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Abstract

The Purpose of this study is to investigate the effect of using a program depending on
argument based inquiry approach via “write- t0- learn strategy” on g grade students’
self-regulation skills and students’ abilities of forming scientific mental models. As well
as the effect of the interaction between argument based inquiry approach via write to
learn strategy method of teaching, and gender on 8" grade students’ self-regulation and
students’ abilities to form scientific mental models. The study was conducted on a
purposive sample of 8" grade students (females and males) enrolled at public schools in
Jerusalem district. The schools are: Bethany Secondary School for Girls and Al Ma’ahad
Al Arabi School for Boys during the second semester of the academic year 2016\2017.
The Sample consisted of 152 students of the 8" grade (71 females and 81 males).
Students from both schools were assigned to experimental and control group randomly.
The experimental group was taught a whole unit by the argument based inquiry approach
via “write-to-learn strategy”, while the control group was taught by the traditional
method. The experiment lasted for two months. The researcher has prepared two
instruments for the study, Self-Regulation Questionnaire and Mental Model Exam.
Content validity and reliability was done for both instruments. A pre and post
questionnaire and test were done for all of the participants to measure the effect of using
a program depending on argument based inquiry approach via “write- to- learn strategy”
on 8" grade students’ self-regulation skills and students’ abilities of forming scientific
mental models. The means, standard deviations, and (2-way ANCOVA) test were used in
the study. The findings of the study showed that there are statistically significant
differences at (a< 0.05) in the mean scores of 8" grade students’ self-regulation skills due
to method of teaching in favor of the experimental group, there are statistically significant
differences at (o< 0.05) in the mean scores of g™ grade students’ abilities to form mental
models due to method of teaching in favor of the experimental group, there are
statistically significant differences at (a< 0.05) in the mean scores of 8" grade students’
abilities to form mental models due to gender in favor of males and there are statistically
significant differences at (a< 0.05) in the mean scores of 8" grade students’ abilities to
form mental models due to the interaction between method of teaching and gender in
favor of males in the experimental group. Furthermore, there are no statistically
significant differences at (o< 0.05) in the mean scores of 8" grade students’ self-
regulation skills due to gender, and there are no statistically significant differences at (o<
0.05) in the mean scores of 8" grade students’ self-regulation skills due to the interaction
between method and gender.

In the light of these results the researcher recommends using the argumentation via

“write-to-learn strategy” in teaching science due to its effect in improving students’
skills.
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Chapter one

Introduction

1.1 Background of the study:

During this rapidly changing society, in a time of knowledge and technological
advancement, students have easy and quick access to knowledge, contents and facts.
They can find information on anything they want and at any time; this revolution puts the
roles of teacher under continuous investigation and development. With this issue,
teaching in the 21* century should focus on student centered learning and development of
students skills such as creative and critical thinking, problem solving, collaboration, self-
regulation, and mental models formation.

Science is the systematic study of the structure and behavior of the physical and natural
world through observation and experiment. From this definition, an emphasis of inquiry
must be modeled in the classroom, just as it is practiced in the research
laboratories(Herr,2008).

Science is also a way of knowing the natural world; many years of work and research in
the science education community have provided a coherent, research-based vision for a
new era of science education. Therefore teaching science is a dynamic field and it is
gaining its importance from the National Science Education Standards (NSES) that were
created to coordinate the goals and objectives for science instruction. One of the (NSES)
aims is to plan an inquiry based science program for the students. This approach to
science teaching motivates and engages all types of students, helping them understand the
relevance of science to their lives, as well as the nature of science itself (Next Generation
Science Standards (NGSS, 2013).

The National Research Council (NRC, 2000) continued its emphasis on science
instruction that directly engages students in the practice of science, the proficiencies that
need to be developed for all students are: to know, use, and interpret scientific
explanations of the natural world, to be able to generate and evaluate scientific evidence,
to understand the nature and development of scientific knowledge, and to participate
productively in scientific practices and discourse.

In the past decades, numerous publications have called for inquiry based approaches to
science instruction that can effectively help students develop critical reasoning capacities,
including the ability of students to pose scientific questions and investigate them, to
accurately record and interpret the results, and to be able to link their findings to a
developing body of scientific knowledge (NRC, 2001).Understanding the nature of
science and scientific inquiry is also an important goal of science education (NRC, 2000).



The rapid advance of cognitive learning theories in the past few years has led educators
to realize the need for student to be more actively engaged in their own construction of
knowledge. Emerging researches suggest that children’s abilities to engage in inquiry
and form new conceptual understanding are enhanced when they grasp the nature and
construct scientific knowledge. After that, a discussion of the specific aspects of the
nature of science and scientific inquiry should be held in both elementary and middle
schools for students to understand (Bass, Contant and Carin, 2009).

The NSES frequently encourages the use of inquiry in the science classroom, defining it
as a multifaceted activity that involves making observations; posing questions; examining
books and other sources of information to see what is already known in the light of
experimental evidence; using tools to gather, analyze, and interpret data; proposing
answers, explanations, and predictions; and communicating the results. Inquiry requires
identification of assumptions, use of logical thinking, and consideration of alternative
explanations (NRC, 2000).

Although much has been written on the topic of inquiry, understanding it, especially as it
applies to instruction, has proven to be challenging for many science teachers. When
engaging in inquiry, students describe objects and events, ask questions, construct
explanations, judge these explanations against current scientific knowledge and
communicate their ideas to others (Sutman, Schmuckler and Woodfield, 2008).

Argument Based Inquiry approach supports a constructivist approach to learning science.
According to this approach, learning is a construction based on the learner’s prior
knowledge. Students take in information from many sources, including personal
discoveries and acquisition from teachers, books, videos, and other resources. But in
constructing understanding, student must connect new information to their existing
knowledge and experiences, reorganize their knowledge structures, assimilate new
information to them, and construct meaning for them (Horsley, Hewson, Love, Stiles and
Mundry, 1998).

Thrumbull (1999) further pointed out that Argumentation is related to constructivism
which involves scientific dialogues based on evidence.

Moreover, the NGSS (2013) unprecedentedly seek to interweave scientific knowledge
and practices within learning experiences, of which argumentation is one such example.

Processing and synthesizing information orally is not effective as the researcher noticed
from her experience in science teaching. It is crucial to adapt a teaching strategy that
helps students to summarize notes, to develop their writing skills and organize their work.



Spolsky (1999) indicated that writing is a major tool of learning and it is a problem-
solving activity in which students generate their own ideas and clarify them to themselves
as they try to communicate them clearly to their partners. Thus writing may involve
assimilation, interpretation, and reformulation of individual opinion. Moreover it is
needed to help students to gain greater control over the cognitive strategies involved in
composing writing and in developing effective planning strategies. Writing- to- learn can
enhance students understanding and develop their writing skills.

Kuta (2008) also revealed that students make their own records or notes in order to use
them for learning the content or material, and they can later use them to study for a test.
Students are directed to take specific notes in both words and pictures forms.

The ability of students to learn individually is an important aspect; teachers must take
care of in order to prepare them for the continuously sophisticated future. For this reason,
students’ self-regulation in learning, especially in learning science, should be given a
significance attention since it has been well documented in the domain of science
learning (Hadwin, Jarvella and Miller, 2011).

Many researchers (Schraw, Crippen and Hartley, 2006) further believed that meta-
cognitive self-regulation played an especially important role in academic learning since it
represents learners’ awareness, knowledge, control of cognition, and could help them
apply cognitive strategies more effectively.

Moreover, the NRC (2001, and 2012) listed students’ understanding of models and
modeling as one of the major goals of science teaching.

Furthermore, Gobert et al., (2011) have suggested that teaching models and modeling
should not only focus on science concepts, but should also promote sophisticated views
of scientific models and modeling.

Thus, the researcher suggested that students should gain lifelong skills which will let
them deal with their future learning. From this issue, developing these skills is a big
challenge for every science teacher. The researcher thinks that combining two strategies,
the argument based inquiry approach as a recommended approach by the NSES and the
“write- to- learn strategy”, could- as the researcher suggests- enhance the self- regulation
skills of students, and improve their abilities of forming scientific mental models. Those
two strategies can be applied in the class as concrete methods of teaching, especially
science teaching, inducing students to gain lifelong skills such as formation of mental
models and self-regulation of their learning. This study is an attempt to investigate The
Effect of Using a Program Depending on Argument Based Inquiry Approach via “Write-



to- Learn Strategy” on 8" Grade Students’ Self-Regulation Skills and their Abilities to
Form Scientific Mental Models.

1.2 Statement of the problem

Reflecting from the researcher’s experience in the science teaching field for many years,
she noticed that most students lack the self-regulation skills in learning, especially in
learning science, as evidenced by students’ failure to set goals for themselves in order to
direct their activities in each study period. Also, when the learning material in the class or
the tasks given by the teacher in the period is difficult for them to understand, they get
confused and tend to lose their concentration. This prevents them from processing the
information deeply and making relations between concepts. As a result, their
achievement suffers as can be observed from their results in the standard and unified
examination. Moreover, the researcher noticed that students lack the ability to form
scientific mental models without the help of the teacher; despite the efforts that teacher
devotes to make them understand and connect the information. Thus, this contributes to
low achievement in standard exams like TIMSS exam which measures high thinking
skills. The literature review showed that self-regulation and mental models play an
especially important role in academic learning since they represent learners’ awareness,
knowledge, and control of cognition. Thus letting students gain these skills may help
them understand science deeply and in the self-building of their knowledge. Therefore, it
is very crucial to suggest teaching approaches that work on students’ acquisition of these
skills rather than the traditional teacher-centered strategies. On this issue, the 87th
NARST Annual International Conference 2014 recommend using the argument based
inquiry approach for its effective role in students’ self-knowledge construction.
Additionally the NRC (2012) listed students’ understanding of models as one of the
major goals of science teaching. Therefore, this study is an attempt to find out if there is
an effect of using a program depending on argument based inquiry approach via “write-
to- learn strategy” to 8" grade students’ self-regulation skills and their abilities to form
scientific mental models.



1.3 Purposes of the study

The purpose of the study is to investigate the following:

1. The effect of using a program depending on argument based inquiry approach via
“write- to- learn strategy” on 8" grade students’ self-regulation skills and students’
abilities of forming scientific mental models.

2. The effect of the interaction between argument based inquiry approach via “write- to-
learn strategy” method of teaching, and gender on 8" grade students’ self-regulation and
students’ abilities to form scientific mental models.

1.4 Questions of the study

This study attempts to answer the following questions:

1. Is there an effect of using a program depending on argument based inquiry approach
via “write-to-learn strategy” on 8" grade students’ self-regulation skills? And does this
effect differ due to method of teaching, gender, and the interaction between them?

2. Is there an effect of using a program depending on argument based inquiry approach
via “write- to- learn strategy” on 8" grade abilities to form scientific mental models? And
does this effect differ due to method of teaching, gender, and the interaction between
them?

1.5 Hypotheses of the Study
The following null hypotheses are derived from the questions of the study:
1. There are no statistically significant differences at (¢<0.05) in the mean scores of gt

grade students’ self-regulation skills due to method of teaching, gender, and the
interaction between them.



2. There are no statistically significant differences at (a<0.05) in the mean scores of 8"
grade students’ abilities to form scientific mental models due to method of teaching,
gender, and the interaction between them.

1.6 Significance of the study

The significance of this study stems from the fact that teachers need to improve the way
that students learn by helping them to acquire learning skills which help them in their
life-long learning such as self-regulation skills and mental models skills. Thus, this study
provides necessary information from theoretical, practical, and research fields.

In the theoretical field, this study is expected to introduce a theoretical background
about the argument based inquiry program via “write- to- learn strategy”, self-regulation
skills, and mental model skills for teachers, curriculum designers and researchers.

In the practical field, the results of the study are expected to be meaningful for
curriculum designers to develop such a strategy that could help students to acquire
learning skills, especially science learning skills. Also, this study provides a practical
strategy that teachers can use to increase their teaching competences , improve the way
by which students learn and enhance their self-learning skills, which are crucial for deep
learning in science.

In the research field, this study may help to develop the knowledge about self-learning
skills and provide reference for further research studies, with further variables and stages
and other subjects.



1.7 Definition of Terms:

Argument based inquiry approach: discourse practices through which students attempt
to construct, support, evaluate or validate a claim by evidence-based reasoning in science
learning contexts. (Erduran and Jimenez-Aleixandre, 2008, p.4).

“Writing —to- learn strategy”: informal writing strategies which help learners to engage
in different writing activities in order to process and connect information and to do
authentic writing (Kuta, 2008).

Argument based inquiry approach via “write- to- learn strategy”: an educational
strategy in which students construct their own knowledge by attempting to form a claim
and validate it using appropriate ways with the emphasis of writing each step of their
work using variable writing activities.

The researcher prepared material as a guide for teachers in the form of activities that
illustrate how to teach a whole unit in the 8" grade science book for the second semester
of the academic year 2015\2016 through the argument based inquiry approach cycle via
“write- t0- learn strategy” which helps students use writing as a way to promote active
learning. (Appendix No.5)

Self-regulation of learning science: processes that learners use to activate and maintain
cognition, emotion, and behavior to attain personal goals. (Zimmerman and Kitsantas,
2014, p.145).

It was also considered as a multidimensional construct including cognitive, meta-
cognitive, motivational, behavioral, and environmental processes (Dornyei and Ryan,
2015, p.165).

The researcher built an instrument (self- regulation of learning science questionnaire) to
measure the self-regulation of learning science skills especially for the study. (Appendix
No.1)

Scientific mental models: specially organized representations which show aspects of
mechanism, causality, or function to illustrate, explain, and predict phenomena (Schwarz
etal., 2009, p.634).

The researcher built an instrument (mental model exam) to check students’ abilities of
forming mental models especially for the study. (Appendix No.3)



1.8 Limitations of the study
The study is applied within the following limitations:

Regional limitations: the study is conducted on 8" grade students (females and males)
enrolled at public schools in Jerusalem district. The schools are: Bethany Secondary
School for Girls; Al Ma’ahad Al Arabi School for Boys.

Time limitations: the study is carried out in the second semester of the academic year of

2016-2017.

Conceptual limitations: the study is limited by the concepts and definitions previously
mentioned in it.



Chapter Two

Theoretical Framework and Related Studies

This chapter provides a roadmap for the theoretical framework and related studies. The
researcher arranged the theoretical framework in a systematic way that covers
clarifications of the argument based inquiry approach, the “write- to- learn strategy”, the
self- regulation of learning science skills, and the scientific mental models. Additionally,
the researcher arranged summaries of related studies that focus on each of them
respectively.

2.1 Literature Review

2.1.1 Argument based inquiry approach:

2.1.1.1 Scientific Inquiry:

The NRC (2000) defined scientific inquiry as “ multifaceted activity that involves making
observations, posing questions, examining sources of information, planning
investigations, reviewing what is already known in light of experimental evidence, using
tools to gather, analyze, and interpret data, proposing answers, explanations, and
communicating the results” (p.23).

Scientific inquiry reflects how scientists come to understand the natural world, and it is at
the heart of how students learn. From a very early age, children interact with their
environment, ask questions, and seek ways to answer those questions. Understanding
science content is significantly enhanced when ideas are anchored to inquiry experiences.
Scientific inquiry is a powerful way of understanding science content. Students learn how
to ask questions and use evidence to answer them. In the process of learning the strategies
of scientific inquiry, students conduct an investigation and collect evidence from a
variety of sources, develop an explanation from the data, communicate and defend their
conclusions (Herr, 2008).

The National Science Teachers Association (NSTA) recommended that all teachers
embrace scientific inquiry and is committed to helping educators make it the centerpiece
of the science classroom. The use of scientific inquiry ensures that students develop a
deep understanding of science and scientific inquiry (NSTA, 2000).

Regarding the use of scientific inquiry as a teaching approach, the (NSTA, 2000)
recommended that science teachers should write goals which engage the students in
inquiry based instructions, implement teaching approaches that foster students to pose
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questions about the natural world, use teaching strategies that assess students’
understanding, design and manage learning environment which provides all of the
sources needed to facilitate students’ inquiry learning, enhance students to conduct
investigations to collect evidence that prove their claims, and encourage them to
communicate and defend their results to their peers and others.

Features of Inquiry Instruction:

The NRC (2000) suggested special features that characterize inquiry instruction and
learning. These features include:

1. Learners are engaged by scientific questions: at every stage of inquiry, students are
connected to objects, organisms, and events in the real world. An early stage in inquiry is
the formation of questions for investigation. Ideally, students would generate questions
from their own real world or from their experiences. Not all of them could formulate
accurate questions, many of them, however, will need considerable assistance in learning
to form questions that can be investigated scientifically. In many cases, the focus
question or problem is formulated by the teacher.

2. Learners give priority to evidence as they plan and conduct investigations: in
inquiry approaches, students design ways to gather evidence to answer their questions.
With varying degrees of assistance, students determine what data might be relevant;
decide how to collect the data, how to represent it, and how to organize it in useful ways.
Students use a variety of investigational approaches to gather evidence, including
descriptive, classificatory, and experimental investigations and other sources like books,
experienced teachers, or local environment.

3. Learners connect evidence and scientific knowledge in generating explanations:
continuing in inquiry, students describe, classify and explain their observations, clarify
and justify their work to themselves and to one another. They gradually learn that
explanations must involve scientific knowledge and always be based on observational
evidence gathered through investigations. Students should reflect on their observations
often using prior and developing knowledge to draw inferences from their observations,
and collecting more data if necessary.

4. Learners apply their knowledge to new scientific problems: to develop and extend
understanding, learners must have the opportunity to apply their new science knowledge
to new circumstances.
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5. Learners engage in critical discourse with others about procedures, evidence, and
explanations: Students love to talk about their experiences. Inquiry science provides a
rich context for all students to develop language and thought. Communicating and
justifying scientific procedures, by collecting, recording, reporting, reflecting on
evidence, and generating interpretations focus the students on what they know, how they
know it, and how their knowledge connects to the knowledge of other people, to other
subjects, and to the world beyond the classroom.

Moreover, the NRC (2001) suggested criteria for assessment of inquiry learning, which
should be based on three guiding questions:

1. Where are students trying to go?
2. Where are students now?
3. How are students going to get there?

The first question leads to a consideration of standards and objectives. The second
question involves assessing students’ learning. The third question leads to the critical step
of teachers using assessment results in making decisions about scaffolding, learning
strategies, and instruction.

Where are students trying to go? There is growing consensus that the National Science
Education Standards and the standards of the various states define the goals that should
be achieved in science at different grade levels. Therefore, teachers should provide
students opportunities to attain the objectives and learn standards-based science in active
ways.

Where are students now? Students should be required to show evidence of their
learning through formal and informal assessments. Assessment in the past centered too
often on what was easy to measure with multiple choice items: the recall of facts,
concepts, principles, and theories. State and National Science Standards have not lost
sight of the importance of a strong knowledge base, but they go beyond knowledge and
place emphasis on students’ understanding and applying science concepts and principles,
as well as on their ability to use a variety of science processes and investigative
procedures.

How are students going to get there? Assessments of any kind must always be related
to standards and lesson objectives and have a clear purpose. The purpose of classroom
assessment is to improve learning and instruction. Assessment results can be used to
guide decisions about how modifications in instruction can help learners achieve the
objectives. Classroom assessments can also be used to provide summative information on
what students have actually learned through instruction.

In Addition, the NRC (2001) assisted that students must be provided opportunities to
develop both conceptual understandings and abilities of scientific inquiry. Assessing
inquiry abilities formatively through informal assessment is an important part of science
learning.
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To summarize, scientific inquiry approach is well documented in the field of science
teaching, and has proven to be challenging for many science teachers. In inquiry
instruction students are engaged in forming questions about their environment or natural
world, and then they have to construct their own explanations, judge them using
investigation to collect evidence, and communicate their results to others.

2.1.1.1.2 Argumentation:

It is defined as discourse practices through which students attempt to construct, support,
evaluate, or validate a claim by evidence based reasoning in science learning contexts
(Erduran, Ardac and Yakmaci-Guzel, 2006).

Erduran, Simon and Osborne (2004) defined it as an authentic inquiry-based discourse
that coordinates conceptual and epistemic goals across both writing and talking.

Aydeniz and Dogan (2016) stressed that engagement in argument is not only a process
that includes claims, evidence, and reasoning but also a process in which students
persuade their peers of the validity of their arguments.

In argument based instruction, scientific arguments become a leading framework for
teaching and learning of concepts by emphasizing science not as an experimental
verification, but rather, as a process of scientific argumentation and explanation. In such
practices, no longer is conceptual repetition or factual accumulation the focal point;
instead, the concentration is on constructing concepts through scientific argumentation.
(Erduran, Ardac andYakmaci-Guzel, 2006).

According to Heng, Surif and Seng (2015) scientific argument is core in knowledge
construction and students are needed to propose, support, criticize, evaluate, refine ideas
about concepts and use scientific theories and evidence to confirm their claims.

The research of Cavagnetto (2010) examined how argument instruction increases
scientific literacy. Three fields or orientations were highlighted within the research for
the argument instruction: one is to explore the interaction of science and society to realize
the purpose for scientific (or socio-scientific) argument, another is to understand the
structure to learn scientific argument, and finally to actively engage, to immerse into
argument in order to acquire as skill.

In the science classroom, argument often becomes a monologue, a one-way conversation
where the pupils cannot engage in genuine questioning of their teacher because they lack
the resources to challenge or question the assertions of the teacher. The result is that the
world is portrayed as a set of absolutes, characterized by right and wrong answers with
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the origins of scientific ideas, their metaphorical roots, and any element of uncertainty is
simply excised. Restoring the consideration of evidence, reasoning and argument
requires instead the recognition of a contemporary model of science (Erduran, Ardac and
Yakmaci-Guzel, 2006).

Gierre’s model is an attempt to capture the fact that scientists are involved in studying the
material world. In that process, they gather data from instruments and measurements and
they develop models of how they think the world behaves. These models allow them to
make predictions that they then test. What Gierre’s model demonstrates is that
observation and experiments are the handmaidens to generating argument about the fit, or
lack of it, between theory and data. For data lead to models and theories, models lead to
argument, about which evidence is significant, and data, in turn lead to argument about
the success or failure of theories. In short, there is a complex cyclical and reflexive
interaction between models and evidence to which evaluative argument makes a central
contribution (Gierre, 1991).

In this issue, teaching science needs to accomplish much more than simply detailing what
we know. In addition to teaching the content of science, of growing importance is the
need to educate our students and citizens about how we know, and why we believe in the
scientific world view e.g. science is a way of knowing. Such a shift requires a new focus
on how evidence is used in science for the construction of explanations that are based on
the arguments that form the link between data and the theories that science has
constructed, and the development of an understanding of the criteria used in science to
evaluate evidence and construct explanations (Driver, Leach, Millar and Scott, 1996).

According to Mason (1996), argumentation is a form of discourse that needs to be
appropriated by children and explicitly taught through suitable instruction, task
structuring, and modeling.

Thus, argumentation concerning the appropriateness of experimental design, the
interpretation of evidence and the validity of knowledge claims which are at the heart of
science, and are central to the everyday discourse of scientists. Scientists engage in
argumentation and it is through this process of argumentation within the scientific
community which its quality control in science is maintained. Beyond coherence with
current philosophies of science, there are cognitive values of argumentation in science
education to the extent, from the cognitive perspective, that argument involves the public
exercise of reasoning (Kuhn, 1992).

According to Vygotsky (1978), lessons involving argument will require children to
externalize their thinking. Such externalization requires a move from the intra-
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psychological plane, and rhetorical argument, to inter-psychological and dialogic
argument.

When children engage in the argumentation process, and support each other in high
quality argument, the interaction between the personal and the social dimensions
promotes reflexivity, appropriation, and the development of knowledge, beliefs and
values. Furthermore, to grasp the connection between evidence and claim is to
understand the relationship between claims and warrants and to sharpen children’s ability
to think critically in a scientific context, preventing them from becoming blinded by
unwarranted commitments (Quinn, 1997).

Schweingruber, Keller and Quinn (2012) also emphasized that such opportunities
promote communication in written or spoken forms and require scientists to describe
observations precisely, clarify their thinking, and justify their arguments. These policy
changes reflect an expanded and more authentic perspective of science competence in
which students are expected to construct and critique written and oral arguments using
the rules of evidence and reasoning that are respected in scientific discourse.

Another point is that the findings from current literature indicated that scientific
argumentative activities can promote students’ scientific literacy, nurture conceptual
changes, and enhance their understanding of scientific concepts. Besides, scientific
argumentation also fosters students’ content knowledge, develops higher order thinking,
improves communication skills, and enhances scientific reasoning (Heng, Surif and Seng,
2014).

In the classroom, the argumentation process becomes a beneficial pedagogical technique
because it makes students’ scientific thinking visible when they articulate why they
believe a claim to be true. This enables teachers to identify misconceptions and redirect
teaching. Additionally, it is hoped that highlighting competing viewpoints will move
students’ views of science away from a set of discrete facts toward a body of knowledge
that is constructed by a community through discussion, discernment, and revision in light
of both contradictory and confirmatory justifications (Erduran, Simon and Osborne,
2004).

Besides this, scientific argumentation is an authentic scientific process in which
knowledge is socially constructed through evaluating scientific claims, weighing
evidence, and critiquing alternative explanations. For instance, in response to a purported
claim, other scientists identify the claim’s weaknesses and limitations in terms of how it
is being justified (Schweingruber, Keller and Quinn, 2012).
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Figure 1. Toulmin’s argumentation pattern (TAP)

Figurel. Toulmin’s argumentation pattern(Toulmin, Rieke and Janik, 1979, p.51)

2.1.1.1.3 Scientific Argumentation Model:

An influential contributor to the field of argumentation is Stephen Toulmin. His model of
argument, referred to as the Toulmin’s Argumentation Pattern (TAP) (shown in Fig.1). It
had been used to assess students’ argument and to support their learning. According to
the TAP, an argument includes a claim, data that support the claim, warrants that provide
a link between the data and the claim, backings that strengthen the warrants, rebuttals that
indicate the circumstances under which the claim would not be true, and qualifiers that
state the conditions under which the claim is true (Toulmin , Rieke and Janik, 1979).

It is noted that the application of the pattern is based on the assumption that the presence
of more argumentation elements indicates a better quality argument. Arguments that
consist of claims supported by data, warrants, and backings are considered simple
arguments, whereas arguments that consist of qualifiers and rebuttals, in addition to data,
warrants, and backings, are deemed more complex and sophisticated. It is also noted that
the TAP does not take into consideration the accuracy of the elements from a scientific
perspective. In addition, the TAP also does not assess whether the argument, as a whole,
makes sense. The dialogic or social perspective on argumentation focuses on the
interactions between two or more individuals in which the participants try to persuade or
convince each other of the validity of their claims. Consequently, engaging in
argumentation includes the construction and critique of multiple explanations and the use
of evidence (Sampson and Clark, 2009).
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The construction of scientific argument requires cognitive involvements, such as
analyzing and making sense of the data, generating explanations, supporting the idea, and
challenging the validity of an idea. In group collaborations, students have the
opportunities to explain their thinking about a phenomenon being studied, to listen to the
explanation of their peers to observe the strategies of others, and to resolve different
perspectives through discussions. Furthermore, group discussions involving collaborative
reasoning and arguments lead to a deeper understanding of scientific concepts. Through
explicating, comparing and challenging ideas, and explaining, students were able to
recognize limitations, anomalies and fallacies of the concept being discussed. This
situation is important and can lead to conceptual change when students try to integrate
new knowledge with existing conceptual structures (Heng , Surif and Seng, 2014).

Tytler, Duggan and Gott (2001) also focused that the use of evidence is central to the
interactions between the public and science. Individuals need to consider, ask questions
and use evidence when engaged in regulation, policy formation and decision-making that
involve science in their everyday lives. For example, using evidence is important for
individuals to engage in problem solving or decision-making in everyday circumstances
around a science-related matter, such as deciding to have a child immunized.

In terms of explicit instruction, Venville and Dawson (2010) found that teaching
scientific argumentation explicitly through modeling and other instructional practices as
well as providing students opportunities to engage in argumentation supports students in
developing stronger argumentation skills as well as conceptual knowledge.

There are numerous reasons for including argumentation in science education. First,
argumentation is in line with the contemporary perspectives in the philosophy of science,
which emphasize that science involves the construction of theories that are open to
challenge and refutation. The second reason takes the cognitive perspective into account
and explains the importance of argumentation in the externalization of students’ thinking
and becoming critical thinkers. The final reason touches upon the socio-cultural
perspectives of cognition, which clarify the appropriation of community practices,
including scientific discourse by students through argumentation (Erduran, Simon and
Osborne, 2004).

Sadler and Donnelly (2006), focused on designing interventions around socio-scientific
issues that emphasize the moral, ethical, and political influences on decision-making in
science. Although there has been considerable work in this area, much of the research
suggests that students continue to have difficulties with these practices.
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Sadler and Fowler (2006) justified the movement of integration between science and
society by arguing that school science should include a dynamic interaction of science
and society by giving equal emphasis to the scientific as well as social, political,
economic, and moral aspects of issues. From this perspective, socio- scientific issues
have had a potential to constitute a platform for an argumentative discourse.

However, Osborne and Patterson (2011) argued that the term explanation is often
inappropriately used in standards documents and in research literature when the actual
practice being described in which a claim is justified using evidence.

This means that there is a gap between theory and practice of argumentation, to overcome
the gap between theory and practice in applying argumentation strategy, Berland and
Reiser (2009) argued that in terms of explanation as a practice of science, it is important
for students to understand and participate in how explanations are constructed,
questioned, evaluated, and revised through the practice of argumentation. They further
described argumentation as when, individuals compare conflicting explanations with the
support for those explanations and work to identify/construct an explanation that best fits
the available evidence and logic. As such, explanation and argumentation are
complementary practices.

Moreover, the construction of knowledge claims in science occurs through
argumentation in which scientists debate and justify claims using evidence. This social
construction of knowledge is essential to the scientific community in which claims are
disputed and changed over time as new evidence arises and different theories are debated
(Driver, Newton and Osborne, 2000).

Kolsto (2001) implied that when talking about socio-scientific issues, argumentation is
also an important part of decision-making. When students engage in argumentation
processes, they understand and experience multiple perspectives that are based on
evidence.

Furthermore, Khishfe (2012) asserted that when students establish hypotheses, gather
data and discuss their results based on their data, they will certainly exhibit how they
conceptualize the nature of science aspects in inquiry processes in science classes.
Actually, students use argument and try to support their claims with evidence in these
processes. Thus, there is a strong link between the nature of science and argumentation.

McDonald (2010) further claimed that the inclusion of argumentation in the curricula is
an important component of contemporary science education in many countries. Erduran
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and Jimenez- Aleixandre (2008) recommended using argumentation while constructing
curricula; they emphasized some features that the curriculum must have in argumentative
contexts and pointed out that the curriculum needs to be organized around inquiry that
provides the discursive practices of scientists. Inquiry facilitates understanding of how
scientific knowledge is constructed and how it is validated (justification of claim,
evaluating alternative claim, finding evidence to support claim). They also listed the
characteristics of curriculum in argumentative contexts as follows:

1. Organized around authentic activities.

2. Structured as problem solving.

3. Designed to generate a diversity of outcomes with different epistemic states.
4. Uses resources that support the development of scientific epistemic practices.

The assessment strategies used for assessing students’ work through argumentation
focused on students’ own performances by means of portfolio, rubric, and self-
evaluation journals leading to communication in which students reflect upon their
cognitive processes of knowledge construction (Cetin, Metin, Capkinoglu and
Leblebicioglu, 2016).

In Summary, argumentation process is composed of claim, question, probe, data, warrant,
and rebuttal. The literature review of argumentation revealed the importance of this
teaching approach in developing students’ reasoning and logical skills, improving the
learning outcomes, helping students to acquire valuable experiences in scientific
practices, inspiring them to pursue their claims, and helping them to deepen their
understanding of the science content, making it more memorable and meaningful to
students. Thus, this study is an attempt to highlight this approach and stand on its abilities
to develop and influence students’ skills.

2.1.2 “Writing- to- learn Strategy”:

The literature of writing indicated that an important characteristic of students is their
writing strategy. For example, how they cope with the complexity of writing, by dividing
a writing task into subtasks, sequencing these subtasks and regulating the attention paid
to sub-processes (Torrance and Galbraith, 2006).

Galbraith and Torrance (2004) suggested that writing strategy is necessary for managing
the complexity of a writing task. The two most well defined strategies are:

“ (A) Planning strategy: in which writers concentrate on working out what they want to say
before setting pen to paper, and only start to produce full text once they have worked out what
they want to say.

(B) Revising strategy: in which writers work out what they want to say in the course of writing
and content evolves over a series of drafts”. (p.64)
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Writing in a discipline involves describing, summarizing, and integrating information
related to that discipline (e.g., science, history) and presenting new ideas related to those
concepts. Developing writers learn to engage in disciplinary writing by learning to
paraphrase and summarize ideas, and to integrate these ideas to address one or more
questions. Additionally, these writers must gain knowledge of the disciplinary content
through various sources, such as listening to a lecture or reading a text. One type of essay
commonly used in educational settings to provide instruction toward this objective, and
to assess students’ ability to engage in disciplinary writing is the source-based essay. The
term source-based writing can refer to a wide variety of written tasks, including
summaries, reaction papers, syntheses, lab reports, constructed responses, argumentative
papers, research papers, and essay exam questions. Source-based writing differs from
other forms of writing (e.g., persuasive or narrative writing) because it requires the writer
to synthesize information from texts in response to a prompt or goal (Braine, 1995).

Galbraith and Torrance (2004) also claimed that offering students writing tasks that
match their preferred writing tendencies may help to reduce the cognitive load of writing
and may therefore have a positive impact on students’ domain learning, because writing
strategies (either planning or revising) allow planning the content of the text to be
conducted free of the demands of constructing well-formed and coherent texts.

As Newell (2006) pointed out that “ constructivist notions of teaching and learning make a
strong case for the value of writing in academic learning, yet one challenge that remains is
translating that into the ways of knowing and doing in various academic disciplines” (p. 235).

Nelson (2001) argued that writing-to-learn initiatives allow students to use writing to gain
authority on a subject or topic and, as they do so, to benefit by learning the ways of
writing associated with the discipline.

According to Newell (2006) writing is crucial and essential part of students’ activities in
secondary school education. Teachers can employ writing tasks in the period as a way of
making sense of information and exploring ideas.

Furthermore, Tynjala, Mason and Lonka (2011) stated the importance of writing to learn
strategies in ordering, explaining, or clarifying all kinds of learning material in various
school subjects. Therefore, writing strategies could help to increase attention of the
students while they are writing, and may consequently enhance the learning process from
writing (Kellogg, 1988).

Klein (1999) stated that writing is the most dominant instructional activity, and it helps
students to become more aware or familiar with the forms of writing acquired by various
academic disciplines. He also insisted that writing helps students to think critically and to
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build their knowledge. In addition to that, writing reveals the relationships between ideas
in the text, and this will help students to understand the relations among ideas.

Writing enhances the thinking process. As Menary (2007) stated, there is an overlapping
between neural processes and written sentences, this means that writing reflects the
internal/mental thoughts and helps to develop high level thinking skills such as analysis,
composing, and evaluation skills.

It is crucial to give students short daily writing assignments, as Wright (2012) suggested,
and these writing assignments can build students’ writing skills and make them more
confident, with the importance of providing students with feedback and encouragement
about their writing task.

In addition, Kuta (2008) suggested some writing- to- learn activities as the following:

1- Two-column note taking: This kind of writing activity helps students to organize
their learning way. In this activity, students are asked to generate two columns, the first
column is called the “Recall Column” it is on the right of the page; students are expected
to form questions and write them in it. The second column is called “ Note Column” this
column is on the left and it is wider in space, in this column students can write the
answers of their questions, explain definitions, list important details or add visual
memory cues. This form of note taking helps students to organize and process
information deeply.

2- Foldable: Students make their own foldable in this writing to learn activity in order
for them to use as directed, and they can later use it to study for a test. Students are
directed to take specific notes in both words and pictures forms. For example, they can
write definitions using their own language or draw a flow chart for a certain scientific
process. The back of the entire foldable can also be used for students to assess their own
learning.

3- Processing information boxes: Main aim is to make students connect and engage
with the text. A handout is distributed at the end of a period (lesson / day) with the
request to process one, two, or all of the boxes. The first two boxes are for the two types
of questions the students have to ask about the lesson or topic, and inference (conclusive)
questions like “why is this important?” or “how does this connect to me?” . In the third
box students are asked to write a reflection sentence. This forces them to think about their
own learning and/or understanding. The fourth box is for a drawing of a memory cue that
should represent the main idea of the period, important thought(s) of the lesson, main
focus of the day. A discussion can follow in class or an assessment can take place on the
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following day or in the following class period. Thus, they will learn to connect with the
lesson by responding to an open-ended sentence and practice creating visual memory
cues to increase comprehension of important points. The purpose of this activity is to
trigger active involvement with the material, to induce extraction and thus understanding
of important concepts, and last but not least to increase critical thinking.

4-Daily reflections: The purpose of this writing-to-learn activity is to give students the
opportunity to reflect on their learning, to write freely their ideas on a graphic organizer,
to become aware of the ownership of their learning, and to create responsibility for the
quality of it.

There are many ways to make students write in the class in order to help them to acquire
writing as a skill: students can be asked to write at the beginning of the class (to pick up
on a topic of previous lessons or to brainstorm on an upcoming subject, e.g.; during class
to regain control in a heated discussion or to stimulate interest and participation, to ask
questions or to clarify the source of confusions, and — as a consequence — even to
evaluate their own teaching; and finally, at the end of the class to summarize results, to
expose thinking processes (Bean, 1996).

The uses of writing to learn strategy in the classroom are to support students’ learning
process and to assess them effectively (Camps and Milan, 2000).

In essence, there are processes that must be gained by students to develop writing skills.
As Graham and Haris (2012) pointed out, the processes and strategies needed for skilled
writing texts include accessing different kinds of knowledge, planning, drafting,
evaluating information, and construction of sentences. Although, writing skills are not
easy for all students, as Applebee and Langer (2011) insisted, they ensured that writing is
a complex skill to be mastered by all students. They also claimed that little time in
schools is devoted to teach writing. Brindle (2012) also agreed with these researchers and
stated that teachers are not adequately prepared to teach writing skills.

In fact, teaching students how to write takes its important role from these literature
examples:

Berninger, Fuller and Whitaker (1996) pointed out that for developing writing skills,

students must be able to spell, handwrite, and communicate their ideas. The importance
of writing occurs when students can employ their internal ideas in sentences that describe
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them; also they need to master this skill in order to register at universities, in their
employment, and in their life beyond schooling.

In contrast, when students face difficulties in these early writing skills, they will avoid
writing and will develop negative attitudes toward writing; when they think that they
cannot write (Berninger, Mizokawa and Bragg, 1991).

For instance, improving students’ early skills in writing will enhance their abilities to
form sentences, and make their work of great quality (Graham, Haris and Fink, 2002).

There are standards for good writing; these standards were published by the Common
Core State Standards in the United States. They indicated that students at early ages
should gain writing skills and construct meaningful paragraphs. The skills are: to write
an opinion that introduces the topic, state their opinion, provide reasons to support the
opinion, use linking words to connect between opinion and reasons, and provide a
concluding statement (Common Core State Standards, 2010).

Although not all students could write efficiently as (Rijlaarsdam et al., 2012) ensured,
they indicated that students vary in their writing capabilities. They recommended much
more researches that let us understand what students are capable of achieving under
certain circumstances.

Writing influences students learning by actively enhancing meaningful learning. In this
kind of learning, the learner constructs relations between new knowledge and the existed
knowledge; these relations will be clearly seen through well written scientific text
(Glynn, Yeany and Britton, 1991).

Writing activities are the media of fostering students’ abilities of forming conceptual
relations among concepts, writing also helps to reveal misconceptions of the learners and
help the teacher to remedy them (Glynn and Muth, 1994).

Butler (1991) indicated that when students write about scientific topics, they can explore
new ideas, develop scientific understanding, and make their thoughts clear.

Writing plays an important role in learning science. Writing skills are considered as a part
of the long-term memory as Glynn and Muth (1994) indicated in their model of student
cognitive processes as shown in the figure below.
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Figure 2. Learning science: a model of student’s cognitive processes.
(Glynn and Muth, 1994, p. 1059)

The figure shows that student’s cognitive processes are composed of four components:
perception, working memory, long-term memory, and meta-cognition which represent all
of the cognitive processes. And if writing is located in the long-term memory, then
students will retrieve easily what they actually write.

Glynn and Muth (1994) explained that: “Visual, auditory, or tactual information is
perceived and then processed in working memory, where higher order learning operations
are carried out and intellectual products (e.g., hypotheses, inferences, generalizations,
elaborations, and solutions) are formed. The products are formed in working memory
using information and skills retrieved from long-term memory; scientific information and
science process skills, as well as reading and writing skills, are part of long-term
memory. In this model, the science process skills, reading skills, and writing skills are
dynamic and interactive components. They are carried out concurrently in working
memory” (Glynn and Muth, 1994, p. 1059).

Woolfolk (1993) stated the purposes and goals that his students achieve when they
engage in writing activities. The purposes are:

“My students write to explain, to argue a point of view, to prove a hypothesis. My focus is on
their message. Eventually their need to present a clear description or persuasive argument will
lead to a concern with the clarity and logic of their message. First and foremost, my students are
encouraged to write in order to discover and clarify their ideas”. (Woolfolk, 1993, p. 503)”.
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Moreover, Keys (1994) pointed out that writing to learn science is a powerful learning
tool since it lets students make the link between scientific processes and their previous
knowledge about certain scientific topic. This linkage can achieve deep scientific
understanding.

Bereiter and Scardamalia (1987) listed skills needed for students to become competent
writers. These skills are: meta-cognition, idea relation, text production, and revision.
They also stated that students need to draw on meta-cognitive skills to formulate
audience- specific writing goals, and then they have to plan how to meet those goals by
constructing ideas related to them.

Furthermore, when students engage in writing activities they organize their thoughts,
examine their knowledge in details, and widen their explanations or interpretations. They
can also diagnose their knowledge gaps and their misconceptions will be revealed (Glynn
and Muth, 1994).

Glynn and Muth (1994, p.1066) also suggested some writing activities that teachers could
ask students to perform within the period. Some of these activities include:

“l. Explanatory essays in which students describe a complex science concept (e.g.,
photosynthesis) in depth.

2. Field trip notes in which students record their observations of, and reactions to, flora
and fauna.

3.Laboratory logs in which students report their observations, hypotheses, methods,
findings, interpretations, and mistakes-particularly mistakes-as these are a normal
part of the scientific process.

4. Science journals or diaries in which students describe their participation in science
activities, such as fairs and competitions, and reflect on their actions and experiences.

5. Environmental action letters in which students-under the teacher’s guidance-write
to politicians, newspaper editors, and companies to promote positive environmental
actions.

6. Newspaper accounts in which students write stories on science and technology topics
for their school or town newspapers”.

A suggested and widely used strategy is the free writing activity which was first
developed by Elbow (1981), when using this strategy; students represent their thoughts
freely, generate many ideas and link them without paying attention to the quality of their
writing. It’s like a brain storming activity; later students rearrange their ideas and design
a well written draft.
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Another approach for writing was suggested by Graves (1983), which is writing for a
conference. In this activity, students write an assignment about certain topic that they
will share in a small conference in front of teachers and students. He suggested some
questions to guide students’ writing. Such as: If you would include something on your
lab report, how would it be helpful to the reader? What do you think of the most
important sentence in your speech and why?

Bereiter and Scardamalia (1987) suggested assisted monologue strategy for enhancing
writing skills of students. In this strategy students think to make relations between causes
and effects of certain scientific phenomena or theories, and then they have to organize the
causes and effects in tables, flowcharts or drawings.

Furthermore, Light (2001) indicated the amount of writing activities in the period is
directly proportional to engagement and activation of the students in the period, and to
their level of interest. Besides, Allen, Donham and Bernhardt (2011) focused on
improving students’ writing abilities especially if “writing-to-learn strategy” was
combined with other pedagogical strategy such as problem-based learning.

Arum and Roksa (2014) found that the presence of writing activities during the study
period will positively influence students’ lives after graduation by helping them to find an
employment or by increasing their opportunities to write CVs about themselves.

According to the above explanation, the researcher would like to assert that writing to
learn strategy is a fundamental mode of learning. It offers students opportunities to think
about what they are learning, clarifies thought, allows for analytical criticism and
reflection, and for ideas to be developed even further. It is also an important discursive
tool for organizing and consolidating basic ideas into more coherent and better-structured
knowledge. Integrating this strategy within argumentation could help students in
interacting effectively with science lessons, following steps and writing their notes. The
students follow the argumentation steps with writing on each step. So, they could
elaborate their learning, comprehension, and their writing will serve as records for
information.
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2.1.3 Self- Regulation:

Self-regulation is the process of transforming one’s intelligence into academic skills, and
guiding it to the self. Self- regulation takes result oriented behavior and ideas that it
creates on its own as reference. Self-regulation is significant because the purpose of
education is to enhance lifelong learning skills. After graduating from high school or
university, young adults can learn very important abilities through unofficial ways. Self-
regulation includes strategic performance, adjusting processes and self-monitoring
(Zimmerman, 2010).

Risemberg and Zimmerman (1992) defined self-regulation as determining objectives,
developing strategies to achieve these objectives, controlling the gains of these strategies,
and indicating the importance of the utilization of self-regulated learning strategies.

The structure and function of the self-regulatory process consists of the performance
phase, self-reflection phase and forethought phase. Performance phase consists of self-
control and self-observation phases, and takes the specific method chosen at self-control
precaution phase as reference. Self- observation takes self- testing as reference in order to
find out the reasons for self-record in self-observation includes self- directed interest.
Self- observation is affected by behavioral effects as well as personal processes,
composed of meta-cognition planning, purpose composing and self-competence. Self-
observation corresponds to meta-cognitive monitoring or record keeping of one’s
performance, the relevant conditions related to such performance, and the effects that it
results in. Self- observation involves recording the frequency, intensity, or quality of
behavior. Self-observation is crucial in determining one’s progress. In the absence of self-
observation, selective memory of successes and failure become activated (Zimmerman,
2002).

The self-reflection phase, which forms the structure of self-regulatory process, consists of
self- judgment and self- reaction phases. Self- judgment takes the comparison of self-
observation performances under certain circumstances. Self- judgment affects the
importance of goal achieving and its purpose features. Self-judgment takes the
comparison between one’s purpose and present performance as reference. Self- judgment
includes self- evaluation by attributing temporal importance to the individual’s
performance and results (Zimmerman, 2012).

Self- judgment means comparing present performance with one’s goal. If a person
believes that he/she is making goal progress, self-efficacy increases and motivation
sustains. Students who consider a task to be easy may think that they set their goal too
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low and set their subsequent goal higher. If one knows that similar others performed a
task, one can reach increased levels of self-efficacy and motivation (Schunk, 1987).

Self-judgment refers to evaluating one’s learning performance and attributing causal
significance to the outcomes. Students who are highly regulated self-evaluate themselves
in a more appropriate way and more frequently compared to those who are poorly
regulated (Zimmerman and Kitsantas, 2005).

Getting results by self- judgment and the importance of purpose attribution depends on
the specifics of purpose and following self -evaluation standards. Self-judgment may
become affected by the specifics of the purpose, the significance of failing and
contributions to one’s performance (Schunk, 2008).

Students who judge their goal progress to be acceptable would find themselves
efficacious about continuing to improve and be motivated. If students believe that they
can improve their performance, negative evaluations may not decrease their motivation.
Motivation does not increase when students believe they do not have the ability to
improve (Schunk and Zimmerman, 2003).

Self-reactions are behavioral, cognitive, and emotional responses to self-judgments.
Believing that one is making good progress and the anticipation of satisfaction regarding
accomplishing a goal increases the level of self-efficacy (Pintrich and Schunk, 2002).

Uses of self-regulated learning strategies by students render them capable of increasing
personal control over their own environments. Self-regulated learning provides the
gaining of self-competence senses and may explain the student’s connection to
motivation and achievement. Self-regulated learning processes do not just enrich
motivation, but also predict outstanding academic and athletic achievement. Self-
regulated learning strategies include organization and transformation, data research,
record keeping, self- observation, environmental structuring, self-effectuating, repeating,
memory, surveying, and social aid (Zimmerman, 1990).

Thus, there is a significant relationship between motivation and self-regulated learning,
the high motivation influence self regulation skills in learning. (Mahmoodi , Kalantarib
and Ghaslanic, 2014).
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2.1.3.1 Self -Regulation Learning Theory: the Role of Cognition, Meta-
Cognition, and Motivation

Self-regulated learning refers to our ability to understand and control our learning
environment. To do so, we must set goals, select strategies that help us achieve these
goals, implement those strategies, and monitor our progress towards our goals. Few
students are fully self-regulated; however, those with better self-regulation skills typically
learn more with less effort and report higher levels of academic satisfaction (Schunk,
2008).

Self-regulated learning theory had a distinguished history in cognitive psychology, with
its origins dating back to the social-cognitive learning theory of Albert Bandura. At the
heart of Bandura’s theory is the idea of reciprocal determinism which suggests that
learning is the result of personal, environmental, and behavioral factors. Personal factors
include a learner’s beliefs and attitudes that affect learning and behavior. Environmental
factors include the quality of instruction, teacher feedback, access to information, and
help from peers and parents. Behavioral factors include the effects of prior performance.
Reciprocal determinism states that each of these three factors affects the other two factors
(Schraw and Moshman, 2006).

During the past two decades, Zimmerman (2002) has applied Bandura’s (1997) social
cognitive theory to many settings, including school learning. These attempts led to the
development of self-regulated learning theory which contends that learning is governed
by a variety of interacting cognitive, meta-cognitive, and motivational components.
Social-cognitive perspectives of self-regulated learning postulate that individuals learn to
become self-regulated by advancing through four levels of development: observational,
imitative, self-controlled, and self-regulated levels. Learning at the observational level
focuses on modeling, whereas learning at the imitative level focuses on social guidance
and feedback. Both of these levels emphasize a reliance on external social factors. In
contrast, as students develop they rely increasingly on internal, self-regulatory skills. At
the self-controlled level, students construct internal standards for acceptable performance
and become self-reinforcing via positive self-talk and feedback. At the self-regulatory
level, individuals possess strong self -efficacy beliefs, as well as large repertoires of
cognitive strategies that enable them to self-regulate their learning.

Self-regulated learning consists of three main components: cognition, meta-cognition,
and motivation. Cognition includes skills necessary to encode, memorize, and recall
information. Meta-cognition includes skills that enable learners to understand and
monitor their cognitive processes. Motivation includes beliefs and attitudes that affect the
use and development of cognitive and meta-cognitive skills. Each of these three
components is necessary, but not sufficient, for self-regulation. For example, those who
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possess cognitive skills but are unmotivated to use them do not achieve at the same level
of performance as individuals who possess skills and are motivated to use them.
Similarly, those who are motivated, but do not possess the necessary cognitive and meta-
cognitive skills, often fail to achieve high levels of self-regulation (Zimmerman, 2010).

The three main components of self-regulation can be further subdivided into the
subcomponents shown in Figure 3. A brief description of each of these components is
given below, as well as several finer-grained subcomponents.

SCIENCE SELF-REGULATION 11

Self-Regulated Learning

Cognition Metacognition Motivation
Simple Strategies Knowledge of Cognition Self-efficacy
Problem Solving Regulation of Cognition Epistemology
Critical Thinking

Figure 3. Components of self-regulation learning.
(Zimmerman, 2012, p.287)

2.1.3.1.1 Cognition

The cognitive component includes three general types of learning skills, which are
referred to as cognitive strategies, problem solving strategies, and critical thinking skills.
Cognitive strategies include a wide variety of individual tactics that students and
instructors use to improve learning. One example is the use of student generated
questions before or during reading to focus the learner’s attention (Chinn and Brown,
2002).
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A second example of self-regulation strategies is the use of critical thinking strategies
which involve a variety of skills such as the individual identifying the source of
information, analyzing its credibility, reflecting on whether that information is consistent
with their prior knowledge, and drawing conclusions based on their critical thinking
(Linn, 2000).

2.1.3.1.2 Meta-cognition

Meta-cognition includes two main subcomponents generally referred to as knowledge of
cognition and regulation of cognition (Schraw and Moshman, 1995).

Knowledge of cognition refers to what we know about our cognition, and may be
considered to include three subcomponents. The first, declarative knowledge includes
knowledge about ourselves as learners and what factors influence our performance. For
example, most adult learners know the limitations of their memory system and can plan
accordingly. Procedural knowledge, in contrast, refers to knowledge about strategies and
other procedures. For instance, most adults possess a basic repertoire of useful strategies
such as note-taking, slowing down for important information, skimming unimportant
information, using mnemonics, summarizing main ideas, and periodic self-testing.
Finally, conditional knowledge includes knowledge of why and when to use a particular
strategy. Individuals with a high degree of conditional knowledge are better able to assess
the demands of a specific learning situation and, in turn, select strategies that are most
appropriate for that situation (Schraw and Moshman, 2006).

According to Schraw and Moshman (1995) regulation of cognition typically includes at
least three components: planning, monitoring, and evaluation. Planning involves the
selection of appropriate strategies and the allocation of resources. Planning includes goal
setting, activating relevant background knowledge, and budgeting time. Previous research
suggested that experts are more self-regulated compared to novices largely due to
effective planning, particularly global planning that occurs prior to beginning a task.
Monitoring includes the self-testing skills necessary to control learning. Evaluation refers
to appraising the products and a regulatory process of one’s learning. Typical examples
include re-evaluating one’s goals, revising predictions, and consolidating intellectual
gains.

2.1.3.1.3 Motivation

The motivation component includes two important subcomponents, consisting of self-
efficacy and epistemological beliefs. Self-efficacy refers to the degree to which an
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individual is confident that he or she can perform a specific task or accomplish a specific
goal (Bandura, 1997).

Self-efficacy is extremely important for self-regulated learning because it affects the
extent to which learners engage and persist at challenging tasks. Students with higher
self-efficacy are more likely to engage in a difficult task and more likely to persist at a
task even in the face of initial failures compared to low-efficacy students (Pajares, 1996).

Higher levels of self-efficacy are positively related to school achievement and self-
esteem. The trends observed with respect to student self-efficacy also generalize to
teachers and even schools. For example, teachers with higher levels of self-efficacy set
higher goals and standards, give more autonomy to students, and help students reach
higher levels of achievement than do teachers with lower levels of self-efficacy
(Goddard, Hoy and Hoy, 2000).

Self-efficacy is affected by a number of variables, but especially vicarious learning and
modeling. Vicarious learning occurs when individuals learn by observing others perform
a skill or discuss a topic. Vicarious learning is advantageous to learners because they are
not expected to perform the task, and therefore experience less anxiety, and because they
also can focus all of their resources on observing experts. Modeling occurs when learners
learn intentionally from other individuals such as teachers and students. Modeling
typically includes the teacher breaking a complex task into manageable parts and asking
students to demonstrate each part separately in sequence (Schraw and Moshman, 2006).

Bandura (1997) proposed that modeling is effective because it raises expectations that a
new strategy can be acquired, in addition to providing a great deal of knowledge about
the skill. Peer models are usually the most effective because they are most similar to the
learner. Indeed, students are most likely to increase their own self-efficacy when
observing a model of similar ability level performing the skill.

There are two main ways to increase students’ self-efficacy. One is to use both expert
(teacher) and non-expert (student peers) models. Modeling can improve cognitive
strategies and self-efficacy. The second is to provide as much informational feedback to
students as possible. Feedback should indicate not only whether the skill was performed
acceptably, but provide as much information as possible about how to improve
subsequent performance. Given detailed informational feedback, performance and self-
efficacy can increase even after students experience initial difficulty performing a skill
(Schraw, Crippen and Hartley, 2006).
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Furthermore, Zimmerman and Martinez (1990) listed some characteristics of self-
regulated students. These characteristics include: the self- regulated students approach
educational tasks with confidence; they are aware when they know a fact and possess a
skill and when they do not. Unlike their passive classmates, self -regulated learners
proactively seek out information when needed and take the necessary steps to master it.
When they encounter obstacles such as poor study conditions, confusing teachers, or
abstruse text books, they find a way to succeed. Self-regulated learners view acquisition
as a systematic and controllable process, and they accept greater responsibility for their
achievement outcomes.

The aim of Self-Regulated Learning (SRL) is to facilitate life-long learning skills. Self-
regulated learning has been defined as the feelings and actions that indicate a tendency to
achieve individuals’ goals. SRL is an active, constructive process whereby learners set
goals for their learning and then attempt to monitor, regulate, and control their cognition,
motivation, and behavior .Studies carried out that focus on self-regulated learning began
in the mid-1980°s and focused on ways of supporting one’s own ability to actively
engage in one’s own learning process (Zimmerman, 2001).

The structure of the SRL process is broken into three phases: the performance phase, the
self-reflection phase and the forethought phase. The performance phase consists of a
self-control segment and a self-observation segment. During this first phase, an
individual uses a specific selected method based on his/her personal reflections on their
past performances (self-control segment). Self-observation is then utilized as one self-
tests of their chosen method in reference to the method’s success at producing the desired
results (Zimmerman, 2002).

The self-control segment of the self-reflection phase helps individuals to focus on the
task and optimize their effort. Self-control involves the use of self-instruction, imagery,
attention focusing, and task specific strategies (Schunk, 1982).

The self-reflection phase is a self-regulatory process consisting of self-judgment and self-
reaction segments. Self-judgment influences the importance one gives to fulfilling one’s
goal. One conducts a self-evaluation evaluating the temporal importance of one’s
performance and relevant results (Zimmerman, 2012).

Self-reaction concerns the use of the personal evaluation of one’s own performance and

then considering appropriate changes in such learners’ performances as well as
judgments regarding their tasks to best meet the desired outcomes (Pintrich, 2004).

The forethought phase involves task analysis and self-motivation beliefs. Task analysis
includes goal setting and strategic planning. Task analysis also involves decomposing a
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learning task and its context into constituent elements and then constructing a personal
strategy from prior knowledge of these elements (Winne and Hadwin, 1998).

One of the most important targets of education in the developing and changing world is
to raise individuals to think, explore, question, produce, decide by themselves, undertake
the responsibility of learning, control their learning processes, take part actively in such
processes, and have self-confidence in their capabilities and correctly use these
capabilities, instead of individuals raised with traditional education involving mechanical
learning. In recent years, exploration and understanding of their own learning processes
by the students as well as the support given by trainers in learning teaching environments
has gained importance with respect to achieving effective learning. It is now well-known
that the factors effective for learning are not only cognitive as affective factors also have
an important role (Tait-McCutcheon, 2008).

Pintrich (2000) however, expressed self-regulation as an active and constructive process
by which the students identify their learning objectives and regulate their cognition,
motivations, and behavior. Considering the definitions of self-regulation, the requirement
for students to play an active role in the learning processes emerges as a common point.
The individual will become aware of his/her own learning, will establish his/her own
control, and will assess himself/herself in processes in which he/she is active.

One of the fundamental factors that affect the learning process based on self- regulation is
self-regulating strategies. Self-regulation strategies are cognitive strategies such as
repetition, interpretation, and organization of the effort spent by the students when they
are accomplishing a task in the learning-teaching process (Pintrich and De Groot, 1990).

Self-regulation is in a cyclic relationship with a multitude of variables; for example, when
the self-efficacy level of the students on a subject increases, it may affect their self-
regulation skills on the subject, and using self-regulation strategies may increase their
self-efficacies, ensuring more self-regulation. From another perspective, individuals with
high academic success may ensure more self-regulation, and individuals who can self-
regulate may increase their academic success. (Bozpolat, 2016)

Zimmerman (2002) examined individual differences in academic learning through self-

regulation processes and found behavioral skill, knowledge of self-regulated learning
principles, positive self-efficacy and interest in topic are essential to self-regulation.

Bembenutty (2001) found students’ goal setting and reward possibilities act as a positive
mediator between self-efficacy and student study time.
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Schunk (2008) settled goal setting as a critical part in self-regulation skills. Goal setting
motivates people to put forth energy needed over time to meet obligations while directing
their behavior toward self-monitoring and selecting appropriate strategies that will
enhance self-efficacy and lead to attainment of goals. Inconsistency in performance, real
or imaged, and goal attainment can enhance effort if self-efficacy is high or lead to
relinquishing the goal if self-efficacy is low. According to Schunk goals must have
explicit performance criterion, be viewed as attainable within a reasonable amount of
time, and the level of difficulty of the task must be realistic if self-regulation is to
improve.

In brief, self-regulation is an important aspect to be focused in learning. It consists of
three main components, cognition, meta-cognition and motivation. Firstly, Cognition
component refers to the learner use of cognitive strategies to learn such as simple
strategies, problem solving and critical thinking. Secondly, cognitive processing
component refers to knowledge and control of cognitive skills, and usually involves
planning, monitoring, and evaluating of learning. And finally, motivation component
refers to students’ beliefs in their own ability to learn individually. Skilled learners use
these three components effectively to achieve deep and adequate understanding.

2.1.4 Mental Models:

Scientific models are defined as “specially organized representations which show aspects of
mechanism, causality, or function to illustrate, explain, and predict phenomena” (Scwarz et al.,
2009, p.634).

They are also defined as “representations that either explain or predict a scientific process or
phenomenon which can be an object, a mechanism, or an event, and is the target. A model has
various levels of abstraction of the target depending on its purpose. A non-model, however, does
not represent a target and does not serve the modeling purposes. For instance, a photo of a panda
does not have a corresponding target and has limited explanatory power” (Lee, Chang and Wu,
2015, p.3).

Maps, diagrams and tables are kinds of models which help to visualize thinking patterns
of students (Harrison and Treagust, 1998).

Schwarz et al., (2009) claimed that if students were engaged in model-based activities,
their views toward scientific modeling process will be improved.

Gobert et al., (2011) also assisted that students’ understanding of scientific models will
support their learning. Furthermore, The NRC (2012) listed students’ understanding of
models and modeling as one of the major goals of science teaching.
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Despite the variation in aspects of scientific models, Pluta, Chinn and Duncan (2011)
suggested there are four main aspects:

1- The nature of models: it reflects the content of the model, its level of complexity and
abstraction or its general characteristics.

2- The nature or process of modeling: it indicates the construction of models and their
changing nature.

3- Evaluation and revision of models: which refers to the criteria used to evaluate a
model and if it helps to achieve the purpose from it.

4- The purpose of models: This indicates the utility of models in scientific learning and
understanding. Some models may be used to communicate, predict, explain, or to test
hypotheses.

Modeling helps to provide students with strong power to let them be able to understand
complex systems, to learn concepts, and to predict hypothesis about phenomena (Hashem
and Mioduser, 2010).

Learning science by modeling is a widely used approach. Although, students’ previous
knowledge might be contradicted to the scientific models, since the models they form are
highly influenced by their beliefs, students will find it hard to learn concepts related to
models (Chi, 2005).

In order for students to construct a model, they have to build a network of concepts and
principles with clear inter-relations between them (Jacoboson and Wilensky, 2006).

However, some researchers claimed that modeling did not contribute to a lot of
understanding, since it increases the complexity and cognitive load on students (Gobert,
2003).

Mental models contribute to meaningful learning which is defined as the ability of the
learner to use his acquired knowledge to solve problems with relevant knowledge, then to
use his available mental models to solve the problems regarding the nature of the
problem. This means that the teacher have to create the active learning environment
which help the learners to use their mental models, test them, decide to let them stay and
reinforced, or to leave them and construct new ones. Furthermore, students’
understanding must be assessed using problem-based learning in which the students are
expected to show behaviors related to understanding such as calculating, predicting, and
explaining processes. Since students’ understanding requires the fact that students should
remember knowledge, then they should have the ability to use them carefully (Michael,
2004).
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A mental model is a representation in memory of information that has been acquired. It
is composed of related or linked pieces of information. There are several purposes for
mental models: they help to make decisions, processing information, selecting the
knowledge and refine it, and in organizing the newly acquired information inside the
learner’s cognitive network. In fact, the teacher must understand that any information the
student acquire is organized inside the learner as a mental model. Any learner form
special mental model for him, this model differs among learners according to their
interaction with the environment, and their previous experiences (Norman, 1983).

Lesh and Kelly (1997) claimed that humans tend to create their internal models in each
situation they face, the same thing is for students, and they create their models for any
learning environment they are engaged in.

Mental models also help the learner to organize the information he acquired, and to link
these information to other things he already knows. In addition, students’ existing mental
models can be used to make predictions, to generate explanations, to solve problems, and
to learn new ideas (Michael, 2004).

The students’ models are debutant, and not always considered true. Students’ models
differ from expert models or scientific models. Some of these differences are:

1. Scientific or expert models are complete and contain all of the elements needed to
describe the model with their inter-relations, while students’ models are incomplete with
less or absent relations and connections.

2. Scientific models aren’t contradicted and always coherent, but students’ models are not
completely consistent and often incompatible.

3. Scientific models are strongly connected to other relevant knowledge, while students’
models are rarely connected to relevant knowledge.

4. Scientific models are used effectively to solve problems, in contrast to students’
models which are frequently used to solve problems, and if the models were incorrect,
this will lead to wrong solutions (Michael, 2004).

For instance, it is crucial for the teacher to discover the learner’s model, and to decide
exactly how the model can be consistent with the scientific model. The teacher must
exactly know the components of the scientific models, their inter-relations, and the level
of complexity of the model, then the teacher has to decide how the learner can acquire the
correct and accurate model. This is of course not a simple work to perform! (Michael,
2004).
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One other property of mental models which deserves mentioning is that sometimes these
models may contain incorrect elements or relations, or they may miss important details.
In this case these mental models are referred to as misconceptions (Michael, 1998).

It is really hard to change misconceptions, they are known to be extremely resistant, and
could negatively affect further learning. Besides, the learner’s cognitive network contains
multiple models, some of them are correct, others are less correct, and others are
misconceptions. The learner’s choice to use the internal mental model depends on the
learning conditions, and to the degree of similarity between the learning environment and
student’s personal models that were constructed due to their past experiences
(Wandersee, Mintzes, and Novak, 1994).

In essence, students must be provided with opportunities to test their existing mental
models, when the students realize that their models produce incorrect answers, or fail to
make predictions about certain phenomena, students tend to replace their models with
new ones. This cycle of building models, testing and refining them must always be
available to the learner. In addition, students must acquire the skills of using mental
models in different learning conditions. For this reason, it is the responsibility of the
teacher to provide students with opportunities to practice problem solving, to test their
models, and to receive feedback about their learning tasks (Michael, 2004).

Clark and Linn (2003) asserted that models building by students will greatly influence
their understanding. Thus meaningful learning and mental model construction are closely
related terms in the active learning process.

Learning takes place only inside the learner, and only the learner can build his own model
which will be used in future learning. Although many teachers think that what they do in
the classroom makes up the students’ learning (Simon, 2001).

One example of an active learning environment is the science laboratory, when students
are encouraged to predict hypothesis or expectations about certain events using their own
mental models, then testing the model by experiment, followed by a reflection that the
student write about the similarity or difference of the right model from his model, with
the importance of giving students feedback about their performance (Michael, 1993).

Modeling can provide students with strong background to understand complex systems
that were hard to understand and predict their behavior; encourage them to ask relevant
questions, and to formulate models related to some hypotheses or theories (Blikstein and
Wilensky, 2005).
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Hashem and Mioduser (2013) articulated three categorizations for the mental models in
order to help students to understand complex systems which include different concepts,
principles, theories, and relations between them. The categorizations are structures,
behaviors, and functions; each category has its own questions. These questions are
shown in tablel.

Mental Model | Questions

Structure Describe what you see in detail (number of agents, how do agents behave before they are part of the
system, system environment)?

Function Who\what initiates the formation of the system?

Are there feedback loops within the system?

Do they amplify or control the outcome?

How do agents behave before they are part of the system?

Is the same outcome will be achieved each time the system form?

How would the system respond to environmental change, explain why?

Behavior Is there movement of the agents within the system?
How would you design such system\explain its behavior?
Is there a difference between agents and system?

What draws the system together?

Table 1. Categorization of mental model
(Hashem and Mioduser, 2013, p.81)

Many features of the complex system make it hard to understand for students, in order for
them to achieve deep understanding of any complex system or any phenomena; they have
to try to form models which help them in the learning process (Hashem and Mioduser,
2011).

However, students’ learning about complex systems is not powerful by observing the
systems, students must engage in forming models to achieve understanding of the
complex systems (Resnick, 1994).
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Norman (1983) and Buckley, Gobert, Kindfield, Horwitz, Tinker and Gerlits (2004) had
constructed a framework in order to explain the students’ perception and understanding
of certain phenomena. The frame work is shown in figure 4.

Complex phenomena
Emergence. Self-
organization, decentralized

Learner Perception
Understanding
Reasoning

g e Learning

Hypermodel

‘v{ Model operation:
! - Observation
' - Exploration
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- Development/design
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Revision
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Rejection
New information

Figure4. Learning by modeling framework
(Buckley et al., 2004, p.24 and Norman, 1983, p.19)
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[ Model formation

Prior knowledge

The framework pinpoints the cognitive organization, beliefs and thoughts, and
experiences of the learner when he forms a mental model. The hyper models are external
representations which differ from mental models that considered internal representations.
The representations are considered as models when they represent structural, dynamic,

and causal aspect of the target model (Buckley et al., 2004).

Understanding the scientific phenomena requires the formation of mental models, and
then the models will be manipulated by different processes such as problem solving,
inference, or reasoning. The mental model influence students’ perceptions of phenomena,
thus the interaction between the phenomena and students’ perception affect their current

models (Johnson-Laird, 1983).
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Clement, Glover, Ronning and Reynolds (1989) asserted that model-based learning
involves the formation, testing, and subsequent reinforcement, revision, or rejection of
mental models. This is analogous to hypothesis development and testing seen among
scientists. The learner’s prior knowledge may include a partial mental model of the
phenomenon or naive models that are incompatible with the scientifically accepted
model. If the learner’s model is used successfully to accomplish the task, the model is
reinforced.

Buckley (1992) assisted that in order for students to learn about phenomena in response
to the demand of the learning tasks, they have to link between their prior knowledge and
the new information.

However, if inconsistencies or deficiencies in the model are noted the learner may reject
the model and form a new one, or revise the initial model (Chinn and Brewer, 1993).

Model revision may involve modifying parts of the existing model or elaborating the
model by adding to or combining existing models. Embedding a model in a larger model
is an example of elaboration (Monaghan and Clement, 1994).

Meta-cognitive processes such as selecting which perceptual cues to attend to, directing
interactions with representations and phenomena during learning and inquiry, and
monitoring the results of those interactions and the evaluation of one’s model also play an
important part in model-based learning as do reasoning processes such as hypothesis
generation from the model, testing that hypothesis, and interpreting the data that are
among higher order inquiry skills. Thus, the mental model evolves through multiple
recursions as it is made increasingly complex and, hopefully, more accurate (Johnson-
Laird, 1983).

To summarize, it is crucial for the teacher to help learners to learn. Personal learning
involves constructing of the learner’s mental model which might be incorrect and
inconsistent with the scientific model. In many cases, the learners constitute wrong or
incomplete information about certain topic, which is known as misconception.
Misconceptions are common among learners; they even don’t try to change them because
they sometimes lead to right answers. The role of the teacher is to determine how to help
students build scientific models and refine incorrect models.
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Due to the importance purposes for the mental models that the literature provides, the
researcher decided to study whether these mental models can be discovered and replaced
by correct models using appropriate methodologies.

2.2 Related Studies:

This section includes previous related studies about argumentation; write to learn
strategy, self regulation, and mental models. In addition, the researcher suggested
comments about these studies.

2.2.1 Related studies about argumentation:

Cetin, Metin, Capkinoglu and leblebicioglu (2016) conducted a study in Turkey. The
study aimed at seeking the trace of argumentation in Turkish Elementary and Secondary
Science Curriculum developed by the Turkish Ministry of Education with an emphasis on
inquiry-based learning. The aim is to investigate learning outcomes that might be
conducive to argumentation. For data analysis, latent content analysis was used, by
means of which the researchers looked for the underlying meaning of the words in
learning outcomes.The categorization framework was designed to include argumentation,
the nature of science, content of the learning outcomes, domain of the learning outcomes,
and the relationship between argumentation and the nature of science. The sample was
composed of elementary school for grades 1-4, secondary school for grades 5-8, and high
school for grades 9-12. The results showed that the distribution of explicit and implicit
argumentation elements, the nature of science aspects, and socio-scientific issues are high
in 4th and 5th grades (the percentage of argumentation elements was higher in 4th (31%)
and 5th (41%) grades). Argumentation elements exist explicitly or implicitly in all
grades, but there is not a clear pattern in their distribution across grades. They occur more
frequently in the domain of earth and space learning. Approximately 28% of the learning
outcomes of life science, 20% of the learning outcomes of matter and change, and 21% of
the learning outcomes of physical science include argumentation elements.

Moreover, Cigdemoglu, Arslan and Cam (2016) implemented a study in Turkey aimed at
revealing the effect of argumentation on the domains of literacy. Therefore, they
proposed to reveal the effect of argumentation on three domains of chemical literacy
related to acids and bases concepts. Participants were 29 freshman pre-service science
teachers’ enrolled in a General Chemistry-1l course. Argumentation practices were
implemented throughout six weeks. Open-ended contextual chemical literacy items were
developed to assess the difference in chemical literacy domains and the items were
administered before and right after the intervention. Responses to chemical literacy items
were scored with a rubric and three scores were calculated; knowledge, competency and
attitudes. Paired sample t-tests were used to compare the mean scores. All intervention
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sessions were video recorded and three of them were analyzed according to three criteria,
the presence of arguments, the frequency of arguments, and the levels of arguments.
Independent sample t-test was used to analyze data. The results indicated that there is no
a significant difference between pre-test scores in terms of content knowledge scores [t
(54) = -.155, p>0.05], competency scores [t (54) = .466, p>0.05], and attitude scores [t
(54) = 10.537, p>0.05]. The findings reveal that argumentation practices contributed to
pre-service teachers’ chemical literacy skills, mostly to their knowledge and
competencies when compared to attitudes. Also, distinct differences in the quality of
argumentation levels were observed through weeks.

Furthermore, Knight and McNeill (2015) executed a study in New England; the study’s
purpose was to investigate the similarities and differences in the ways students construct
collaborative oral and individual written socio-scientific arguments and to check the
quality of their argument. The study was preceded with one middle school class in an
urban New England school district. Data sources consisted of transcripts from three
videotaped lessons and associated student work. Three scientific argumentation lessons
were observed. The teacher, who previously participated in a workshop about teaching
argumentation, was requested to provide opportunities for oral argumentation products
for whole class and/or small group, in addition to written products. While the written
products were individually constructed, the oral arguments were collaboratively
constructed and presented by small groups. The sample consisted of 17 students at 7™
grade (9 females and 8 males). The sophistication of both the collaborative oral and
individual written argument products were analyzed using a proposed learning
progression. Results suggested that the students’ collaborative oral arguments tended to
be of lower sophistication whereas the individual written arguments tended to be of
higher sophistication; however both modalities tended to include inappropriate
justifications. Moreover, in the written arguments it was easier for students to include a
rebuttal than limit their argument to using only appropriate justifications. These findings
suggest that there are both commonalities and differences across the expressive
modalities that can be targeted in an effort to strengthen the quality of students’
arguments.

Archila (2014) implemented a study in Colombia in order to know how a group of pre-
service chemistry teachers has been prepared to promote students’ argumentation. A
Chemistry degree studies plan from a Colombian university was surveyed, and 18 future
teachers’ representations about argumentation were analyzed. Firstly, one program
offered to future chemistry teachers was surveyed to determine if argumentation was
included implicitly or explicitly. Secondly, a questionnaire was applied to 18 pre-service
chemistry teachers from ninth semester. Results indicate argumentation is not an explicit
priority for the pre-service chemistry teachers training program studied. Additionally,
future teachers showed consciousness about the necessity of being prepared to engage
students successfully in argumentative activities. Results confirm the mayor difficulties
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future chemistry teachers have to use pedagogical and didactic tools that enable them to
promote argumentative abilities (among others) in students. Nonetheless, pre-service
chemistry teachers manifest not to know how to design multiple methodologies to
improve argumentation. Therefore, one of the multiple proposals of solution could be the
incorporation of a module that allows pre-service chemistry teachers to build their own
strategies to promote argumentation.

Heng, Surif and Seng (2014) accomplished a study in order to investigate the mastery
level of scientific argumentation, based on Toulmin's Argumentation Model, when
students engage in individual and group argumentations. A total of 120 students(62
female and 58 male), selected from four schools, and were selected and were first
randomly divided into two groups to answer the Scientific Argumentation Test .One
group of students answered individually, while the other group was allowed to
collaborate among group members. To achieve the purpose of the study three instruments
were used, the scientific argumentation test, the student semi structured interview and
teacher semi structured interview which were also conducted on a selected group of
students and their teachers to gather additional information to support the data. The t-test
was carried out to evaluate the differences in students’ mean score. The results indicated
significant differences (t = -3.064, df = 118, p < .05). The mean difference of -6.298
showed that students in group argumentation performed better than students engaged in
individual argumentation. Similar results were also obtained when the data was analyzed
with the chi-square test, where 2 (3, N = 120) = 23.23, p<.05. In comparison, the
mastery level of scientific argumentation for students involved in group argumentation
was moderate (y2 (2, N = 60) = 19.20, p<.05), whereas the mastery level for students
engaged in individual argumentation was weak (2 (3, N = 60) = 49.20, p<.05). The
findings showed that there is a significant difference in the mastery level of scientific
argumentation between groups and individuals. Students who participated in group
argumentation tend to perform better than those who participated in individual
argumentation. However, the mastery level of scientific argumentation for both groups of
students was generally unsatisfactory. Therefore, the teaching and learning of science in
Malaysian schools need to emphasize more on group argumentative activities to enhance
students' mastery of scientific argumentation, which will also their reasoning capabilities
and scientific knowledge.

Cetin (2013) implemented a study about explicit argumentation instruction to facilitate
conceptual understanding and argumentation skills; the purpose of the study was to
investigate the effects of argumentation-based chemistry lessons on pre-service science
teachers’ understanding of reaction rate concepts, their quality of argumentation, and
their consideration of specific reaction rate concepts in constructing an argument.
Moreover, students’ perceptions of argumentation lessons were explored. The sample of
the study composed of 116 participants (21 male and 95 female), who were pre-service
first-grade science teachers from a public university. The participants were recruited from
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the two intact classes of a General Chemistry Il course, both of which were taught by the
same instructor. Non-equivalent control group design was used as a part of quasi-
experimental design. The experimental group was taught using explicit argumentation
activities, and the control group was instructed using traditional instruction. The data
were collected using a reaction rate concept test, a pre-service teachers’ survey, and the
participants’ perceptions of the argumentation lessons questionnaire. For the data
analysis, the Wilcoxon Signed Rank Test, the Mann—Whitney U-test and qualitative
techniques were used. The results of the study indicated that an argumentation-based
intervention caused significantly better acquisition of scientific reaction rate-related
concepts and positively impacted the structure and complexity of pre-service teachers’
argumentation. Moreover, the majority of the participants reported positive feelings
toward argumentation activities.

Abi ElI Mona and Abd EI Khalick (2011) conducted a study aimed to elucidate college
freshmen science students, secondary science teachers, and Scientists’ perceptions of
‘scientific’ argument; to compare participants’ perceptions with Stephen Toulmin’s
analytical framework of argument; and to characterize the criteria that participants
deployed when assessing the ‘quality’ or ‘goodness’ of arguments. (30) Students,
teachers, and scientists, with 10 members in each group participated in two semi-
structured individual interviews which served as the instruments of the study. Participants
included three groups of 10 members each drawn from a Midwestern university in the
USA and its neighboring communities. Participants were mainly self-selected; they were
drawn from a pool of individuals who responded favorably to an invitation to partake in
the study. First, all participant college freshmen students (seven males and three females)
had completed at least two years of high school science. Their ages ranged from 18 to 19
years. The second participant group was secondary science teachers (five males and five
females), and the third participant group comprised 10 scientists (four males and six
females). During the first interview, participants generated an argument in response to a
socio-scientific issue. In the second interview, each participant ‘evaluated’ three
arguments generated by a member from each participant group without being privy to the
arguer’s group membership. Interview transcripts were qualitatively analyzed. The
findings point to both similarities and differences between participants’ conceptions of
argument and those based on Toulmin’s analytical framework. Participants used an array
of common and idiosyncratic criteria to judge the quality or goodness of argument.
Finally, contrary to expectations, participants independently agreed that the ‘best’
arguments were those generated by participant science teachers.

McNeill (2011) accomplished a study aimed at investigating 5th grade students’ views of
explanation, argument, and evidence across three contexts; what scientists do, what
happens in science classrooms, and what happens in everyday life. The study also
focused on how students’ abilities to engage in one practice, argumentation, changed over
the school year. Multiple data sources were analyzed. The study took place in an
elementary school in a large urban school district in New England with grades 3-5
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elementary science specialist. The instruments used were: pre and post student
interviews, videotapes of classroom instruction, and student writing. The results from the
beginning of the school year suggested that students’ views of explanation, argument, and
evidence, varied across the three contexts with students most likely to respond ‘I don’t
know’’ when talking about their science classroom. A sample of 23 students was
interviewed at both the beginning and end of the school year. Students had resources to
draw from both in their everyday knowledge and knowledge of scientists, but were
unclear how to use those resources in their science classroom. Students’ understandings
of explanation, argument, and evidence for scientists and for science class changed over
the course of the school year, while their everyday meanings remained more constant.
This suggests that instruction can support students in developing stronger understanding
of these scientific practices, while still maintaining distinct understandings for their
everyday lives. Finally, the students wrote stronger scientific arguments by the end of the
school year in terms of the structure of an argument, though the accuracy,
appropriateness, and sufficiency of the arguments varied depending on the specific
learning or assessment task. This indicates that elementary students are able to write
scientific arguments, yet they need support to apply this practice to new and more
complex contexts and content areas.

Erduran, Ardac and Yakmaci-Guzel (2006) performed a case study for the promotion of
argumentation in pre-service science teachers. The participants consisted of (17) trainee
teachers (12 females and 5 males) enrolled in a science teacher certification course at an
English medium university. The pre-service teachers were trained over a 6 weeks period
during the spring term of the 2005-2006 academic year. For the purposes of the present
study, the pre-service teachers were expected to plan and implement at least one out of
the three lessons as an argument lesson. Pre-service teachers were further familiarized
with Toulmin’s Argument Pattern (TAP) (1958) which is subsequently used to identify
the structure of arguments manifested throughout each lesson. Case studies of two
Turkish teachers are used to illustrate how teachers structure lessons and support
argumentation in secondary science classrooms after a series of training sessions. The
teachers applied their lesson plans about argumentation at in Istanbul secondary schools.
The data sources were teacher talk, student group talk, students’ written work, teacher
lesson plans, and teacher interviews after training and teacher written responses to
argument questions. Results indicated that the teachers incorporated those features of
pedagogical strategies (e.g. group discussions and presentations) targeted by the training.

Driver, Newton and Osborne (2000) carried out a pilot study in the United Kingdom
aimed at determining the extent if which young students are given adequate opportunities
to practice argumentation during their science learning. The tool of the study was a
systematic observation study of 34 science lessons in secondary schools in the Greater
London area involving classes of students between the ages of 11 and 16 years (years 7—
11).The case is then advanced that any education about science, must give the role of
argument a high priority if it is to give a fair account of the social practice of science, and
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develop a knowledge and understanding of the evaluative criteria used to establish
scientific theories. Such knowledge is essential to enhance the public understanding of
science and improve scientific literacy. The researchers developed and used an
observation schedule to record student activities and the nature of student—teacher
interactions throughout each lesson at 30-second intervals. The results indicated that very
little opportunity is given by teachers for students to discuss ideas in groups, or for whole
class discussions about the interpretation of events, experiments, or social issues. In the
34 lessons there were only two cases in which the teacher set a group discussion task and
these discussions lasted. Less than 10 minute each. The dominant form of interaction in
the classrooms was teacher talk. Where opportunities were given for students to work in
groups, for example, on practical tasks, these were rarely organized in such a way as to
encourage substantive discussion of the science involved. Instead, student talk focused on
procedural aspects of the practical work. In cases in which the teacher did give students
opportunities for discussion, little guidance was given on how to undertake it effectively
and the student groups observed had some difficulties in managing the social aspects of
the discussion. Furthermore, the case is advanced that the lack of opportunities for the
practice of argument within science classrooms, and lack of teacher’s pedagogical skills
in organizing argumentative discourse within the classroom are significant impediments
to progress in the field.

2.2.2 Related studies about “write- to- learn strategy”:

Weston-Sementelli, Allen and McNamara (2016) implemented a study in Arizona State,
to examine the impact of reading, writing, and blended (reading and writing) strategy
training on students’ performance on a content specific source-based essay writing task.
In contrast to general source-based writing tasks, content-specific source-based writing
tasks are tasks where writers are provided with the source material on which to base their
essays. The sample consisted of 175 undergraduate psychology students for credit in their
Psychology 101 course and was randomly assigned to one of the four conditions: no
instruction control groups, reading only, writing only, or combined instruction, and were
provided with strategy instruction and practice in the context of two intelligent tutoring
systems. The instruments of the study were pre-test, writing essay and reading test;
students first completed a pretest, which was comprised of demographic, motivation, and
self-efficacy measures. Participants then completed a timed (25 min) SAT-style essay
followed by reading Test .Results indicated that participants in the blended strategy
training condition produced higher quality source-based essays than participants in the
reading comprehension-only, writing-only, or control condition, with no differences
observed between the latter three conditions. Further, the benefits of this blended strategy
instruction remained significant regardless of prior reading and writing skills, or time on
task.

46



Abu- Nimah (2015) conducted a master thesis about “The effect of using the Survey
Question Predict Read Respond Summarize (SQP2RS) via write to learn strategy to 10™
graders’ reading comprehension and reflective thinking”. The study has been applied on a
purposeful sample of 10th grade students in public schools, in Bethlehem district in the
academic year 2015/2016. The sample included (139) students (61 males and 78 females)
at AL-Awda Basic School for Girls, Bethlehem Secondary Boys’ School. Students were
assigned to experimental and control groups, the experimental group was taught by using
the “SQP2RS via WTL” strategy and the control group was taught by the traditional
method. The researcher has prepared two tests: A reading comprehension achievement
test and a reflective thinking questionnaire. The findings of the study showed that there
were statistically significant differences in the mean scores of 10th graders’ reading
comprehension in the English language due to the teaching method in favor of the
experimental group, the level of pre-achievement in favor of the high achievement group,
the interaction between group and gender in favor of the female in the experimental
group, the interaction between group and level of pre-achievement in favor of the high
achievement in the experimental group, the interaction between gender and level of pre-
achievement in favor of the male in the high achievement group and the interaction
between group, gender and level of pre-achievement in favor of the high achievement
male students in the experimental group. And there were no statistically significant
differences in the mean scores of 10th graders’ reading comprehension in the English
language due to gender. The findings showed also that there were statistically significant
differences in the mean scores of 10th graders’ reflective thinking in the English
language due to the teaching method in favor of the experimental group, the gender in
favor of male and the interaction between group and gender in favor of the male in the
experimental group. And there were no statistically significant differences in the mean
scores of 10th graders’ reflective thinking in the English language due to the level of pre-
achievement, the interaction between group and level of pre-achievement, the interaction
between gender and level of pre-achievement and the interaction between group, gender
and level of pre-achievement.

In a study done by Koster, Tribustinina, De Long and Van den Bergh (2015) in
Netherlands, In order to identify effective instructional practices of writing at schools, the
researchers conducted a meta-analysis of writing intervention studies. The sample of the
study involved students in the upper grades of elementary school (grade 4-6) in a regular
school setting. Experimental or quasi-experimental studies in which at least two
instructional conditions were compared: an experimental condition and a control
condition. The instrument used in the study was a posttest, as this provided the best
indication of the impact of an intervention on students’ writing performance. Average
effect sizes were calculated for ten intervention categories: strategy instruction, text
structure instruction, pre-writing activities, peer assistance, grammar instruction,
feedback, evaluation, process approach, goal setting, and revision. Five of these
categories yielded statistically significant results. Pair wise comparison of these
categories revealed that goal setting (ES = 2.03) is the most effective intervention to
improve students’ writing performance, followed by strategy instruction (ES = .96), text
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structure instruction (ES = .76), peer assistance (ES = .59), and feedback (ES = .88)
respectively.

In a study conducted by Atasoy (2013) in order to identify the effect of writing to learn
strategy on undergraduates’ conceptual understanding of electrostatics. The sample of the
study consisted of 54 students (26 experimental group, and 28 control group) prospective
elementary school mathematics teachers from two classes of physics Il course. The
conditions were to let the experimental group conduct writing to learn activities, while
the control group will be taught by traditional methods like questioning. The instrument
used in this study was an electrostatics conceptual text. The data were analyzed both
quantitavely and qualitatively. The results of the study showed that there was a
significant difference between the levels of improvement of conceptual understanding in
the experimental group.

Graham and Perin (2007) carried out a study in order to identify effective instructional
practices for teaching writing to adolescents, the authors conducted a meta-analysis of the
writing intervention literature from grades 4 to 12 in New York schools, focusing their
efforts on experimental and quasi-experimental studies. They located 123 documents that
yielded 154 effect sizes for quality of writing. Each study in this meta-analysis compared
at least two groups of students who received different instructional conditions. The
authors calculated an average weighted effect size (presented in parentheses) for the
following 11 interventions: strategy instruction (0.82), summarization (0.82), peer
assistance(0.75), setting product goals (0.70), word processing (0.55), sentence
combining (0.50), inquiry (0.32),prewriting activities (0.32), process writing approach
(0.32), study of models (0.25), grammar instruction(— 0.32).

Kieft, Rijlaarsdam, and Bergh (2007) carried out a research in Netherlands, their purpose
was to examine the effect of writing to learn course on students’ abilities to write short
literary stories. The experiment took place at three different high schools in three
different regions of the Netherlands, 220 students from the 8" grade were involved,
experimental group who will be taught by intensive writing to learn strategy and control
group who will be taught in normal strategy were both assigned randomly. The
researchers used a pre and post test to evaluate students’ abilities to write short literature
stories and used a questionnaire of 26 items measured students’ planning and revising
writing strategies in the pretest and posttest. Cronbach’s alphas for these two scales were
(.75). The results of the writing questionnaire which measures students’ level of planning
strategy and level of revising writing strategy showed that writing strategy was a rather
stable characteristic of students correlations between pretest and posttest: for planning
strategy,( r = .55, p < .001), and for revising strategy,( r = .53, p < .001). Furthermore,
there was a small but significant correlation between pretest and posttest on literary
interpretation skill (r = .20, p =.03).
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2.2.3 Related studies about Self-Regulation:

Cetin (2017) carried out a study to determine whether perceived levels of self-regulated
learning and meta-cognition predicted the ultimate grade point average (GPA) attained by
206 female and 70 male college seniors (aged 21 to 27) finishing their elementary
education teaching certification studies at a university in Turkey. Data regarding
individual levels of meta-cognition were collected through the administration of the
“Meta-cognitive Skills Inventory for Adults”. A separate scale was administered to the
same set of participants to obtain levels of perceived self-regulated learning. Findings
indicated that students’ self-regulated learning and meta-cognition total scores are
correlated with each other, but neither scale was predictive of the students’ GPAs at a
significant level in the hypothesized positive direction. Interestingly, self- regulated
learning scores were significantly related to GPA but in a negative direction. The GPAs
of students significantly and negatively correlated with self-regulated learning total
scores (p<.05). The GPAs of students did not significantly correlate with meta-cognition
total scores. There were statistically significant correlations between meta-cognition and
self-regulation learning total scores (p<.01). And to investigate how meta-cognition and
self-regulated learning together could predict GPAs, the overall model generated [F (2-
275) = 1.914, p >.005] indicated that meta-cognition and self-regulation learning total
scores together did not predict students’ GPAs. Total scores obtained from the meta-
cognition and self-regulated learning scales together explained .048 % of the variance in
GPAs.

In a recent study done by Yang, Liu, Fang, Chung-Yuan, Guo-Li, Ying-Tien, Min-Hsien
and Tsai (2017) in order to develop and validate an online contextualized test for
assessing students’ understanding of epistemic knowledge of science (EKS). In addition,
how students’ understanding of epistemic knowledge of science interacts with learner
factors, including time spent on science learning, interest, self-efficacy, and gender, was
also explored. The participants were 489 senior high school students (244 males and 245
females) from eight different schools in Taiwan. About 57 % of the participants were
10th graders (151 males and127 females), 17 % were 11th graders (50 males and 34
females), and the rest were 12" graders (43 males and 82 females). The researchers first
identified six factors of EKS, such as: 1-status of scientific knowledge, 2-the nature of
scientific enterprise, 3-measurement in science, 4-use of models in science, 5-reasoning
and argumentation in science, and 5- role of empirical inquiry. An online test was then
used for assessing students’ understanding of the epistemic knowledge of science. Also, a
learner-factor survey was developed by adopting previous survey items to measure the
learner factors. The results of the study show that: firstly, the results of the correlation
analyses show that the six EKS factors inter-correlate with each other to form an
individual’s belief system. All of the EKS, except for EKS 4 (Model use) have medium
to high correlations with one another (r = 0.33, p < 0.001). EKS 1 (Status) and EKS 3
(Measurement) have the strongest association (r = 0.70, p < 0.001). Secondly, the result
of the correlation analysis of the learner factors and EKS indicated that two of the learner
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factors, students’ interest in learning science (interest) and their time spent on science
learning (TSSL), were positively correlated to all EKS factors. In particular, the
enterprise factor (EKS 2) had medium correlations with these two learner factors.
Moreover, the other two learning-related factors (i.c., students’ self-efficacy for learning
science and their frequency of participating in extracurricular science activities) were
positively correlated to EKS 2. Accordingly, the enterprise factor (EKS2), which reflects
the social aspect of scientific inquiry, could be regarded as a vital factor related to the
four learning-related factors. Significant gender differences were found in EKS2 and
EKS3. More specifically, the female students were more likely to have higher scores in
understanding the nature of scientific enterprise (EKS 2) and the measurements in science
(EKS 3) than the male students were. However, no gender differences were found in the
two dimensions of epistemic knowledge of science.

Mang, Zheng, Liang, Zhang and Tsai (2016) conducted a study aimed at investigating the
relationships among Chinese high school students’ conceptions, self regulation, and
strategies of learning science. The sample of the study included 333 8™ grade students,
made up of a similar number of participants from each of six different junior high schools
in Beijing. Three questionnaires were used to achieve the study’s purpose. The results of
the study showed that learners with higher level conceptions were positively related to
their basic self regulations and advanced self regulations (path coefficient=0.39, 0.36
respectively, P<0.001) in the self regulation of learning science. Furthermore, the higher
level conceptions are significantly positive factors for predicting deep strategy (path
coefficient=0.18, P<0.05), but negative factors for explaining surface strategies such as
minimizing scope of the study and rote learning (path coefficient=-0.18,- 0.19
respectively ,P<0.05) . Also, a relation were revealed between students self regulation
and strategies, basic self regulations is a positive factor for explaining deep strategy (path
coefficient=0.23 P<0.01) and rote learning (path coefficient=0.14, P<0.05). However
learners with lower level of conceptions, namely memorizing, testing, practicing and
calculating have a direct connection with their surface learning strategies such as
minimizing scope of the study and rote learning(path coefficient=0.55,0.62
respectively<0.001) and learners with lower level of conceptions were neither related to
the self regulation nor the deep strategy.

Bozpolat (2016) conducted a study in order to reveal whether the low, medium, and high
level self-regulated learning strategies of third year students at the Education Faculty of
Cumhuriyet University can be predicted by the variables of gender, academic self-
efficacy, and general academic average. The study uses the Relational Screening Model.
The dependent variable of the study was the “self-regulated learning strategies” of the
students and the independent variables were gender, academic self-efficacy, and general
academic average. The universe of the study consisted of 1398 third year students from
11 departments of the Education Faculty of Cumhuriyet University. The sample of the
study consisted of 826 third year students from 11 departments of the Education Faculty
of Cumhuriyet University, all chosen by simple random sampling. In the study, as a tool
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for data collection, the “Academic Self-Efficacy Scale” was used to identify the academic
efficacies of the students, and the “Self-Regulated Learning Strategies Scale” was used to
identify the self-regulated learning strategies of the students. In the analysis of the data, a
clustering analysis of the dependent variable and the three-category ordinal logistic
regression analysis were used since it was ordered. On examining the results of the
logistic regression analysis, it could be seen that gender, general academic average, and
academic self-efficacy of the students predicted the self-regulated learning strategies to a
significant level. For example, students with a high level of self-regulated learning
strategy were taken as the “reference category.” The coefficients obtained in accordance
with this reveal the effect of students on the probability of having a high level of self-
regulated learning strategy. Significance analyses of the model parameters reveals that
the variables gender (p = .000), academic self-efficacy (p = .000), and general academic
average (p =.002) are significant on self-regulated learning strategies.

Sadi and Dagyar (2015) examined the relationships among epistemological beliefs,
conceptions of learning, and self-efficacy for biology learning with the help of the
Structural Equation Modeling (SEM) in Anatolian High Schools in Turkey. Three
questionnaires, the epistemological beliefs, the conceptions of learning biology and the
self-efficacy for learning biology, have been used to investigate 384 high school students'
epistemological beliefs, conceptions of learning, and self-efficacy for learning biology,
respectively. The participants in this study included 384 high school students (198 males
and 186 females). The results indicate that the students' epistemological beliefs about the
source/certainty, justification, and development of biology knowledge have some direct
and positive relations with some factors of conceptions of learning. Moreover, it has been
found that those students' epistemological beliefs about justification and development,
and their conceptions of learning about applying, understanding, and seeing in a new way
directly and positively relate to the students' self-efficacy for learning. Only the
source/certainty of knowledge directly and negatively relates to the students' self-
efficacy. In addition, the students' epistemological beliefs play an indirect role in the
students' self efficacy through the mediator of conceptions of learning. Thus, all these
information about the students' epistemological beliefs, conceptions of learning and self-
efficacy for biology learning are required for an effective teaching and learning process.

Zimmerman and Kitsantas (2014) performed a study in an attempt to compare students’
self-discipline and self-regulation measures and their prediction of academic achievement
.The sample involved 507 high school students and their teachers. The researchers
compared prediction of these students’ academic achievement by a composite of
students’ and teachers’ measures of students’ self-regulation (SR) with a composite of
students’ and teachers’ measures of students’ self-discipline (SD). The sample of the
study consisted of 526 students that were selected from 9 to 12 grades in high schools in
New York; they ranged in age from 15 to 19 years with a mean age of 16.8 years.
Students were drawn from four high school grades: 28% grade 9, (N = 148); 20% grade
10, (N = 106); 24% grade 11, (N = 125); and 28% of the students were in grade 12, (N =
144). Three questionnaires were used to measure students’ self discipline and self
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regulation, one questionnaire students answer, the second is answered by teachers, and
the third by parents. Hierarchical regression analyses revealed that the SR composite was
more predictive of students’ grade point average and performance on a state-wide
achievement test than the SD composite. Confirmatory factor analyses showed that,
although SD and SR latent factors correlated significantly, a two-factor solution provided
an acceptable fit for the results. Structural Equation Modeling analyses indicated that the
SR latent factor predicted both measures of students’ achievement significantly, but the
SD factor did not predict either achievement measure significantly. No significant gender
differences were found with students’ SD, SR, or achievement measures. These results
suggest a path for integrating two relatively separate streams in self-regulation research
on the basis of a well-established distinction between learning and performance
processes.

A Doctoral thesis was conducted by Gaythwaite (2006). The purpose of the study was to
investigate whether meta-cognitive self regulation, Self-efficacy for learning and
performance, and critical thinking could be identified as predictors of student academic
success and course retention among community college students enrolled in online,
televised viewing course, and public speaking courses. The study was conducted at
Valencia Community College. Data for this study were collected from participating
students enrolled in either one of the two online, two televised viewing courses, and two
traditional face-to-face public speaking courses chosen for analysis. Fifty-seven
participants answered Motivated Strategies for Learning Questionnaire (MSLQ).
Quantitative statistical analysis was used to investigate the impact of meta-cognitive self
regulation, self-efficacy for learning and performance, and critical thinking on academic
success and course completion in the three delivery modes. Data were analyzed and
found self-efficacy was a significant predictor of final course grade. A correlation was
performed among final course grade percentage and the variables (self-efficacy, self-
regulation, and critical thinking). When final grade is correlated with self-efficacy there is
a significant relationship (R = .458, p < .01). There is also a significant relationship (r =
.714, p < .01) between self-regulation and critical thinking. A correlation was performed
among informative speech grade and the variables (self-efficacy, self-regulation, and
critical thinking). When informative speech grade is correlated with self-efficacy there is
a significant relationship (R = .137, p < .05). No other variable was a statistical
significant predictor of informative speech grade. And There was no statistically
significant difference (F = .939, df = 2, 54, p >.05) in instructional method when
accounting for the nesting of self-efficacy, self regulation, and critical thinking.
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2.2.4 Related studies about mental models:

In a study accomplished by Lee, Chang and Wu (2015) in Taiwan to examine the
potential impact of the representational characteristics of models and students’
educational levels on students’ Views of Scientific Models and Modeling (VSMM). An
online multimedia questionnaire was designed to address three major aspects of VSMM,
namely the nature of models, the nature of modeling, and the purpose of models. The
three scales of representational characteristics included modality, dimensionality, and
dynamics. A total of 102 eighth graders and 87 eleventh graders were surveyed. Both
quantitative data and written responses were analyzed. The influence of the
representational characteristics seemed to be more prominent on the nature of models and
the purpose of models. Some interactions between the educational levels and the
representational characteristics showed that the high school students were more likely to
recognize textual representations and pictorial representations as models, while also
being more likely to appreciate the differences between 2D and 3D models. However,
some other differences between educational levels did not necessarily suggest that the
high school students attained more sophisticated VSMM. For instance, in considering
what information should be included in a model, students’ attention to particular
affordances of the representation can lead to a more naive view of modeling. Implications
for developing future questionnaires and for teaching modeling are suggested in this
study.

Schwartz and Skjold (2012) described the instruction and effectiveness of teaching about
the nature of scientific models in the context of an undergraduate science course for
future elementary and middle school teachers in Western Michigan University. The
sample of the study was 71 under graduate science teachers studying at Western
Michigan University. The instruments of the study were an interview about views of
scientific inquiry. Results indicated that participants initially considered models to be
physical representations of objects to be visualized, the process scientists use to do an
experiment, and a chart scientists use to record data. Posttests interview indicated
increased recognition of models as representations of scientists’ ideas and explanations of
processes. Despite explicit instruction, few came to understand the role of models in
making and testing predictions.
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In a study implemented by Hashem and Mioduser (2011) which describes a part of a
project about Learning by Modeling (LbM) in Jerusalem. This study investigates the
effect of different modes of involvement in exploring scientific phenomena using a
computer agent-based modeling tool on students’ understanding of complexity concepts.
Participants are 121 undergraduate students (ages ranging from 18 to 20 years old) from
the science department at Al-Quds University in Jerusalem, divided into four groups by
the kind of involvement in working with models: observation, exploration, manipulation,
and model-development modes. The students were selected based on their scientific
background, all have done the tawjehi exam as required by the ministry of education for
the scientific track, and they are all studying first year compulsory science courses in the
faculty of science. The instruments of the study were pre- test to check the students’
background, structured observation and data forms, and mental model worksheet
Quantitative and qualitative methods are used to report about 121 freshmen students that
engaged in participatory simulations about complex phenomena, showing emergent, self
organized and decentralized patterns. Results show that there is an increase in students’
understanding of complexity concepts in all four groups (observation, exploration,
manipulation, and development and design). Significant difference was observed (paired-
samples t test) between the pre-test and post-test. Moreover, there is a significant
relationship between the modes of involvement and understanding complexity concepts
(2 (df = 25) = 137.643, p < .001). Concerning the tasks complexity level (complicated
vs. complex models) results showed significant relationship between the different modes
of involvement and understanding complexity concepts for the complicated model (2 (df
= 25) = 85.216, p < .001) and for the complex model (32 (df =25) =120.128, p<.001).

A research addresses high school students’ understandings of the nature of models, and
their interaction with model-based software in three science domains, namely Biology,
Physics, and Chemistry were accomplished by Gobert, O’Dwyer, Horwitz, Buckley,
Levy, and Wilensky, (2011) in United States. All the students in the study were in high
school, the grade levels ranged from the 9th through the 12th grade (420 physics students,
218 chemistry students, and 98 biology students from our 13 Partner schools). Data from
736 high school students’ understandings of models were collected using the Students’
Understanding of Models in Science (SUMS) survey as part of a large scale, longitudinal
study in the context of technology-based curricular units in each of the three science
domains. The results of ANOVA and regression analyses showed that there were
differences in students’ pre-test understandings of models across the three domains, and
that higher post-test scores were associated with having engaged in a greater number of
curricular activities, but only in the chemistry domain Models as Multiple
Representations (MR) (2, 733; F = 3.12; p < .05), and Uses of Scientific Models (USM)
(2, 733; F = 3.65; p < .01). For these three constructs, post-hoc tests revealed significant
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differences between the pre-test means in physics and biology; additionally, for the Uses
of Scientific Models subscale, significant differences were observed between chemistry
and biology as well as between physics and biology. There were no statistically
significant differences found for the subscales Models as Exact Replicas (ER) or
Changing Nature of Models (CNM) across any of the three domains. The analyses
revealed statistically significant differences between pre-test means across the domains,
namely, Models as Explanatory Tools (ET) (2, 733; F = 4.36; p < .05).

A study made by Chiilebrough and Treagust (2009) in Australia to investigate students’
views on models in science and to propose a framework to show how models are
involved in learning. The results show that students’ understanding of the role of models
in learning science improved in later grades, and that many students were able to
distinguish the purpose of scientific models from teaching models. Participants of the
study included 210 students from three different schools and across four year levels; they
were from 8", 9th, 10th and 11" grades. The instrument of the study was an exam named
as “My Views Of Models in Science” (MVOMS). The results are used to identify the
criteria students use to classify models and to support pedagogical approaches of using
models in teaching science. The responses showed that a majority of students (>70%)
view models as a representation of ideas or how things work; that there could be many
other models to explain ideas; and that models are used to explain scientific phenomena.
An independent t-test performed on the six items found that only item 5 was statistically
significantly different (p < 0.05) in respect of gender. In that item, the female students
responded more positively, demonstrating a more scientifically sophisticated view of
models. An ANOVA analysis on the results for each item with respect to year level
showed statistically significant differences (p < 0.05) between the year levels for items 1
and 2. For both items there was an increase in the number of students choosing the more
scientifically valid response with age.

Buckley, Gobert, Kindfield, Horwitz, Tinker, and Gerlits (2004) conducted a research
study in 15 schools across the United States as part of a project called modeling across
the curriculum which is a large scale research study. Data were collected in multiple
classes from one middle school and eight high schools. The data presented in this study is
based on a hyper model, interactive environment for learning genetics, which was
implemented in multiple classes in eight high schools. Biology activities, data logging,
and assessments were refined across this series of implementations. All students took a
genetics content knowledge pre- and post-tests. Traces of students’ actions and responses
to computer-based tasks were electronically collected (via a “log file” function) and
systematically analyzed. An intensive 3-day field test involving 24 middle school
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students served to refine methods and create narrative profiles of students’ learning
experiences, outcomes, and interactions with biology. Researchers report on one high
school implementation and the field test as self-contained study to document the changes
and the outcomes at different phases of development. An Analysis of Variance
(ANOVA) was computed in order to determine whether there were any statistically
significant differences on the total posttest score between the experimental and control
group. There was a statistically significant difference found between the control group
and the experimental group on two concepts: monohybrid and other. For both concepts
the experimental group scored higher than the control group. No statistically significant
difference was found on inheritance, dominance, sex linkage, genotype and phenotype, or
pedigree.

2.3 Comments on the related studies:

Several studies had been accomplished that are related argumentation; write to learn
strategy, self regulation, and mental models. For example, Cetin et al (2016) proved that
argumentation is well covered in Turkish curricula especially in 4™ and 5" grades.
Cigdemoglu, Arslan and Cam (2016) also confirmed that argumentation practices
contribute to pre-service teachers’ chemical literacy skills. Thus, Weston-Sementelli,
Allen and McNamara (2016) asserted that writing activities enhances students’ abilities
to write high quality essays, and Kieft, Rijlaarsdam, and Bergh (2007) also proved that
writing strategies foster students’ abilities to write short stories. Furthermore, Mang,
Zheng, Liang, Zhang, and Tsai (2016) confirmed that self regulation is a positive factor
for enhancing students to use deep learning strategies. Zimmerman and Kitsantas (2014)
also demonstrated that self regulation is strongly correlated with students self learning,
academic achievement and performance. Buckley, Gobert, Kindfield, Horwitz, Tinker,
and Gerlits (2004) showed that modeling across the curriculum is related to students’
understanding of complex biological concepts. Hashem and Mioduser (2017) proved that
learning by modeling develops an increase students’ understanding of complexity
concepts. All of these attempts are different in their purposes, variables and
methodologies, but they give an empirical reason about the importance of this study
which is an attempt to find out the effect of argumentation via write to learn strategy on
self regulation and mental models of students. This study is unique in gathering all of the
modern issues concerning science teaching and students learning together in one title. It
is also special in its dependent and independent variables, its instruments and its
methodology.
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Chapter Three

Methods and Procedures

This chapter describes the methodology the researcher used to choose the sample of the
study, the research instruments and their validity and reliability, data collection procedure
and implementation, and finally statistical tests used for data processing.

3.1 Research Methods

The researcher used the experimental method by the quasi-experimental design due to its
relevance and appropriateness to achieve the purposes of the study.

3.2 Population of the Study

The population of the study consisted of all of the students who are enrolled in 8" grade
at East Jerusalem District government and private schools (4690) students, in which
(2483) of them are females, and (2207) are males) in the second semester of the academic
year 2016\2017 as the researcher got these data from the ministry of education of East
Jerusalem District.

3.3 Sample of the Study

The sample of the study consisted of 152 students of the 8" grade (71 females and 81
males) in Bethany Secondary School for girls and Al-Maad Al-Arabi School for boys
respectively. The researcher selected these two schools as a purposive sample due to the
following reasons:

e The schools are close to the researcher’s place of work.

e The administration of both schools accepted the implementation of the research in
their schools.

e The presence of different sections of the same class within both schools. Thus,
this will help the researcher assign control and experimental group in each school
in order to fit with the methodology of the study.

In each school, both an experimental and control group were assigned randomly by
toss.
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Table 2: distribution of the participants of the study

Secondary School
for girls

Name of the | Control group Experimental Total
school group

Al-Maad Al-Arabi 41 40 81
School for boys

Bethany 36 35 71

3.4 Instruments of the Study

To achieve the objectives of the study the researcher used two instruments:

e Self-Regulation of Learning Science Questionnaire.(Appendix No.1)

e Mental Model Exam.(Appendix No.2)

The researcher followed these procedures for preparing the instruments and for checking

their validity and reliability.

3.4.1 Self-Regulation of Learning Science Questionnaire:

The researcher constructed a questionnaire to measure students’ self-regulation by
constructing some of its items from previous studies (Mang , Zheng, Liang, Zhang, and
Tsai, 2016) and by adopting some items of (Miller and Brown’s, 1991) self-regulation

questionnaire. (Appendix No. 1)

The researcher made the instrument in its first draft.

3.4.1.1 Validity of the Questionnaire:

Questionnaire was admitted to several educational specialists including Arabic language
teachers, science teachers and supervisors, and a list of Al-Quds University Educational
Sciences Doctors (Appendix No.8). All of their modifications were taken into

consideration.




3.4.1.2 Reliability of the Questionnaire:

The questionnaire was applied to a pilot study composed of 16 females of 8" grade
students studying at Orthodox School of Bethany in East Jerusalem in order to calculate
the reliability coefficient of the questionnaire using Chronpach Alpha which equals
(0.844). The questionnaire was also used to check students’ abilities to answer all of its
items, and to calculate the time needed to finish it.

3.4.2 Mental Model Exam:

The researcher built the mental model exam by analyzing the content of the 8" grade
science book unit (Light and Spectacles) and its models, then the researcher adopted two
questions from Lee, Chang, and Wu’s (2015) mental models exam . Another two
questions were constructed by the researcher according to specific criteria related to the
nature of the unit. (Appendix No. 3)

3.4.2.1 Validity of the Exam:

The first draft of the test was submitted to several specialists including Arabic language
teachers, science teachers and supervisors, and a list of Al-Quds University Educational
Sciences Doctors (Appendix No.8). All of their modifications were taken into
consideration.

3.4.2.2 Reliability of the Exam:

The exam was given to a pilot study composed of 16 females of 8" grade students
studying at Orthodox School of Bethany in East Jerusalem in order to calculate the
reliability coefficient of the exam using Chronpach Alpha which equals (0.812). The test
was also used to check student understanding of its items, and to calculate the time
needed to finish it.

In addition to these two instruments, the researcher prepared a teacher’s guide to teach
the Light and Spectacles unit using argumentation and write- to- learn strategy using the
literature review and related studies that were mentioned previously. The teacher’s guide
was shown to science teachers of the 8" grade, supervisors, and Al-Quds University
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Educational Science Doctors and all of their adjustments were taken into consideration.
(Appendix No. 5)

3.5 Procedure of the Study

During the application of this study, the researcher carried out the following:

Received a letter of permission from Faculty of Educational Sciences at Al-Quds
University (Director of the Methods of Teaching Department) to facilitate the
researcher’s work at the schools. (Appendix No.6)

Received permission from the Directorate of Education in Jerusalem District in
order to allow application of the research in schools. (Appendix No.7)

Decided the population of the study which consists of all of the 8" graders
studying in Jerusalem District and enrolled in public and private schools during
the academic year 2016\2017.

Determined the purposive sample of the study.

Visited both schools to receive permission from the administration to apply the
research.

Assigned a unit from 8" grade science book of the second semester (Light and
Spectacles Unit) to design a teacher’s guide book for instructing using the target
teaching method.

Designed the teacher’s guide book.

Constructed the self- regulation questionnaire and mental model exam, and
checked content validity and reliability for both of them.

Met the science teachers of both schools to explain to them about the design of
the study, and chose the experimental and control group randomly in both
schools.

Questionnaire and exam were given to the purposive sample in both schools.
Asked teachers to begin performing the research.

Visited each school twice per week to ensure the teachers applied the research in
both control and experimental groups.

Distributed the questionnaire and mental models exam after ending the research
(after two months from starting the unit).

Collected the data for statistical analysis as well as identifying findings.

3.6 Variables of the Study

3.6.1 Independent Variables:
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e Teaching method (Argumentation via “write- to- learn strategy”, and traditional
strategy).
e Gender (male and female).

3.6.2 Dependent Variables:

e Self-regulation
e Mental models

3.7 Design of the Study

The researcher used a quasi-experimental design:
Experimental group: O1 02 x 01 02
Control group: 0102 - 01 02

O1.: the self- regulation questionnaire (pre and post)
02: mental model exam (Pre and post)

X :treatment using argumentation via” write- to- learn strategy”
---: the traditional method

3.8 Statistical Treatment of the Data

In the process of analyzing data, the Statistical Package for the Social Science (SPSS)
was used, the researcher used means , standards deviations, Chronpach alpha, as well as
the analysis of covariance (2- way ANCOVA) to treat the collected data and to examine
the hypotheses of the study.
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Chapter Four

Research Findings

This study aims to investigate the effect of using argument based inquiry approach via
“write- to- learn strategy” on g™ grade students’ self-regulation skills and students’
abilities of forming scientific mental models. This study will also find the effect of the
interaction between argument based inquiry approach via “write- t0- learn strategy”
method of teaching, and gender on 8" grade students’ self-regulation and students’
abilities to form scientific mental models. This chapter shows the results of the study
which will be presented according to the research questions.

4.1 Results related to the first question of the study:

Is there an effect of using a program depending on argument based inquiry approach via
“write-to-learn strategy” on 8" grade students’ self-regulation skills? And does this effect
differ due to method of teaching, gender, and the interaction between them?

To answer this question, mean scores and standard deviations of the scores of the
participants on the self-regulation pre and post questionnaire were calculated.
The results are shown in table 4.1 and 4.2.

Table 4.1: Means and standard deviations for learners’ scores in the pre and post
self-regulation questionnaire according to method of teaching (experimental,
control)

Method Mean Standard Deviation | N
Pre Post Pre Post

Experimental 146.54 177.81 20.70 8.917 75

Control 155.80 155.66 19.03 18.99 77

Data shown in this table reveals that there are distinct differences between the mean
scores of learners in the pre and post self-regulation questionnaire according to group
(experimental, control).

Table 4.2: Means and standard deviations for learners’ scores in the pre and post
self-regulation questionnaire according to gender (male, female)
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Gender Mean Standard Deviation | N

Pre Post Pre Post
Male 148.89 166.58 20.71 18.25 81
Female 154.51 167.35 19.50 18.88 71
Total 151.11 166.88 20.36 18.44 152

Table 4.2 shows that there are apparent differences in the mean scores of learners in the
pre and post self-regulation questionnaire according to gender (male, female).

To check if these differences in mean scores of learners in the pre and post self-regulation
questionnaire according to method of teaching and gender are statistically significant,
(2-way ANCOVA) was applied using these data. The results are shown in table 4.3.

Table 4.3: (2-way ANCOVA) results for the learners’ mean scores in the self-
regulation questionnaire according to method of teaching, gender, and the
interaction between them

Source Sum of Squares df Mean Square F Sig.

pretest 100.47 1 100.47 0.46 0.49

Method 17198.82 1 17198.82 79.32 0.00%*
Gender 525.68 1 525.68 2.424 0.12

Gender * Method 212.67 1 212.67 0.98 0.32

Error 31873.31 147 216.82

Corrected Total 51389.09 151

** Significant difference.

Results related to method of teaching:

Table 4.3 shows that F value for the method of teaching is (79.32) for the differences in
the mean scores of learners in the self-regulation questionnaire according to method

(experimental, control). Also the significant level for the method is (0 .00) which is less
than the significant level (o« = 0.05). Thus there are statistically significant differences at
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(0< 0.05) in the mean scores of 8" grade students’ self-regulation skills due to method of
teaching.

To identify the source of these differences, adjusted means and standard errors were used
as shown in table 4.4.

Table 4.4: Estimated Marginal means and standard errors of learners’ post
guestionnaire scores according to method of teaching (experimental, control)

Method Mean Std. Error
Experimental group 177.61° 1.70
Control group 154.52° 1.90

According to this table, the adjusted mean for the experimental group is (177.6) which is
more than the adjusted mean for the control group (154.5). Therefore the differences are
in favor of the experimental group.

Results related to gender:

Table 4.3 shows that the F for the gender value is (2.42) in the difference between the
mean scores of learners in the post self-regulation questionnaire, and the significant level
is (0.12) which is more than the significant level (o = 0.05). This results in no statistically
significant differences at (a< 0.05) in the mean scores of g™ grade students’ self-
regulation skills due to gender (male, female).

Results related to the interaction between method and gender:

Table 4.3 also shows that F value for the interaction between method and gender is (0.98)
and the significant level is (0.32) which is more than the significant level (o = 0.05). This
means that there are no statistically significant differences at (a< 0.05) in the mean scores
of 8" grade students’ self-regulation skills due to the interaction between method and
gender.

4.2 Results related to the second question of the study:
Is there an effect of using a program depending on argument based inquiry approach via

“write- to- learn strategy” on 8" grade abilities to form scientific mental models? And
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does this effect differ due to method of teaching, gender, and the interaction between
them?

To answer this question, mean scores and standard deviations were calculated for the

learners’ scores in the pre and post mental model exam. The results are shown in tables
4.5and 4.6.

Table 4.5: Means and standard deviation for learners’ scores in the pre and post
mental model exam according to method of teaching (experimental, control)

Group Mean Standard Deviation | N
Pre Post Pre Post

Experimental 12.61 22.12 5.57 4.83 75

Control 11.32 14.11 6.55 6.48 75

*Note: two females students from the control group were absent during the application of post mental model exam.

Table 4.5 shows that there are apparent differences in the mean scores of learners in the
pre and post mental model exam according to method of teaching (experimental, control).

Table 4.6: Means and standard deviation for learners’ scores in the pre and post

mental model exam according to gender (male, female)

Gender Mean Standard Deviation | N
Pre Post Pre Post

Male 13.32 20.08 7.07 6.91 81

Female 10.40 15.75 4.29 6.35 69

*Note: two females students from the control group were absent during the application of post mental model exam.

Table 4.6 shows that are apparent differences in the mean scores of learners in the pre
and post mental model exam according to gender (male, female).
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To check if these differences in mean scores of learners in the pre and post mental model
exam according to method of teaching and gender are of statistical significance, (2-way
ANCOVA) was applied using these data. The results are shown in table 4.7.

Table 4.7: (2-way ANCOVA) results for the learners’ mean scores in the mental
model exam according to method of teaching, gender, and the interaction between
them

Source Sum of Squares df Mean Square F Sig.
Pretest 0.59 1 0.59 0.021 0.88
Method 2393.07 1 2393.07 85.43 0.00**
Gender 608.11 1 608.11 21.71 0.00%

Method * Gender

132.39 1 132.39 4.72 0.031**
Error 4061.46 145 28.01
Corrected Total 7261.33 149

** Significant differences

Results related to method of teaching:

This table shows that F value for the method of teaching is (85.43) for the differences in
the mean scores of learners in the mental model exam according to method of teaching
(experimental, control). Also the significant level for the method is (0.00) which is less
than the significant level (a = 0.05). Thus there are statistically significant differences at
(0< 0.05) in the mean scores of g™ grade students’ abilities to form mental models due to
method of teaching.

To identify the source of these differences, adjusted means and standard errors were used
as shown in table 4.8
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Table 4.8: Estimated Marginal means and standard errors of learners’ post mental
model exam scores according to method of teaching (experimental, control)

Method of Teaching Mean Std. Error
Experimental group 22.02° 0.61
Control group 13.96° 0.61

It is clear from this table that the adjusted mean scores for the experimental group (22.02)
are much bigger than the control group (13.96). This indicates that the differences are in
favor of the experimental group.

Results related to gender:

Table 4.7 shows that F value for the gender is (21.71) for the differences in the mean
scores of learners in the mental model exam according to gender (male, female). Also
the significant level for the gender is (0.00) which is less than the significant level (o =
0.05). So there are statistically significant differences at (o< 0.05) in the mean scores of
gt grade students’ abilities to form mental models due to gender.

To identify the source of these differences, adjusted means and standard errors were used
as shown in table 4.9.

Table 4.9: Estimated Marginal means and standard errors of learners’ post mental
model exam scores according to gender (male, female)

Gender of Student Mean Std. Error
Male 20.07% 0.60
Female 15.91% 0.64

According to this table, the differences in the adjusted mean scores are in favor of males,
as shown that the adjusted mean for males are (20.07) while the adjusted mean of females
are (15.91).
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Results related to the interaction between method of teaching and gender:

It is clear from table 4.7 that the F value for the interaction between group and gender is

(4.72) for the differences in the mean scores of learners in the mental model exam
according to the interaction between method of teaching and gender. Also the significant
level is (0.03) which is less than the significant level (o= 0.05). So there are statistically
significant differences at (o< 0.05) in the mean scores of g grade students’ abilities to
form mental models due to the interaction between method of teaching and gender.

To identify the source of these differences, adjusted means and standard errors were
calculated as shown in table 4.10.

Table 4.10: Estimated Marginal means and standard errors of learners’ post mental
model exam scores according to the interaction between method of teaching and
gender

Method of Gender of Student Mean Std. Error
Teaching

Male 23.15% 0.84
Experimental

Female 20.88° 0.90

Male 16.98° 0.84
Control

Female

10.94% 0.90

This table shows that the differences are in favor of males in the experimental method of
teaching.

4.3 Summary of the results:

There are statistically significant differences at (o< 0.05) in the mean scores of 8" grade
students’ self-regulation skills due to method of teaching in favor of the experimental
group, there are statistically significant differences at (o< 0.05) in the mean scores of gt
grade students’ abilities to form mental models due to method of teaching in favor of the
experimental group, there are statistically significant differences at (o< 0.05) in the mean
scores of 8" grade students’ abilities to form mental models due to gender in favor of
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males and there are statistically significant differences at (a< 0.05) in the mean scores of
gt grade students’ abilities to form mental models due to the interaction between method
of teaching and gender in favor of males in the experimental group. Furthermore, there
are no statistically significant differences at (a< 0.05) in the mean scores of g grade
students’ self-regulation skills due to gender, and there are no statistically significant
differences at (a< 0.05) in the mean scores of g™ grade students’ self-regulation skills due
to the interaction between method and gender.
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Chapter five

Discussion, Conclusion and Recommendations

The purpose of this study is to investigate the effect of using a program depending on
argument based inquiry approach via “write- t0- learn strategy” on g grade students’
self-regulation skills and students’ abilities of forming scientific mental models.
Additionally, to study the effect of the interaction between the argument based inquiry
approach via “write- to- learn strategy” method of teaching, and gender on 8" grade
students’ self-regulation and students’ abilities to form scientific mental models. The
experimental group was taught an entire unit by the argument based inquiry approach via
“write-to-learn strategy”, while the control group was taught by the traditional method.
The researcher prepared two instruments for the study, Self-Regulation Questionnaire
and Mental Model Exam. A pre and post questionnaire and test were done to all of the
participants to achieve the purposes of the study. After implementation of the study and
analyzing the data, the results showed the following:

5.1 Discussions of the findings related to the first question

Is there an effect of using a program depending on argument based inquiry approach via
“write-to-learn strategy” on g™ grade students’ self-regulation skills? And does this effect
differ due to method of teaching, gender, and the interaction between them?

Results related to method of teaching:

Results showed that there are statistically significant differences at (a< 0.05) in the mean
scores of 8" grade students’ self-regulation skills due to method of teaching in favor of
the experimental group.

The researcher suggests that the reason for these results is the use of argumentation via
“write-to-learn strategy” for the experimental group in learning an entire science unit for
two months. According to this approach, science was taught as an experimental
verification of principles and rules, as a process of scientific argumentation in which
students are asked to construct a claim supported by data, warrants, backings, qualifiers
and rebuttals. In addition, students have to write down their own arguments using specific
writing exercises. Scientific argumentation is core in knowledge construction because
students need to propose, support, criticize, evaluate, and refine ideas about concepts and
use theories and evidence to confirm their claims. In such practices, conceptual
understanding is nurtured, scientific literacy skills are fostered and students’
communication and life skills are developed.
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This teaching method has been proved to be positive and could influence the self-
regulation skills of students in learning the science content. As these skills are important
skills to be mastered by students in order to let them organize their learning way as well
as their progression toward achieving certain individuals’ goals determined previously,
this will lead to more academic success and achievement, let students become aware of
their own learning and play an active role in the learning process.

The results of the study agrees with the results of Cidgemoglu, Arslan and Cam (2016)
which proved that there are statistically significant differences between pre and post tests

scores of pre-service science teachers content knowledge, competency and attitudes due
to teaching method in favor of the group which was taught using argumentation.

The results also agrees with Cetin (2013) which proved that argumentation-based
intervention caused significantly better acquisition of scientific concepts and positively
impacted the structure and complexity of the argumentation model that the learners
construct.

The results also correspond with the results of Erduran, Ardac and Yakmaci-Guzel
(2006) which proved that training pre-service science teachers how to use argumentation
has improved their pedagogical strategies. The results also agreed with Yang, Liu, Fang,
Chung-Yuan, Guo-Li, Ying-Tien, Min-Hsien and Tsai (2017), which proved that
students’ self-efficacy of learning science is positively correlated with the nature of
scientific enterprise which reflects the social aspect of scientific inquiry. The results also
correspond with Mang, Zheng, Liang and Tsai (2016) which proved that self-regulation is
positively related to higher levels of conceptual understanding and using of deep learning
strategies.

In terms of “write-to-learn strategy”, the results of this study agreed with the results of
Weston-Sementelli, Allen and McNanaras’ results. They indicated that using writing and
reading strategies had helped learners to produce higher quality source-based essays. The
results also correspond with Abu-Nimah (2015) study which evidenced that there are
statistically significant differences in the mean scores of 10" graders’ reading
comprehension in the English language due to teaching method in favor of the
experimental group. The results also coincide with Atasoy (2013) which showed that
there was a significant difference between the levels of improvement of conceptual
understanding in favor of the experimental group who taught using “writing-to-learn
strategy”. Furthermore, the results correlate with Kieft, Rijlaarsdam and Bergh (2007)
which showed that “writing-to-learn strategy” affects student’s abilities to write short
literacy stories.
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Results related to gender:

The findings show that there are no statistically significant differences at (a< 0.05) in the
mean scores of 8" grade students’ self-regulation skills due to gender. The researcher
believes that the reason behind this is that self-regulation is a skill that could be learned
from the surrounding environment as a lifelong skill that needs to be mastered by any
individual (male\female) in order to have success in his\her life. Gaining these skills
enables a person to set goals for himself\herself, develop strategies to achieve these goals,
control the gain of these strategies, and evaluate his\her progression toward achieving the
determined goals. According to Banduras’(1997) social cognitive theory, self-regulation
skills could be learned through modeling and advancing by four levels of development:
observational, imitative, self- controlled and self-regulated levels. Thus, gaining these
skills depends on social guidance and feedback, that’s why there are no statistically
significant differences in acquisition of this skill due to gender.

Numerous studies have reported that gender does not cause significant differences on
self-regulation of learning. For example, the following researchers have also arrived at
the same conclusion: Cebesoy( 2013), Sagirli and Azapagasi (2009), Gomleksiz and
Demiralp (2012), and Zimmerman and Martinez-Pons (1990).

However, the results disagree with Bozpolat’s (2016) results which indicated that gender
affects self-regulation learning in favor of female students and showed that the female
students used the self-regulatory learning strategies more than the male students. Also,
Akkaya (2012), Alci and Altun (2007), Erdogan and Sengil (2014), Zimmerman and
Kitsantas (2014) agreed that the female students are more effective in using the self-
regulation in learning.

Results related to the interaction between method and gender:
The study shows that there are no statistically significant differences at (a< 0.05) in the

mean scores of 8" grade students’ self-regulation skills due to the interaction between
method and gender.

The researcher believes that the argumentation via “write-t0-learn strategy” was suitable
for both genders and lead to the equal acquisition of the self-regulation skills.

No single study that the researcher surveyed examined the interaction between method
and gender on self-regulation skills.
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5.2 Discussions of the findings related to the second question

Is there an effect of using a program depending on argument based inquiry approach via
“write- to- learn strategy” on 8" grade abilities to form scientific mental models? And
does this effect differ due to method of teaching, gender, and the interaction between
them?

Results related to method of teaching:

Results evidenced that there are statistically significant differences at (o< 0.05) in the
mean scores of 8" grade students’ abilities to form mental models due to method of
teaching in favor of the experimental group.

The researcher believes that using the scientific argumentation model via “write-to-learn
strategy” as a teaching method for two months with the experimental group has been
proved to be challenging in developing the abilities of students to form mental models.
This explains the importance of this approach in the externalization of students’ critical
thinking and developing mental skills. Students were debating and justifying claims
using evidences in a writing manner, this enabled them to understand and experience
multiple perspectives that are based on evidence.

These results agreed with Goberts’ et al (2011) results which showed that there were
statistically significant differences in students’ understanding of models due to teaching
method. The results also correspond with Buckley et al (2004) who proved that there was
a statistically significant difference found between the control and the experimental group
in understanding of biology concepts in favor of the experimental group which taught by
modeling. Furthermore, the results agree with Schwartz and Skjold (2014) who proved
the effectiveness of teaching about the nature of scientific models for future elementary
and secondary science teachers.

Results related to gender:

Results showed that there are statistically significant differences at (o< 0.05) in the mean
scores of 8" grade students’ abilities to form mental models due to gender in favor of
males.

Both genders were exposed to the same conditions of learning, but the males’ scores in
the post mental model exam were higher than the females’ scores. They also formed
sophisticated and correct models which fit with the scientific models.
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However, Chiilebrough and Treagust (2009) found that female students demonstrated a
more scientifically sophisticated view of models. Also Liu, Fang, Chung-Yuan, Guo-Li,
Ying-Tien, Min-Hsien and Tsai (2017) proved that female students were more likely to
have higher scores in understanding epistemic knowledge of science such as the nature of
scientific enterprise and the measurements in science.

Results related to the interaction between method and gender:

Results showed that there are statistically significant differences at (a< 0.05) in the mean
scores of 8" grade students’ abilities to form mental models due to the interaction
between method of teaching and gender in favor of males in the experimental group.

Males of the experimental group scored more than females in the experimental group,
and showed the abilities to form scientific mental models accurately. The researcher
suggests that these differences are due to the nature and physiology of males, males tend
to have more sophisticated models which help them to understand and predict different
conditions, and they have more mental imagination of the real world.

None of the previous studies that the researcher surveyed checked the interaction between
method and gender on abilities of students to form scientific mental models.

5.3 Recommendations and Suggestions:

e To use the argumentation via “write-to-learn strategy” in teaching science due to
its effect in improving students’ skills.

e To train science teachers how to teach argumentation to students and to write
teaching objectives that engage students with written argumentative activities as
well as assessing students’ performance and progression toward the objectives
and receiving feedback from students about the effectiveness of this approach in
their learning and understanding.

e To focus on the quality of argumentation done in the classroom. For example,
simple argumentation consists of: claims supported by data, warrants, and
backings, whereas complex argumentation is composed of qualifiers and rebuttals
in addition to the simple argumentation components.
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More studies should be done on the interaction between method of teaching and
gender on student’s self-regulation and mental models skills.

More studies should be done which focus on the quality of argumentation in
science classrooms.

To design activities in the curriculum and teacher’s guide book which includes
written argumentative tasks and write-to-learn activities.

To conduct similar studies using this approach on different variables and different
ages.
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Appendixes:

Appendix No.1 Self-Regulation questionnaire in English

Al-Quds University
Deans of Graduate Studies

Master Program in Teaching Methods

SELF-REGULATION QUESTIONNAIRE
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Dear student of the 8" grade:

The purpose for this instrument is to discover the importance of self-
regulation skills in learning science. The answers that you will give on this
questionnaire will indicate the self-processes that you practice while
studying science. Please read the sentences of the questionnaire carefully,
answer them to the best of your ability. | ensure that your answers will only
be used for scientific research.

Please circle the information which best describes you:

Section: A B
Gender:  Boy Girl
General academic average: 60-69 70-79 80-89 90 and more

The questionnaire contains (41) sentences indicating your actual
processes and behaviors which you perform while learning science.
Please put the sign (\) on the degree that represents your actual
behavior.
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Part # Behavior / process Always | Usually | Generally | Rarely | Never

1- | I set goals for myself while | am
in the class.

9. I work on my progress toward
achieving my goals.
| can organize my actions in

Receiving 3- | order to attain my personal

goals.

4 I learn from the mistakes | have
made.
I do not give any attention

5- | toward my actions in the science
period.
During the science lesson, |

1- | consider what | would like to
learn from the lesson.
When studying science, | try to

2- | assign the concepts that | do not
understand well.

3. I compare my performance with

Evaluating others performance.
myself ]

4 | frequently think about my
actions in the science period.
| judge what | do in the science

5- | period from the results of my
work.

6 I behave according to my
personality.
I repeat the same methods even

1- |. .
if they fail.
I try to discover others methods

The ability to | 2- | in performing different
change activities.

It is easy for me to find

3- | something which helps me

change the way | studying.
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When | get confused about
something in the science period

4- | and I cannot take notes, | make
sure that | will take and
organize them later.
Part # Behavior / process Always | Usually | Generally | Rarely | Never
When | start studying | can achieve
1-
the goals | set for myself.
When | face problems in
2- | understanding the material | study,
| seek the help of others.
. | use more than one way in making
Saeﬁg:;r;iqvl;c;r 3- | the material | study
understandable.
4 I doubt I can change my habits in
studying science.
When | find the science material |
5- | study hard to understand, | change
the way | am reading it.
Before | start studying the science
material, | skim the whole unit or
1- o
lesson to know the ways it is
organized and viewed.
When | study the science lesson, |
9. link the material to something the
teacher said or did in the
classroom.
When | study science, | ask myself
3- | questions to concentrate on
Planning studying the material.
I have a problem in making a plan,
4 setting and achieving goals related

to studying time and covering
material.

When | have a goal, | know how |

> | can plan to achieve it well.
I always take notes in the science
6- | period even if the teacher didn’t
ask me to do so.
7- | When | study | use my personal
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methods that help me to study
effectively and remember the
important points.

When | study | summarize in my
own way the material to help me to
evaluate my efficiency in studying
as well as remembering the
important details.

I cannot concentrate on something
when | study.

Part

Behavior / process

Always

Usually

Generally

Rarely

Implementation
of the plan

I have motivation to concentrate
on the topic of the science lesson
and to mentally organize its
ideas.

The purpose of studying science
is to enhance gaining life-long
skills.

When | study science | use the
diagrams and figures in the book
to help me in understanding the
lesson.

I can perform the tasks that the
science teacher asks me do in the
period.

I ask myself questions in the
science period to ensure |
understand the material.

When | study science, | tend to
construct maps, tables and arrow
charts to help me to understand
the material.

When | get confused about
something | read when | study, |
return to it again and keep trying
to understand it.
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Evaluating the
effectiveness of
the plan

| perform all of the tasks the
science teacher asked me to do
with strong motivation and
engagement.

| evaluate the results of my work
in those tasks.

I can handle the full
responsibility toward my
learning.

| tend to analyze the material |
study according to its relevance
with the previous knowledge |
own about the subject.

| evaluate my study habits
according to my mark on the
exam.
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Appendix No.2 Self-Regulation questionnaire in Arabic
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Appendix No.3 Mental model exam in English

Al-Quds University
Deans of Graduate Studies

Master Program in Teaching Methods

Mental Model Exam
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Dear student of the 8" grade:

The researcher has designed an exam especially for you using your science
textbook to measure your abilities to form scientific mental models.

The researcher chose exam questions for you to answer from the unit “Light
and Spectacles”. There are four questions.

The answers of these questions will give signs that indicate the importance
of mental models in helping you to represent your knowledge, analyze it,
comprehend it, and link it with your previous experiences.

Please read the questions carefully. | ensure that your answers will be used
only for scientific research.

Please circle the information which describes you:

Section:  *A *B
Gender:  *Boy *Girl
General academic average: 60-69 70-79 80-89 90 and more
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Questions:

You have two methods given below which explain the process of shadow
formation for the dark objects, and the properties of the shadow.

A- The shadow is clear in features and dark when the source of light is
small in size and far in distance from the dark object. But, when the
source of light is bigger in size than the dark object and close in
distance, the shadow is unclear with two regions; one region with
complete shadow and the other region with incomplete shadow.

B-
5l S e
. M_——ﬂ—*_
———'_’_'_4— -;
i bt Ao 0555 1 (- Y) IS e 2 1 0555 (1-Y) sl
Q1.

In your opinion:

e Method A and method B give the same explanation.
e Method A and method B do not give the same explanation.

Please justify your answer:

Q2. Depending on the two methods shown in the previous question,
which method is better, in your opinion, to learn about shadow
formation process and the properties of shadow:

e Method A (learning by texts)
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e Method B (learning by models)

Please justify your answer:

Q3. Read the following paragraph carefully.

One of the most important applications about light is laser or light
fibers, which means enhancing the light radiation. This is a package of
light with waves which are similar in frequency, so the light waves
cross each other and convert to a light pulse with high energy. Studies
show that light rays can pass through air, water, glass, and transparent
objects. Further, a light ray can change its path when it penetrates two
transparent objects, such as water and air and can reflect when it beams
on mirrors or bright surfaces.

In addition, a light ray penetrates through a pyramid of glass and
separates into visible colors on a spectrum that appear in a rainbow.
This begins with violet, blue, and green, yellow, and ends with red. The
light ray also contains invisible waves which are located to the right
side of the violet rays and are called ultraviolet rays. There are also
invisible rays located to the left side of the red rays, and called infra-red
rays.

Try to represent this paragraph using an arrow chart, diagram, or
another appropriate way to help you to understand this information.

Q4. Draw a mind map using the keywords below and the proper linking
words.
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Keywords: lenses, produce illusionary image, produce real image, scatter,
collect, parallel rays, concave, convex
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Appendix No.4 Mental model exam in Arabic
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Appendix No.5 Teacher’s guide book in teaching using argumentation via “write-to-
learn strategy” in Arabic
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Appendix No.6 Permission of the Faculty of Educational Science\Graduate Studies
Program at Al-Quds University
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Appendix No.7 Permission of the Directorate of Education in Jerusalem District
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Appendix No. 8

List of Validation Committee

No. Name of juror Place of work Specialization Self-regulation Self-regulation
Questionnaire Questionnaire
and Mental and Mental
Model exam in model exam in
Arabic English
1. Dr. Ziad Qabaja | Al Quds teaching v
University methods

2. Dr. mohsen Adas | Al Quds Curriculum and v
University teaching

3. Dr. Inas Naser Al Quds teaching v
University methods

4, Dr. Ghassan Al Quds teaching v
Sirhan University methods

5. Dr. Afif Zeidan Al Quds teaching v
University methods

6. Dr. Ibrahim Al Quds teaching v
Arman University methods

7. Dr. Bushra Al Quds teaching v
Adawi University methods

8. Dr. Kamel Al Quds teaching v
Hashem University methods

9. Sister Martha Orthodox School | English v

of Bethany supervisor

10. Sana’a Jaber Orthodox School | Science v

of Bethany supervisor

11. Sameera Erikat Orthodox School | Arabic supervisor | v

of Bethany

12. Buthaina Jaffal Orthodox School | Arabic supervisor | v/

of Bethany
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