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ABSTRACT

MIXED METHODS RESEARCH AT THE INTERSECTION OF
MATHEMATICS TEACHERS’ ADOPTION OF CURRICULUM CHANGE
AND ASSESSMENT OF STUDENTS’ READINESS LEVEL THROUGH
EDUCATIONAL NEUROSCIENCE METHODS

BIRGILI, Bengi
Ph.D., The Department of Educational Sciences, Curriculum and Instruction
Supervisor: Prof. Dr. Hanife AKAR
Co-supervisor: Assist. Prof. Dr. Tuna CAKAR

October 2022, 391 pages

The main purpose of this study was to investigate the quality of middle school
mathematics teachers’ instructional and assessment processes after curriculum
policy change through an ecological approach and the quality of the students'
responses and reactions towards different item types via employing a multimodal
mixed methods concurrent dominant status design. Three major phases were
processed to achieve this aim. Firstly, Phase 1 includes the practices that reveal
the quality of teachers’ authentic teacher-made items (N = 380) via document
analysis. Secondly, Phase 2 relied on a quantitative survey where a sample of
mathematics teachers (n = 350) affiliated in public and private schools in an
upper middle class district of Istanbul, Turkey were administered the TMMESP-
Questionnaire, in which items were theoretically constructed, to identify
teachers’ teaching method and assessment preferences. Thirdly, Phase 3 relied
on multimodal phase in which fifth grade students (n = 32) were administered

open-ended and multiple-choice mathematics examination items to evaluate their
0\



reactions and responses to the items with respect to active use of metacognitive
subskills and affective processes via eye-tracking and biometric tools. Finally, a
local deep data model was theoretically sketched based on these multimodal
data. The results indicate that the teachers tended to prepare mathematics items
mostly relying on traditional objective testing. Most of them lacked the skills
needed to enact collaborative instruction and assessment processes. More
advantageously, when the students were exposed to higher-order items, they
could more reliably reflect their metacognitive skills and affective process. The
quality of the instruction, assessment and items made by the teachers are not yet
sufficiently prepared for the students’ readiness of future competencies. Among
implications, teachers should help their students to acquire metacognitive skills

while responding to open-ended items.

Keywords:  Mathematics  curriculum  change, In-class  assessment,

Metacognition, Mixed methods research, Educational Neuroscience



Oz

MATEMATIK OGRETMENLERININ OGRETIM PROGRAMI
DEGISIKLIGINI BENIMSEMESI VE OGRENCILERIN HAZIR
BULUNUSLUK DUZEYLERININ DEGERLENDIRILMESININ
KESISIMINDE EGITIMSEL NOROBILIM YONTEMLERIYLE KARMA
YONTEM ARASTIRMASI

BIRGILI Bengi
Doktora, Egitim Bilimleri, Egitim Programlari ve Ogretim BAlUmi
Tez Yoneticisi: Prof. Dr. Hanife AKAR
Ortak Tez Yoneticisi: Dr. Ogr. Uyesi Tuna CAKAR

Ekim 2022, 391 sayfa

Arastirmanin temel amaci, ortaokul matematik 6gretmenlerinin egitim politikasi
degisikligi sonrast Ogretim ve Olgme-degerlendirme siireglerinin Kkalitesini
ekolojik bir yaklasimla ve 6grencilerin farkli madde turlerine ¢oklubicimli karma
yontem eszamanli baskin durum deseni ile verdigi tepkilerinin kalitesini
incelemektir. Bu amaca ulasmak i¢in ti¢ asama islendi. Asama 1, dokiman
analizi yoluyla 6gretmenlerin otantik sinifi¢i 6gretmen yapimi soru maddelerinin
(N = 380) kalitesini ortaya ¢ikarmaya yonelik uygulamalar igerir. Ikinci olarak,
Asama 2, Tiirkiye'nin iist orta sosyo ekonomik seviyeye sahip bir il¢esindeki
devlet ve 6zel okullarda gorev yapan ortaokul matematik 6gretmenlerinden (n =
350) olusan bir drneklem ile onlarin &gretim yontemlerini belirlemek Uzere
maddelerin teorik olarak olusturuldugu OYODT-Anketinin uygulandigi anket
asamasidir. Asama 3, besinci sinif 6grencileri (n = 32) ile onlarin iistbiligsel ve

duyussal siireglerinin aktif kullanim1 yoluyla olarak tepkilerini degerlendirmek
Vi



i¢in agik u¢lu ve goktan segmeli matematik sinav maddelerinin uygulandigi goz
izleme ve biyometrik araclar iceren goklubigimli asamadir. Son olarak, bu ¢oklu
bicimli verilere dayali olarak Ulkemize 6zgi bir derin veri modeline teorik olarak
ulagilmistir. Sonuglar, 6gretmenler matematik sorularini ¢ogunlukla geleneksel
nesnel testlere dayali olarak hazirlama egilimindedirler. Ogretmenlerin ¢ogu,
isbirlikli 6gretim yodntemi ve degerlendirme stireclerini uygulayabilmek icin
gereken temel becerilerden yoksundur. Ortaokul 6grencilerinin Ust diizey bilissel
becerileri 6lcen soru tiirleriyle karsilastiklarinda istbilissel becerilerini ve
duyugsal siireclerini daha giivenilir bir sekilde yansitabildigi bulunmustur.
Ogretmenler tarafindan yapilan Ogretim, sinifici degerlendirme ve soru
maddelerinin kalitesi, 6grencilerini gelecekteki yeterliliklere yeterli diizeyde
hazirlayamadig: tespit edilmistir. Ogrencilerin acik uclu maddeleri cevaplarken

uistbiligsel becerileri kullanmalarinin tesvik edilmesi onerilmektedir.

Anahtar Kelimeler: Matematik 0Ogretim programi degisimi, Smufigi

degerlendirme, Ustbilis, Karma ydntem arastirmasi, Egitimsel norobilim
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CHAPTER 1

INTRODUCTION

1.1. Background of the Study

Schools prepare children for life and inevitably for the jobs of the future. If we
think of school as the first system where education is systematically given, we
assume that all schools are in this way equal and fair. They can prepare children
for jobs that have not yet been created, the technological inventions that have yet
to be discovered, and problems that have not been predicted (Rios et al., 2020;
The Organization for Economic Cooperation and Development [OECD], 2018a,
2019). However, major factors that affect education in this competitive world are
economic, political, social, and technological trends. Under these environmental,
economic, and social factors, schools should help every learner to develop as a
whole person and at the same time consider their well-being. Not only should
they provide new opportunities for human advancement, but they should also
provide formal or informal learning environments to equip them with the skills
they need to accomplish in this new world. More importantly, they should create
a teaching and learning atmosphere which can help this generation confidently
utilize these skills and demonstrate competencies (Rotherham & Willingham,
2010; Van Laar et al., 2020; Voogt & Roblin, 2010).

Entering school, children for the first time experience an environment other than
that of their families, and they must adjust by becoming part of a social group
with new rules. Predictably, there are many differences between children as they
attend school for the first time. Some are ready for school while others are not
and their prior learning and the skills they come with differ, as does their basic

levels of skill acquisition, interests and attitudes. Having different social levels
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and socio-economic status means that they initially try to adapt to the school
environment in different ways. Their skills related to learning objectives differ.
Likewise, their degree of desire for learning differs (APPG, 2017; Hansen,
Heckman & Mullen, 2003; Nunn, 2014).

Measurement, evaluation, and assessment are integral parts of a curriculum since
they are systematically used to determine whether students have acquired
quantitative and qualitative aspects of each behavior students are intended to
acquire (Gelbal, 2013; Ozcelik, 1998). There should be diversity in assessing,
measuring and evaluating students based on how the teaching method differs.
Not only via paper-pencil measures but also via portfolios or project-based
assessment types, there should be diversity in the dynamics of the measurement
and evaluation process (Barootchi & Keshavarz, 2002; Grammatikopoulos,
2012; Tiekstra et al., 2016). It is important to have a variety of formats as this
offers several advantages. Assessing students’ comments, questioning skills,
perspectives, and metacognitive skills, as well as evaluating their content
knowledge and skills, enables educators to evaluate their students in a multi-
dimensional way. At the same time, in a globalizing world, raising individuals
and generations who can express themselves, solve problems, see things from a
different perspective, and have developed social skills are one of the significant

developmental steps of a literate society.

Although curriculum and instruction concepts are examined separately, they are
interdependent. While the curriculum is thought of as a planned learning
experience, instruction is thought of as methodology, instructional strategy,
methods, and techniques, in short, as a teaching role (Mayer & Alexander, 2011,
Rose, 2004). What is important about addressing such differences is that this can
create a successful educational environment, namely, fruitful teaching and
learning processes that enable children to grow as happy individuals (Turkey’s
2023 Education Vision, 2018). This is the biggest role of schools. The goal of the
educational system is to provide the most suitable school environment, class

climate, teaching and learning processes (Goodlad, 1994) for the development of
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healthy and happy individuals. In this way, children become individuals who
understand the world and confidently develop and compete within it (Nyman &
Kaikkonen, 2013).

One of the most vital elements of schooling is teachers (Darling-Hammond &
Lieberman, 2012; Ticha & Hospesova, 2006). Teaching is a significant
profession (AACTE, 2010; Darling-Hammond, 1999, 2006; Ozcan, 2011, 2013).
At the same time, teaching is a polymorphous concept (Rogers, 1969; Peters,
1970). Every individual within this system adapts the facilitation of change and
learning. On the subject of shaping a child's personality, especially in the context
of Turkey, the main responsibility is believed to fall on teachers who are
conducive to helping students gain new knowledge and develop their skills,
building on family values. The quality, experience and qualifications of teachers
are related to the quality of their teaching (Darling-Hammond & Lieberman,
2012). In teaching, quality can be achieved by creating learning opportunities to
achieve the learning and teaching goals and by consistently aligning these
processes with student needs (considering their pre-requisite knowledge, skills
and attitudes). The quality of a school's equipment and qualifications and the
ability of teachers to design their own tools for the benefit of the learning process
can be used to benefit students. For a qualified teaching process, colleges of
education and in-service training opportunities should provide professional
development to teachers in line with their needs (Darling-Hammond &
Lieberman, 2012; Darling-Hammond, 2017; Darling-Hammond & Oaks, 2019).
The better educated and qualified teachers become, the better they will educate
their students to become young scientists who interact and compete with the

world and keep an open-minded viewpoint.

One aim of schools is to prepare children for the next level of schooling. To do
this, it is helpful to review how the goals of education have been achieved
through the determination of learning objectives, feedback from the process, and
whether the students have gained a skill in such a way so as to carry it to the

higher grade. This is called “the curriculum” (Bobbitt, 1918; Goodlad, 1968;
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Ornstein & Hunkins, 2004; Tyler, 1949). Based on the relationship between
curriculum and instruction, it is necessary to prepare appropriate programs and
instruction according to students’ developmental characteristics. The curriculum
should guide teachers. Instruction is part of the learning process. Although the
instructional approach is a process representing the distribution system of the
content dimension, the source of the teaching and its components as well as the
elements of the teaching method cover the basic structures related to this process.
These two concepts must be compatible with each other in terms of approach and
design. The most important element that gives feedback on how these structures
are tested and the way in which students reach their goals is the assessment
process of an instruction. The relationship between curriculum and instruction is
so intimate that instruction may exist independently of the curriculum but would
not be operationalized regarding direct purpose to maximize students’ learning
and development (Flake, 2017; Hilebowitsh, 2005; Random, 2016; Yates, 2013).
In Turkey in 2017, the implementation of a change in the large-scale
examination system was announced. Recently, the Turkish Ministry of National
Education (MoNE) has expressed the intention of enhancing higher order
thinking skills by including open-ended questions and, thus, has initiated
converting the testing style to a more thought-provoking one in evaluating
students’ progress (Berberoglu, 2009; Cikrik¢i-Demirtasli, 2010; TEDMEM,
2013, 2017; MoNE, 2017a). The MoNE has become the center of attention due
to rumors that the Transition from Basic Education to Secondary Education
(TEOG) high-stakes examination system may be immediately abolished in
Turkey. Following an announcement that the new examination system replacing
TEOG would be coordinated under the title of National Monitoring System
(“Milli izleme Sistemi”, ODSGM, 2017), it was thought that the MoNE had
implied that open-ended questions would gradually be implemented as a change
to the question format based on the recent publication of sample questions with
short answers. The MoNE stated that the examinations to be developed in the
context of the Project on Monitoring, Research and Development of Assessment
and Evaluation Applications [ABIDE] would initially be implemented for 5%

grade students. Current studies have been ongoing with local workshops and
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discussions under MoNE (MoNE, 2017b). Many other countries have similar
concerns and are attempting to develop effective knowledge construction and
assessment systems. For example, in Finland, the main goal of assessment is to
monitor the progress of students, improve their learning, and give feedback on
their progress in a supportive way rather than force students to race for being the
world’s strongest performers on the standardized high-stakes testing
(Hendrickson, 2017). In the Netherlands, the examination system is twofold;
students take school examinations, and they take a central examination (OECD,
2012). This means that the high-stakes testing approaches changed from
students’ qualification to school accountability. As for the school exams, the
Netherlands has issued many innovative item types in high-stakes testing. In
many educational settings it is believed that the only effective way to understand
whether knowledge construction has occurred is through understanding
individuals' interaction with question types. However, there should be
consistency between utilizing scientific truths revealed from item types and the
governing political power of centralized curricula which identifies the

competencies.

The gap between traditional approaches and community needs is growing
(Jorgensen et al., 2017). It is fundamental to update the knowledge, skills and
dispositions of the communities in line with 21st century competencies. The
primary institution that shapes a society is the school education system. To
improve the productivity of the education system, technological advances need
to be incorporated. The children of this new age are called digital natives and are
believed to be acquainted with new technological developments. Technological
advancements are developing every day in areas including communication,
digital competences, literacy, numeracy, and transversal competences. New
skills such as learning how to learn can support the development of autonomous
and collective individuals. These competencies will be encouraged through new
educational pedagogies and a flexible curriculum created to assist the all-around
growth of welfare, active involvement in community, and the innovative skills of

creativity and invention (Commission of the European Communities [CEC],
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2008; Drew & Mackie, 2011; Yal¢in, 2018). These developments show us that
students’ cognitive skills, as well as non-cognitive skills (affective and
psychomotor skills), are important and becoming increasingly so as the
acquisition of these skills during school years is decisive for a country’s future
competitiveness. These skills can be developed in the school environment and it
is important that students learn these skills before they are put into practice.
Business world and educational policy leaders want schools to develop students’
skills in collaboration, communication, learning to learn, problem solving,
technology literacy, and self-management in their learners; in short, 21st century
skills (National Research Council, 2012). In order to assess these skills, one type
of measurement is insufficient. Rating scales, performance evaluations, computer
simulations, and portfolios are used, as well as different types of question format
(multiple choice, computer based and open-ended items) (Soland et al., 2013;
Yalgin, 2018).

In general, there are two types of examination items: closed-ended and open-
ended. Students’ writing abilities, conceptual knowledge, and high level thinking
skills, such as assessing, analyzing, and problem solving, are routinely assessed
via open-ended items (Reilly et al., 2014). Moreover, their assessment takes time
and is likely to be influenced by the assessors’ subjectivity. To address these
concerns, automatic assessment approaches for shorter narrative replies have
been explored for more than a decade. These strategies work effectively for
items with a single or small number of correct responses. Some open-ended
items, on the other hand, require students to articulate their rationale, making it
impossible to establish a reference response. A review of past studies shows that
earlier academic work concentrated on methods such as Latent Sematic Analysis
(used mostly till 2017) and Natural Language Processing in general, and recent
improvements have an increase in interest in Deep Learning applications for
automatic grading of open-ended items. The framework for evaluating open-
ended question responses automatically is still in its infancy. The majority of
scientific research has been carried out over the previous five years, and there is

a lot of interest in trying out new ways. Examining these studies by country
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shows that those with the highest number of studies on automatic grading in
open-ended questions between 2004-2021 were the China, Germany, India, the
United States of America, the United Kingdom and so on (Casalino et al., 2021).
Innovative item types, generally preferred in large-scale assessments in Europe
(e.g., Pearson), are computer-delivered items interacting with test takers. Such
items offer many benefits to students and school systems compared to
traditional, paper-and-pencil items (Strain-Seymour et al., 2009). Numerous
studies have looked into the increased construct validity, effectiveness, and
capability to evaluate a wide range of skills and competences of new items. ltem
types are either traditional item formats (e.g., close-ended, open-ended, fill in the
blanks, multiple-choice) or innovative item formats (e.g., computer-based)
(Sireci & Zenisky, 2011). However, in Turkey, most questions consist of
multiple-choice formats in the initial stage, whereas open-ended items would
also be used. In other words, the changes to question format which has been
discussed since 2014 have not completely been implemented. One of the
foremost reasons for this is that educators are required to be fully qualified to
apply open-ended items in examinations. Such types of questions allow students
to make use of metacognitive, critical, creative, and analytical thinking skills.
However, the experts evaluating such open-ended questions are required to be
well-educated, their evaluation should be independent and objective, and
attention should be given to keep the identity of students and evaluators
confidential (Schleicher, 2017). Many global research initiatives, researchers,
and international organizations still have a common perception that Turkey’s
education system is not up to global standards (OECD, 2018a, 2018b;
Schleicher, 2017).

The attitudes, content knowledge, and skills that will be provided to students in a
planned manner are organized by the curriculum as part of a holistic strategy
(Doll, 1996; Ellis, 2004; Miller, 2007; Ornstein & Hunkins, 2004). In this sense,
the preparation of curricula in Turkey and the process of developing or changing
the education system should be considered in conjunction with other sub-

components. One of these components is the development of educational policies
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in a way that includes quality, equality, effectiveness, and universal values based
on national and social values (Ho, 2018; Hopman et al., 2014). Policies
determine the aims, principles and strategies to be achieved in Turkey. There are
intersections of theory, policy, and practice in the field of education (Apple,
2018). In line with these policies and regulations, the MoNE began to renew its
curricula in 2018. This change has been shaped according to the needs of the
education system and following the developments in education and teaching both
in Turkey and abroad. It is reflected and updated in the newly developed
curricula by taking into consideration the principles of transparency, scientific
enquiry, and participation. The mathematical competencies are described as “the
development and application of mathematical thinking to solve a range of daily
life problems” (MoNE, 2018 p. 6). The competencies include process, activity,
and knowledge built on solid arithmetic skills, thinking skills, (logical and spatial
thinking) and the ability and eagerness to use mathematical modes of
presentation (constructs, formulas, graphs, models, and tables) to varying

degrees. As stated in Turkey’s Education Vision 2023:

Indeed, “curriculum” is one of the most contested words in the conceptual map
of contemporary education. Under pressure from standardized tests, the
curriculum ceases to be a means and instead emerges as an end. This tension
builds up due to serious discrepancies between our nation’s schools. Our vision
for the future converts the curriculum from a collection of information to a
source of skills, and then to positive ways of living. It also trains teachers to
relieve the pressure caused by tests. In a system with well- trained teachers, a
curriculum framework alone would suffice (p.11).

The Ministry of National Education prepared the draft curricula (TTKB, 2017)
for the education system within the framework of basic skills and competences,
and can therefore be said to have been prepared according to the European
Qualifications  Framework (2008), National Education Qualifications
Framework, and Turkey’s Qualifications Framework (2016), which entered into
force in the Official Gazette. However, in terms of the continuity of the curricula
development process, the draft curricula differ from the previous ones. The
MoNE highlighted that curricula, which were believed to contribute to a happy

and successful life for our students, were prepared based on basic core values
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(e.g., values education) and competencies (e.g., mathematical literacy, self-
awareness, basic life competencies). For mathematical literacy, it is not sufficient
for students to only write events and situations as mathematical formulas. They
are also required to explain, justify, and interpret the facts. The goals of the
curricula include learning to use not only cognitive but also self-awareness
processes. However, the reasons for the changes made in the dimensions of
philosophy, aim, teaching process, and measurement and evaluation were not
clearly understood and have been criticized by some studies researching

teachers’ views (Colakoglu, 2018).

The MoNE states that the mathematics curricula valid until 2017-2018 academic
years are aimed at ensuring middle school students (grade 5-8) take on national
values, as well as mathematical skills. However, it is essential to consider the
spiral curricula learning outcomes, in which the number of outcomes decreases.
In the 5th grade curriculum, the total number of learning outcomes (n = 56) and
course hours (180 hours) remain the same, and, likewise, learning and sub-
learning areas have not changed. Yet the number of competencies (e.g., digital
competency) and skills planned to be acquired by 5" grade students has
increased (Ilhan & Aslaner, 2019). While both curricula aim to develop basic
skills and competencies, taking responsibility for one's own learning comes to
the fore in the program valid since 2018. In particular, it aims to make students
learn to learn and gain self-awareness. Therefore, students should be given the
opportunity to think about their own thinking, to follow their own learning needs

and processes.

The literature shows that the role teachers play in various aspects of the
curriculum development process is still relatively unknown. Current data on
teachers' experiences are limited (Altun & Akkaya, 2014; Cetin & Unsal, 2018;
Colakoglu, 2018; Yayla & Yayla, 2018). Also, concrete evidence of what kind of
changes teachers are able to adapt to while implementing in-class innovative
educational approaches, measurement and evaluation processes are open to

improvement (Shuilleabhain & Sery, 2018). Studies have often demonstrated
9



possible challenges of application of a curriculum into teaching environment due
to the complexities involved (O’Shea & Leavy, 2013) and the way teachers are
challenged to change their practices (Fetters et al., 2002). In addition, Turkish
students show very low achievement in worldwide international test results, such
as the Programme for International Student Assessment (PISA), organized by the
Organization for Economic Co-operation and Development (OECD), and the
Trends in International Mathematics and Science Study (TIMSS) and Progress in
International Reading Literacy Study (PIRLS), both coordinated by the
International Association for the Evaluation of Educational Achievement (IEA)
(OECD, 2016, 2018b; PISA, 2015). One of the reasons behind these failures is
that Turkish students are not accustomed to the restriction of fully open-ended
examination items, and thinking about processes and concepts cannot be
reflected in how they understand (ABIDE, 2016; Colakoglu, 2018).

The Turkish education system is much like a land of exams. There are several
national central examinations. Teachers are not offered many alternative
assessments due to the central examination so that they are not willing to use
alternative assessment techniques in class examinations. Even from the lower
grade level of primary school, testing and test books are a bitter reality and an
integral mode of the teaching process. Although it is emphasized in the
curriculum that teachers can use various other measurement and evaluation
approaches than those recommended, the pressure of exams makes it inevitable
to turn to objective testing. Worldwide research evidence shows that the systems
that utilize automatic, intelligent and innovative items, measure the knowledge
and skills of students, and make meaningful inferences from multimodal
measurements of student performance are not created as a whole, but by
fragmented and scattered small-scale studies. The acceleration of those studies
on all these intelligent systems depends on teachers updating their professional
skills according to the curricula, developing an effective in-class assessment
system, and preparing students for their achievements with quality items, and on
students' ability to express themselves metacognitively (i.e., by cognitive

strategy and self-checking) and affectively (i.e., worry and effort). There are
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many measurement, evaluation and assessment processes that necessitate
students practice different item types, drill and practice what they have learned
so far, solve problems, and transfer their current mathematical knowledge and
skills. Problem-solving is a dynamic process that interlinks cognitive,
metacognitive, and affective dimensions of learning in a multidimensional way
(Mangaroska et al., 2021). In this process, students’ readiness for the lesson,
their prerequisite knowledge of the subject and their cognitive levels can be
tested. During problem solving, students use both cognitive and metacognitive
thinking processes and affective processes in problem solving in-class
assessments or examinations. The role of cognitive strategy and self-checking
(i.e., metacognitive subskills) as well as worry and effort (i.e., affective process)
in in-class assessment and problem-solving processes become passionate

predictors to see “how well they did” and “what they could have done better”.

Considering the attention on the dichotomy of policy and practice, the aim of the
study was primarily to reveal the dichotomy between educational policy change
and curriculum enactment in terms of teaching method and assessment, and
students’ readiness in relation to some skills and competencies highlighted in the
curriculum. The study contributes to the educational field by providing research
on the quality of middle school mathematics teachers’ adoption of curriculum
change and by assessing middle school students’ readiness levels through
educational neuroscience methods. The findings show that mathematics teachers’

adoption of curriculum change significantly serves students’ needs.

1.2. Purpose of the Study

Following the new educational policies (e.g., Turkey’s Education Vision 2023)
of the Turkish education system, the first aim of this study is to investigate the
current quality of mathematics teachers’ authentic teacher-made items, their in-
class teaching method preferences and measurement-evaluation strategy
preferences after the curriculum has been implemented in schools. A further aim

is to investigate middle school students’ reactions and responses to open-ended
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items in terms of usage of metacognitive skills and affective processes when
provided with an opportunity to respond to quality item types. As an overall
perspective, the current study aims to present a theoretical deep data model that
is able to measure and evaluate the responses of middle school students to open-
ended items in terms of metacognitive skills and affective processes. In line with
these purposes, this study attempts to assess the following: The extent to which
the middle school mathematics curriculum (dated 2015 academic terms) is
compatible with the proposed assessment procedures within the curriculum in
preparing middle-school students for learning outcomes; the teaching methods
and measurement-evaluation strategies used by middle school mathematics
teachers in the classroom after the maths curriculum change (Official Gazette,
Acrticle 2726, Dated 19/01/2018) compared to the previous curriculum (valid
until the end of 2016-2017 academic terms (Official Gazette, Article 55, Dated
28/07/2015); middle school students reflection on their metacognitive skills
(cognitive strategy and self-checking) and affective process (effort and worry)
levels in their responses to different item types; the difference between the
amount of reflection of students’ metacognitive skill levels to their responses to
multiple-choice and open-ended items; the neuro/biomarkers needed to measure
students’ responses to open-ended items to evaluate their metacognitive
(cognitive strategy and self-checking) and affective processes (worry and effort)

through deep data modeling.

1.3. Research Questions

Five main research questions guided this study:

1) To what extent is the enacted middle school mathematics curriculum (dated
2015 academic terms) compatible with the proposed assessment procedures

within the curriculum in preparing middle-school students for learning

outcomes?
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2) Do the teaching methods and measurement-evaluation strategies used by the
middle school mathematics teachers in the classroom after the maths curriculum
change (in 2018) compare to those used for the previous curriculum (dated
2015)?

2.1) Do middle school mathematics teachers’ change their teaching

methods with the implementation of new curriculum policy?

2.2) Do middle school mathematics teachers’ change their measurement
and evaluation strategies with the implementation of new curriculum

policy?

3) How do middle school students reflect their metacognitive skills (cognitive
strategy and self-checking) and affective process (effort and worry) levels of
their responses to different item types? Is there a significant difference between
the amount of reflection of students’ metacognitive skill levels on their responses

to multiple-choice and open-ended items?

3.1) Is there a significant difference between the amount of reflection of
students’ cognitive strategy skill levels on their responses to multiple-

choice and open-ended items?

3.2) Is there a significant difference between the amount of reflection of
students’ self-checking skill levels on their responses to multiple-choice

and open-ended items?

4) What are students' reactions and responses to different types of questions with
respect to the requirement (active use) of different cognitive strategies with the
use of eye-tracker and biometric sensors including galvanic skin response (GSR)
and heart rate (HR)?

13



4.1) Is there a significant difference between the amount of reflection of
students’ affective process levels on their responses to multiple-

choice and open-ended items?

4.2) Is there a significant difference between the amount of reflection of
students’ worry levels on their responses to multiple-choice and

open-ended items?

4.3) Is there a significant difference between the amount of reflection of
students’ effort levels on their responses to multiple-choice and

open-ended items?

4.4) Do total time on task and gaze shifts have an impact on predicting

reading or not while responding to items?

5) What neuro/biomarkers are needed to measure students’ responses to open-
ended items to evaluate their metacognitive (cognitive strategy and self-
checking) and affective processes (worry and effort) through deep data

modeling?

1.4. Significance of the Study

Education has emerged as a global policy concern (European Strategy
Framework, 2015; Meyer et al., 2017; Tiven et al., 2018). The evaluation issues
comprise very diverse perspectives including models of evaluation, analysis of
evaluation systems, types of evidence, types of assessment, the source of data,
quality criteria, and existing paradigms among evaluation theories. Nevertheless,
no reform in other areas would be sustainable without radical education reform,
without raising generations that are productive, entrepreneurial, practical,
visionary, respectful of ethical values, and without reference to international and

national values, reason and science.
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In formal education all over the world, technology and human-technology
interaction demands on the educational policy agenda (Tuomi, 2018). It is
applied in as many educational and research settings as possible. When a new
promising advancements and technological tools emerge, these technologies may
appear to open up entirely new possibilities for tackling both old and new issues
more quickly. In addition, student learning outcomes are still vital to successful
global digital exchange. The research and diagnosis of students' learning
outcomes and their performance in qualified testing environments should be the
basis of both design and evaluation of new curricula and instructional
renovations in particular and quality of education in general. One of the
important steps of globalization is to follow the world not only in terms of
philosophy and approach, but also in the use of technology and methodology, to
follow current developments and to test them in national, local and regional
adaptive studies. This idea is also supported with the Maastricht Global
Education Declaration, highlighting “the methodology of Global Education
focuses on supporting active learning and encouraging reflection with active
participation of learners and educators” (p. 4) and “develop, or where developed
improve strategies for raising and assuring the quality of Global Education” (p.

5) (European Strategy Framework, 2015).

Comprehensively, the literature on evaluating students’ deep-thinking processes
(see page 64 for detail) during restricted open-ended items is sparse and does not
offer field standards or a conceptual framework for measuring and evaluating
students’ thinking processes. One significance of this study is that it attempts to
present a new and expansive framework for how to use multimodal tools (e.g.,
eye-tracking) and to measure and evaluate students’ metacognition and affective
process. While teachers' in-depth knowledge of students’ thinking helps them to
structure their teaching processes in accordance with student needs and readiness
level, it will also assist with making in-class teaching and reliable in-class
assessment compatible with the curriculum. Its multimodal evaluation will also
guide teacher to make the right decisions. With the advancement of technology,

multimodals would facilitate teachers’ work. In addition, as captured in The
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Blind Men and the Elephant (John Godfrey Saxe, 1872), teachers should be
aware of the different insights in the students’ knowledge and skills. Thus,
multimodal tools can enable us to look at students and the learning environment
from a range of angles. They can look at their own classroom practices, not from
a simple point of view, a simple direction and perspective, but from different
points of the picture with more accurate tools. Multimodal tools help students not
only by capturing and interpreting their cognitive and metacognitive knowledge
but also their affective process, their area of interest and their thinking levels at
the same time. It is of critical importance for students to be measured in a valid
and reliable way and to compare their metacognitive skills and affective
processes. Therefore, it may be thought the different insights feed off each other.

Teachers can manage processes more consistently and achieve more efficiency.

Another significance is the exploration of the policy-practice dichotomy.
Exploring teachers’ adoption of the curriculum change into their daily
mathematics classrooms while teaching and evaluating students, and trying to
capture the students’ metacognitive skills and affective processes through a
multi-model tools in understanding the relation between classroom practice and
student readiness level is thought to increase the quality of classroom practices
and in-class assessment. Measuring and evaluating students deeply in their
problem-solving process is considered important in terms of teachers knowing
these and preparing students for new systems that would change. The study tries
to show how students’ metacognitive skills can be ready to deal with higher
order thinking skills in relation to their age levels. Teachers need to invest higher
expectations in their students and teach and assess them accordingly so that they
can be competitive in the global context. It is also possible that the study reveals
how much policy change can be reflected in classroom practices, teachers’
enactment ability from instructional and assessment points, and students’
readiness level related to affect and metacognition for educational systems that
would change in the future.
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Examination of master’s theses and dissertations in Turkey shows that, as of
2010, there was a limitation of PhD dissertations compared to master’s thesis
regarding multimodal tools such as eye-tracking. Most of the studies have been
processed in the fields of computers and instructional technology, English
language teaching, primary education (i.e., CEIT, ELT, childhood education) in
particular rather than the field of educational sciences in general. This suggests
that there is a need to look at the phenomenon through the eyes of educational
scientists and mathematicians. There are more studies that utilize mixed-method
research designs than qualitative research designs, and the theses focused on
higher education and secondary school levels. The studies mostly selected
students as participants, while teachers, university students and faculty members
least frequently were employed less frequently. The subject focus of these
studies was mathematics, geometry, social sciences, English language, and
Turkish language, but they recently did not look at the usability of eye-tracking
tools in the department of educational sciences, which points to the need for this

study.

There are few interdisciplinary studies between educational sciences and other
disciplines in Europe, the UK, the USA, Canada, Asia (Catrysse et al., 2018;
Fleming & Frith, 2014; Li & Wang, 2020). Interdisciplinary studies (i.e., related
to collaborative skills among 21st century skills) in Turkey, conducted between
educational sciences and cognitive sciences [a.k.a. Neuroeducation] are currently
limited (Nunez et al., 2020). In this study, the assessment-evaluation process and
question types were focused. How an educational program is implemented in the
classroom is seen to be as important as how it measures the student from
different aspects. Feedback is provided to both the individual and the educational
process on the student's knowledge, skills and attitudes. While authentic
evaluation processes gain importance in national and international literature, the
use of restricted open-ended items, which is considered an alternative to
multiple-choice in classroom and large-scale exams, gives more explanatory
information about the students’ solution steps and processes. Our work on

students' mathematical problem solving, investigating the metacognitive and
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affective processes, is considered pioneering work in Turkey (Birgili, 2014;
Birgili & Kiraz, 2017; Koyuncu, 2017). This innovative study points to a
methodological as well as research gap in the literature, as there seems to be a
limited number of empirical studies that attempt to determine middle school
students’ metacognition and affective process through a multimodal approach.
Taken together, the study is reexplored through the lens of mathematics teachers’
in-class authentic examinations, their teaching method and measurement-
evaluation preferences under an ecological approach, and then students’
metacognitive and affective process experimentation are adapted with a
multimodal investigation. The aim is that this data uniquely forms the theoretical
basis and input for the deep data models that are intended to be accessed at the
end of the study and that evaluate students' responses to restricted open-ended
items. Its contribution to the field and society may well be unique in terms of an

interdisciplinary approach.

1.5. Definition of Important Terms

The following definitions of the key terms are employed thoughout the paper:

Curriculum Change is to make the curriculum different in some aspects, to
alter its philosophy by way of its aims, goals and objectives, to review the
content, to revise its instructional methods, and to re-think its evaluation

procedures (Priestley et al., 2015)

Assessment Change is to make adaptations in measurement, evaluation and
assessment processes and types, to meet key objectives by including adoption of
a new technology, changing a key process or restructuring the organization
(Carless & Zhou, 2015).

Authentic Teacher-Made Items is teacher-made examination items constructed

on the basis of a carefully planned table of specifications, generally with the
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same type of items and providing clear directions to the students, and used for

formative assessment in classrooms (McMillan et al., 2002).

Metacognition is defined as the cognition of cognition (Flavell, 1979) and
expanded as the method by which people reflect on their own thoughts in order
to create solutions to subject-based problems. This process has been broken
down into several sub-categories such as awareness, cognitive strategy,
monitoring, planning, self-checking and so on (O'Neil & Abedi, 1996; O’Neil &
Brown, 1998). Among several metacognitive subskills, cognitive strategy is a
goal-directed and consciously regulated that supports or facilitates performance
as learners create internal processes that provide them the ability to carry out
desired skills. It can be domain-specific as well as general. In other words,
whereas domain-specific strategies are effective in a particular context and can
be applied in other situations, broad strategies indicate problem-solving
procedures spanning a wide range of situations (Mcewen et al., 2009); Self-
checking is “self-monitoring one’s performance when engaging in a task”
(Shaughnessy et al., 2008 p. 117). For instance, while responding an item,
students’ findings their own error on the solution, asking questions to stay on

track may activate their self-checking subskills.

Affect is a “psychological term which states the experience of feelings and
emotions. It is a generic term for emotions and other mental states that have the
quality of pleasant-unpleasant, such as feelings, moods, motives, or aspects of
the self, e.g., self-esteem” (Forgas, 1994 p. 57). In addition, affect is “a
physiological reaction of one’s to testing experiences such as fear, physical
discomfort or nervousness” (Lufi et al., 2004, p. 177). As a cognitive
phenomenon intimately link to affect, worry relates to one’s self-evaluation of
the suitability of the assessment type to measure the one's cognitive capabilities
and the cognitive aspects of their anxiety (Awang-Hashim et al., 2010). It is a
cognitive distress related to testing (Lufi et al., 2004). While effort, relates to
“the willingness to keep trying and the mental strength or willingness to persist

to complete a task” (Awang-Hashim et al., 2010 p. 343).
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Eye-Tracking is to track eye position and movement to follow visual attention
during performance. It helps researchers to measure one’s eye movements in real
time and know where one’s focus is at any given time. For a variety of purposes,
academics and researchers use data on eye movements and fixations, such as to
evaluate one’s attenton, contrast group behavior, track responses to stimuli
visually, and more. Researchers can use eye tracking to discover what grabs
people’s attention right away, what they ignore, what order they notice things in,
and how some things compare to others. It can be screen-based, with glasses and
VR (Holmgqvist, & Andersson, 2017; IMOTIONS, 2021). Gaze shift is the
realignment of the line of one’s vision so as to bring the image of a new object of
interest to the central retina where receptor density and hence visual resolution
are the highest (Binder et al., 2009). Area of Interest (Aol), also referred to as
an AOI, is a tool to select regions of a displayed stimulus and extracting metrics
specifically for those regions. It defines the area by which other metrics are
determined, despite not being a measure in and of itself (IMOTIONS, 2021).
Total Time on Task is the total performance time spent by a student during
assessment or testing experience, including instructional time as well as time
spent for performance such as studying and completing assignments (e.g., group

projects, reading, writing, and thinking aloud process).
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CHAPTER 2

LITERATURE REVIEW

This chapter introduces the philosophy behind study as the teacher agency in
curriculum and assessment practices change after policy change through
ecological approach and then overview of various educational assessment
concerns globally, and analysis of in-class assessment. Then, it gives a brief
summary of the relevant literature about the analysis of authentic teacher-made
items related to some cognitive taxonomies. This review of literature enriched by
cognitive diagnostic models in general and student monitoring systems in
Turkey, and then the importance of measuring students’ metacognition and
affective processes through eye-tracking tools and other biomarkers. The
literature encompasses imperative need of artificial intelligence systems in
education, the most recent developments on how deep data models are used in
the students’ learning process, and especially the effect of innovative item types
on the learning process and students’ success, and the essential needs to evaluate
the knowledge and skills of our country's children with very comprehensive

intelligent systems are presented.

2.1. Teachers’ Role to be Change Agents in Curriculum Development

Process: An Ecological Approach

Agency is a quality of engagement of actors, namely teachers in educational
contexts. It is not related to what the teachers have but what they do and achieve
(Biesta & Tedder, 2007; Leijen et al., 2020). The ecological understanding of
agency (Emirbayer & Mische, 1998), which has been used as a framework, has
three dimensions. They are 1) iterational, 2) projective and 3) practical-
evaluative by considering the influences of past experiences, engagement with

present and so orientations toward the future.
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Teachers as being the agent of curriculum change (Priestley, Biesta & Robinson,
2015) have become an accepted phenomenon which was believed to close the
knowledge gap between purpose and practice of curriculum making process. In a
more flexible way, it puts the teachers at the heart of curriculum development
process and are seen as independent developers of a curriculum (Celik &
Kasapoglu, 2014; Nation & Macalister, 2010; Priestley & Biesta, 2013; Rahimi
& Alavi, 2017). This approach has been aimed to prepare teachers with
appropriate knowledge content and pedagogy after a curriculum change in a
country. Rather than relying on specification of content knowledge, teachers
have an opportunity to study active forms of pedagogy, facilitator of learning,

being aware of accountability and professional developers of a curriculum.

There are three dimensions focused on the ecological approach: individual,
structural and cultural. Accordingly, not only autonomy, but also other factors
affect how teachers decide during application of curriculum change in the
classroom. For instance, a really agentic teacher would like to do adaptations in
their first-hand practices, yet structural or multitude of factors may not allow it
(Bascia et al., 2014; Wallace & Priestley, 2017). The ecological approach is not
only a theoretical but also a methodological framework. These dimensions can
be shaped by observations and following other qualitative approaches. How
many objectives are achieved and how the decision-making process works are
critical questions which have been answered in the ecological approach. “How
effective are the beliefs of teachers in individual factors in the decision-making
process? How do the pressures of the centralized system, structurally, reflect on
the teachers? How do the ideas, habits guide teachers in a school?” are thought
provoking questions which may dig up teachers’ practical experiences in the
light of ecological approach. Agency can be achieved under particular ecologies.
Therefore, teachers can develop their agency relying on the collaboration of the
competences and ecological conditions (Biesta & Teddler, 2007; Priestley &
Drew, 2016).
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Priestley and his colleagues (2012) studied with two high school science teachers
regarding their curriculum enactment. They discovered that the teachers carry
out the curriculum in different ways depending on their belief system. One
teacher, for instance, implemented lecturing because he thought of his students
as passive consumers of knowledge. His teaching method in instructional
approach was quite didactic. He carefully followed the documents outlining the
official curricular policy. The study, however, also discovered that the second
teacher, another participant in the study, acted out a very different course
experience because she thought life science education should encourage creative
thinking. So, she used many ways and her teaching method was very promising
which engaged her students with course content. It was evidenced that the
teachers generate positive beliefs about new curriculum reform with the help of
their professional development. Yet they keep their newer beliefs more minor,
while keeping their core belief sets.

Mesker et al. (2018) used ecological approach in relation with professional
development teacher candidates in the international arena. Socio-cultural
differences have been the main concern that may somehow challenge during
action or interaction in teaching and learning. According to their understanding
of ecological perspective, Mesker and his colleagues believed that ecological
approach considers past, present, and future dimensions. So, the impact of the
personal histories, experiences, and interpretations of their student teachers on
professional development has to be better understood by teacher educators.
Through a qualitative approach, they used case study design to investigate the
boundaries noticed by eight student teachers while they were doing their
international internships for their professional learning. They were aimed to
explore where this learning experiences originate. Four data sources were used
during the study. These include each student teacher's unique history, two
individual inventories that include perspectives on sociocultural differences, and
individual interviews. According to research findings, they found 15 main
boundaries. For instance, boundary 1 and 14 is about “Discontinuity is related to

existing pedagogical approaches and student teachers perceive boundaries in
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teaching aspects” (p. 7) whereas boundary 7, 8 and 9 is about “Discontinuity is
related to specific school type or culture. Students perceive a boundary in their
teaching practice, which is the result of the school culture or school type of the
school where they are interning” (p. 7). They concluded that students’ teachers’
professional experiences abroad have multiple dimensions including also cultural
or personal aspects. Therefore, it was suggested that teacher educators should not

merely concentrate on gaps in teaching knowledge or abilities.

As Zhang and Shen (2012) stressed, Teachers who are focused on their
professional growth and have clear plans for it can gain more "agency" than
those who do not. Teachers who are experts in their field can demonstrate greater
agentic behavior than those who are novice. Structures and cultures of their

professional life should be considered to deduce from their practices.

2.2. Bloom’s Revised Taxonomy and TIMSS Framework

Bloom’s Revised Taxonomy has a framework which measures cognitive process
and knowledge dimension of examinees. The original Bloom’s Taxonomy was
widely accepted to be used as a framework by many educators since 1956
(Bloom et al., 1956). This was used to define educational objectives in line with
any curriculum so that educators better and more concretely assess the learners.
According to Amer (2006), the taxonomy is so rigid in terms of its principles
which points out simple to complex, having cumulative hierarchy. In this
cumulative hierarchy, each level from knowledge to evaluation has organized to
growing complexity and each level was assumed to consist of all behaviors of
the less complex level while increasing in levels. It was designed as
unidimensional which aimed to define objectives of what students intend to learn
and to be able to do objective based evaluation, and categorize those objective
statements written by educators in teaching and learning process. This taxonomy
became the rule for mastery learning (Bloom, 1956, 1964, 1968, 1971, 1974,
1976, 1985; Bloom & Rakow, 1969; Guskey, 2010) because mastery of one low

level category became a requirement to achieve mastery in the next high-level
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category. These categories were: Knowledge, Comprehension, Application,

Analysis, Synthesis, and Evaluation.

However, once the research and theoretical studies conducted on Bloom’s
original taxonomy have been enlarged, it was criticized for measuring a
generalized knowledge domain. Several drawbacks and practical limitations have
been discussed and disputed (Amer, 2006; Bloom, 1987; Forehand, 2005;
Krathwohl, 2002). A team of testing and assessment experts, curriculum and
instruction researchers, and cognitive psychologists made the decision to update
the first classification (Anderson et al., 2001, as cited in Amer, 2006). Since they
believed that original taxonomy did not allow users to assume overlapping
between categories; that Knowledge level sometimes can be more complex than
certain skills for Analysis or Evaluation; that Evaluation is not more complicated
process than Synthesis; Synthesis involves Evaluation (Amer, 2006). Recent
developments in Constructivism (Slavin, 2003), Metacognition (Zimmerman,
1998), Self-regulated learning, Self-awareness, Self-monitoring triggered to
reshape and redefine behavioral approach to measure knowledge and skills in
learning and assessment. Therefore, the dimensions of cognitive demands

became significant (Forehand, 2005).

Secondly, this taxonomy did not adopt learners' levels of higher order thinking,
which seem to be significant for enhancing the quality of instruction and
assessment. Therefore, Anderson, Krathwohl and their colleagues created the
two-dimensional revised Bloom’s Taxonomy. 1) Knowledge Dimension
included: Factual Knowledge, Conceptual Knowledge, Procedural Knowledge,
and Metacognitive Knowledge. 2) Cognitive Process Dimension included:
Remember, Understand, Apply, Analyze, Evaluate, Create (Anderson, 2005;
Anderson et al., 2001; Anderson & Krathwohl, 2001; Krathwohl, 2002). Since
then, the Revised Bloom’s Taxonomy has been broadly used through an
international perspective in mathematics (Ernest, 1999; Radmehr & Drake, 2017,
2018, 2019), science (e.g., Lee et al., 2017; Lee et al., 2015; Tan, 2019) and
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other educational research studies (Cheong, 2018; Porter, 2006; Reynolds, 2019;
Uymaz & Caligkan, 2019)

TIMSS Framework, on the other hand, is known as the most prolonged, large
scale international assessment of mathematics and science education in the world
(Mullis & Martin, 2019). Mullis and Martin (2019) explain the cognitive

domains:

The first domain, knowing, covers the facts, concepts, and procedures students
need to know, while the second, applying, covers the capability of students to
apply knowledge and conceptual understanding to solve contextual problems or
response items. The third domain, reasoning, goes beyond the solution of
routine problems to include unfamiliar situations, complex contexts, and
multistep problems.

The content domains and cognitive domains in TIMSS assessment framework
(Table 2.1.) are depicted as:

Table 2. 1. Content and Cognitive Domains in TIMSS Framework

Grade Level (Content Domain) Grade Level (Cognitive Domain)
4" Grade 8" Grade 4" Grade 8" Grade
Number: 50% Number: 30% Knowing:  40% 35%
- Algebra: 30% Applying:  40% 40%
Measurement and . 50 Reasoning 0 0
Geometry: 30% Geometry: 20% : 20% 25%
Data: 20% Data and

Probability: 20%

Note. From TIMSS 2019 Assessment Framework: TIMSS 2019 Mathematics Framework (pp.
13-25), by Mary Lindquist et al., 2019, Boston College: TIMSS & PIRLS International Study
Center, Lynch School of Education. Copyright 2019 by the International Association for the
Evaluation of Educational Achievement (IEA). Reprinted with permission.

As stated by TIMSS Mathematics Framework, Restricted Use Items for Grade 4
(pp. 105- 110) (see. Table 2.2.):
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Table 2. 2. Sample Items in TIMSS Framework

Sample Label Content Topic Area Cognitive

Item # Domain Domain

M041291 Subtract 428 - 176 Number Whole numbers Knowing

M051140 Expression for Number Expressions, Applying
Jenny's age Simple Equations,

and Relationships

Which rectangle is Number Fractions and Knowing
M041298 1/4 shaded Decimals
MO041124 Use the rule to Number Expressions, Applying
complete the table Simple Equations,

and Relationships

MO051093 Perimeter of the Geometric Two- and Three- Reasoning
given shape shapes and dimensional
measures Shapes
MO041264 What is the area of Geometric Two- and Three- Applying
the triangle shapes and dimensional
measures Shapes
MO041191 Peter's height Data Display Reading, Applying

Interpreting, and
Representing

MO051077 What students did Data Display Reading, Applying
after school Interpreting, and
Representing

Last but not least, when the authentic teacher-made examination items inspected
related to measuring the amount of LoTs and HoTs, McREL International (2017)
proposed the trend of item analysis findings from an international perspective
and stated that teachers prepared the items mostly based on LoTs such as
remembering (11.5%), understanding (27.6%), applying (32.1%); whereas in a
limited portion of HoTs such as analyzing (16.2%), evaluating (5.1%) and
creating (4.7%). In addition, the fact that the teachers mostly tend to ask LoT
questions than HoTs were in support of earlier studies on the estimation that 70
to 80 % of all items require the simple recall of facts (i.e., LoT items), while only

20 to 30 % require the HoT items which triggers thought processes of clarifying,
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generalizing, and making inferences from the items (Haynes, 1935, as cited in
Khan & Inamullah, 2011; Gall, 1970). The findings of Gall (1970) stated that
teachers tended to prepare items having 60% recall, 20% procedural and 20%
thought provoking. Those of Lee (2015) revealed that 79% of the total items
asked were lower-order questions whereas only 5% were targeted to measure

higher-order items.

2.3. Teachers’ Role on the Curriculum Development Process in Turkey

Curriculum development process for curriculum change is a team work.
Although developed under the National of the Board of Education and sent to all
schools in Turkey, national curricula have been developed according to top down
approach (Bascia et al.,, 2014; Rahimi & Alavi, 2017), experts from the
Ministries several academics, educators and teachers are labor intensive and
efforts in this process. The draft curricula were evaluated with great precision in
a workshop attended by 360 people who participated in working groups
including academicians and teachers (TTKB, 2017, p.13). However, 2017-2018
National Education Statistics (2018) depicts that a total of 1 030 130 teachers
currently work in formal education. It is a matter for teachers in Turkish schools
who do not take part in curriculum development in a way that they can assimilate
these changes in their schools. How they use all changes effectively within the
classroom currently has a gap.

The program development process starts with a short idea of education, namely
philosophy. The approach to be developed according to this philosophy is
determined. The most appropriate program development model to be shaped by
the theory and practice of education is selected and appropriate steps are
followed. Then, it continues with the determination of the general and specific
aims of the program. In order to reach the target learners, learning objectives
specific as aims to the course and the subject, in other words learning outcomes
are determined. At the beginning of the process, if the needs of the target

learners are not defined, they should be subjected to a needs analysis process.
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After this step, the program design and development process begin. At this stage,
the content of the subject to be taught according to the knowledge, skills and
affective aspects of the learners is selected. The tools, content, material,
technology etc. to be used in the teaching process is detected. The measurement
tools are prepared to determine the process and how much the student has
learned in order to give feedback to the educator. At this stage the program is
developed. The implementation process of the program continues with the
formative and summative evaluation steps. The program is evaluated. Experts of
other branches from whom get benefit in this education process, for example;
education technologist, education economist, psychologist, etc. In the intellectual
background of this large picture, it is worth to be highlighted that it is actually
associated with the social, cultural, political and economic reality of its society
(Bascia, et al.2014; Bimen, et al., 2014; Demirel, 2012; Kerkez, 2018; Nohl &
Somel, 2016; Oliva, 2009; Ornstein & Hunkins, 2004).

Teachers, who are the most significant cornerstone of the education system and
how active they are in the program development process, have always been open
for research (Bascia et al., 2014; Oliva, 2009; Priestley et al., 2012; Stein, et al.,
2007). We assume that they are the one who know the subject matter knowledge
in the best way and teach it to students. In performing their profession, they are
also those whom we expect to choose the right method to teach the students
according to the curricula and the best way to teach them in their teaching-
learning process (Tan-Sisman & Karsantik, 2017). Thus, why they should be
deprived of a curriculum development process when it is expected to have such
an active role is still a debatable and hot topic in the context of Turkish education

system.

One of the interesting studies which payed attention to teachers’ role in the
curriculum development process in Turkey was conducted by Kerkez (2018).
Kerkez’s thesis explored, as followed by a phenomenological research design,
the teachers’ opinions about the theory and practice of curriculum development

process in vocational and technical education in Turkey. 19 teachers who had
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attended in the curriculum development commission within the years of 2012-
2016 were conducted semi-structured interviews while they were also working at
the state vocational and technical high schools in Ankara. The results
investigated that renewal of a curriculum is a systematic process and this process
necessitates cooperative group work from different stakeholders. Some teachers
were found to have inadequate knowledge of curriculum even though they know
the relation between curriculum and instructional activities. They have a general
awareness of the traditional program development process. Besides, it has been
determined that the participant teachers have some incomplete and incorrect
knowledge about the core elements of a curriculum. These deficiencies,
specifically, were found to be about aims, content, and instructional aspects. This
study stressed that even though some teachers have a general overview of the
curriculum and gain experience in this process, they may still have incorrect
knowledge in some elements. Hence, this may cause the inability to accurately
reflect the objectives within the classroom. It is also important to question the
views about these elements in the enacted curriculum. What they know and to
what extent they can adopt the enacted curriculum should be enquired in the
study together with its basic elements.

2.3.1. Curriculum changes reflected on practice of education

A recent study found in the extent literature about the effect of curriculum
changes on the practice of education was conducted by Blmen and others
(2014). They also agreed and stated that there is a centralized education system
in Turkey. While implementing the curriculum (enacted curriculum) developed
by MoNE, teachers in Turkish schools make many adaptations for their classes
depending on its region and changes based on their own preferences or on their
students. On the other hand, some scientific studies remarked that the renewal of
curricula does not assure to be the renewal of classroom practices (Atila, 2012;
Bimen et al., 2014; Oztiirk, 2012; Yasar, 2012). From this perspective,
Blimenand the colleagues (2014) showed us the importance of opening out how

teachers adapt the renewed curriculum as enacted in their classroom environment
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as well as their authority and degree of freedom. They found out the effect of
factors on the curriculum as teacher qualities and training, program properties,
and institutional features. In addition to the literature, other variables worth to
investigate are students’ characteristics such as learning differences,
achievements (Kaya et al.2012), high stake tests (Giines & Baki, 2011),
centralized education system itself, also regional, social, economic, and cultural
differences (Goodlad, 2007). Most importantly, they drew attention to the results
of some significant studies on teachers’ awareness and knowledge of the
curriculum development process. Since 2014, the results have revealed that
teachers in Turkey are not master sufficiently with “the curriculum” (Tekbiyik &
Akdeniz, 2008) because they see the curriculum as a list of subjects or yearly
plan rather than a lively and active process. They cannot perform the roles given
to them. They think that the stakeholders create unrealistic programs and are
generally developed by academics and the lesson process (Kaya et al.2012).
Unfortunately, they have also serious difficulty in assessment (Yasar, 2012).
Following, there is a great need for their professional development to prepare
them for in-class practices after curriculum changes. They struggle to fulfill the
curricular mandates (Greene, 1995; Priestley et al., 2012; Pinar, 2012). All in all,
these factors affect teachers' perception and belief system so that their
application during in-class teaching and assessment cannot be matched with the
aims of the curriculum. Thus, this triggers a gap between the official and enacted

curriculum.

Foreign language teachers’ perceptions on a top-down national curriculum
change were investigated by Rahimi and Alavi (2017)’s study. They studied 127
teachers who had been enacting this curriculum change process for three years
through a quantitative design. The teachers’ perceptions were measured by a
perception change survey with three focus; administrative support, new
curriculum, and teacher practices. According to quantitative analysis, the
findings showed that the experiences of teachers accounted for 9% percent of the
variance in the results of curriculum change. The researchers also supported the

results with a qualitative approach by structurally interviewing 10 experienced
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and 8 novice teachers in the field. The findings enlarged with triangulated data
revealed the teachers were optimistic on the new syllabus but they thought their
agency was overlooked in this curriculum change. On the other hand, the
concerns of experienced teachers were regarding the practical side of this
curriculum change, for instance, time issue and deficiency of audiovisual tools.
In brief, this study expressed the need of looking at the actual practical impact of
curricula changes. Experiences and perceptions of teachers, and how they are

adopted in teaching are the main issues of a curriculum change.

Foremost among these, Burul’s master thesis (2018) emphasized the importance
of examining the commitment of teachers to the official curriculum. Because it
guides us to measure the harmony between the official program and the enacted
one. Although they are thought to be similar, it is likely that there will be
differences in practice according to school, environmental conditions and needs
of students. In this context, it is important to focus on the reality of the
implementation process (Gerstner & Finney, 2013). In particular, the degree to
which the program is applied and how it is applied should always be
investigated. Teacher characteristics are one of the most important factors
(Bumen et al., 2014).

Within this framework, Burul (2018) studied the association between the
teachers’ preferences of curriculum design and their curriculum fidelity. He
selected 319 primary and secondary school teachers conveniently in two districts
of Balikesir, Turkey in the academic year of 2015-2016. The method was
quantitative survey and causal comparison study that measured teachers’
curriculum design approach preferences by using “Curriculum Design
Orientations Preference Scale of Teachers.” “Curriculum Fidelity Scale” was
also developed to determine the fidelity of the teachers toward the enacted
curriculum. According to the results, teachers preferred more student-centered
design approaches. There was no statistically significant difference between the
group of teachers except their level of teaching. It meant that those working in

primary school seem to prefer subject-centered design compared to those in
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secondary school. Primary school teachers tended to share more ideas and
collaborate with their colleagues about curriculum than secondary school

teachers.

Eris and Kiligoglu (2019) conveniently selected 222 teacher candidates from the
department of classroom teaching in order to investigate their competencies in
the curriculum development process. They used a scale to determine their
curriculum development skills which then analyzed statistically thorough SPSS
to reach the descriptive and inferential results. This quantitative designed study
revealed some variables such as gender, class and university were found
statistically significant in context of curriculum development competencies. The
findings showed that the teacher candidates were poor at preparing course plans,
“using teaching approaches to raise the students’ capacity, and differentiating the
teaching and learning process for students’ individual differences. In addition,
they showed moderate competency regarding development of a curriculum and
measurement and evaluation in educational context. On the contrary the
participants had good competence in founding the relationship among
educational program items such as purpose, content, instruction, evaluation, and
determining the goals at different domains as Cognitive, Affective, Psychomotor.
Through the curriculum change in 2017 in Turkey, very few studies have been
conducted to gather teachers’ opinions on draft curricula. For instance, Ozcan
and Diizgiinoglu (2017) searched for science teachers’ views on draft curricula
through a qualitative research paradigm. They conducted individual interviews
with ten science teachers who had been selected by criterion sampling method.
The qualitative data obtained were analyzed and presented descriptively. The
findings described that the common point of teachers highlighting the draft
curriculum period has some weaknesses. The stakeholders could not prevent the
process from negative consequences such as subject selection, adding or
removing some subjects from the draft curricula. It was seen that there was no
change in the evaluation of the current curriculum, its educational philosophy,
teaching methods and techniques and measurement-evaluation. However, when

we look at the findings from who were the practitioners of the curriculum, it was
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understood that they have not exchanged their views with their groups during
teacher meetings in the schools. However, considering the content knowledge of
science teachers across the country is not the same, it is seen that the
achievements on application process of draft curricula within this form do not
provide enough guidance to science teachers. One of the findings of the study
remarked that without fully implementing the curriculum, the teachers and
authorities cannot explore the basic deficiencies. They also suggested that
authorities should identify the deficiencies with opinions and suggestions by
taking all stakeholders' opinions. Thus, it can be inferred that searching for in-
class lived experiences of teachers are highly significant to reflect more on the

enacted curriculum.

Likewise, Shawer (2017) shared that the more teachers make changes and
adaptations in line with their students’ needs, the higher the performance of the
students due to the received and taught curriculum would become different.
Otherwise, teachers may be inclined to follow “teaching to test” by taking large-
scale assessments as their principal referencing point. What materials they can
use in instructional implementation may be manipulated by the preparation for
and expected findings of these tests (Boardman & Woodruff, 2004).

2.4. Assessment as a Global Concern

Assessment can provide a wide range of benefits to educators, teachers, parents,
policy makers, researchers. Through assessment, we can get information whether
an educational program is effective; descriptive or functional models about
psychological attributes; a rationale to support for international education;
measure and evaluate students’ not only knowledge but also skills and
dispositions, understand learning and developmental processes, and even
diagnose problems (Sternberger et al., 2009). When planned and implemented
effectively, assessment can examine factors such as generally content
knowledge; mostly cognitive function, cognitive ability, executive functions, and

fair extended motivation, attitudes, values. However, if educators or policy
34



makers are aimed to evaluate all aspects of education delivered to students, a
good global, international or national, in-class assessment should include
multiple tools and methods integrated with the enacted curriculum. We can
examine not only direct evidence of student learning (via tests, papers,
portfolios) but also indirect evidence (via students’ perceptions of their learning)
for their school performance. However, by applying robust curriculum
development and evaluation systems with outcome-based evaluation strategies,
educators or policy makers can infer from limited use of assessment results. In
global education, the education systems require beyond traditional movements of
inputs and outputs to embrace the complex impact of international learning on

students’ happiness and academic success (Deardorff, 2007).

Studies have often evidenced possible challenges of application of a curriculum
into the teaching environment due to its complexities (O’Shea & Leavy, 2013)
and teachers become challenged of how they should change their practices
(Fetters et al., 2002). In addition, Turkish students show very low achievement
between participatory countries in international test results such as Programme
for International Student Assessment [PISA], International Mathematics and
Science Study [TIMSS] (OECD, 2016, 2018b; PISA, 2015) even though in
Turkish students’ level was in the last place below average, called the third
group; now it's very close to the average in 2018 results (Ministry of National
Education [MoNE] PISA Pre-report, 2019). Some reasons behind these failures
is that our students are not accustomed to solve the restricted open-ended items
during in-class assessment or authentic teacher-made exams; thinking about
processes and concepts cannot be reflected in how they understand (ABIDE,
2016; Colakoglu, 2018).

Therefore, in recent years, the differences between students’ academic
achievement, test-taking efforts in the classroom and their success and
motivation in international exams are striking (Andrews et al., 2014; EkI6f et al.,
2014; Hopfenbeck & Kjarnsli, 2016; Michaelides et al., 2020). Thus, it has

emerged that students should be measured in multiple methods and techniques. It
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is essential for improvements in the teaching and learning process to follow
authentically what students think and express while solving questions (i.e.,
process of responding). Then, educators, teachers, policy makers can make
evidence-based decisions with multiple data in decision-making processes. In the
re-development of the national curriculum and in-service education for teachers,
data-based decisions and scientific findings can be shared and more valid
guidance can be made. Studies have emerged showing the need to investigate in-
depth what teachers teach but contrary what students understand. However, there
is little evidence (Unal et al., 2020; Azevedo & Aleven, 2013; Van Gog &
Jarodzka, 2013) in the related literature including interdisciplinary studies in

Turkey.

2.4.1. Measurement and evaluation system in Turkey

The national context in Turkey is familiar with sudden changes in terms of
educational reforms and innovations. Changes to curriculum, measurement,
evaluation and assessment including examination systems have often become a
hot topic due to such sudden changes. Since 2014, phrases such as “open-ended
questions are considered for SBS”, and “a new system to replace SBS” have
become a current issue to point out the changes considered to be made in large-
scale examination system (Haberport, 2019; see Ozkaya 2021 for curriculum
comparisons). Another matter of debate on such changes having press coverage
is that open-ended items would replace multiple-choice in the TEOG
examination system applied during transition from middle school to high school.
Even the possibility of including open-ended items in large-scale examination
systems has caused a dilemma among educators, academicians, and instructors.
Discussions are still ongoing about possible consequences of implementing
open-ended items in large-scale examinations, the quality of open-ended
questions, evaluation of the examination results, and whether such evaluation

would be objective.
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As a matter of fact, multiple-choice and open-ended items are inherently used to
measure various forms of knowledge and skills categorized under different
taxonomy (i.e., comprehension, application, analysis etc.). Differential effects of
these two common question formats have been examined from various
perspectives in previous studies (Bilgeg, 2016; Cohen et al., 2007; Eren, 2015;
Giiltekin & Demirtasli, 2012; Karadeniz, 2016; Koyuncu, 2017; O’Neil &
Brown, 1998; Stepankova & Emanovsky, 2011). Since 2014, such differential
effects have been a thesis subject within the context of what kind of
metacognitive skills could be more efficiently measured. Also, these differential
effects were investigated which affective behaviors could be triggered by these
question formats whereas efforts have been made to address potential dilemmas
and questions by tangible outcomes in the light of scientific methods (Birgili,
2014; Eren, 2015; Koyuncu, 2017). Hence the current research investigated
students’ and teachers’ in-class experiences regarding open-ended question
formats because since 2014 there has been a limited amount of research, which
explored this phenomenon with a holistic perspective. The scope of research was
very narrow and revealed what has been going on in-classes in the schools after

the question format dilemma in the Turkish examination system.

The results from various international and national large-scale assessments of
students indicated that the tendency of assessing students’ performance toward
the use of MC. The Turkish examination system has been totally based on MC at
various levels of schooling as in OKS, SBS, TEOG, University Entrance Exam,
ALES etc. Although most students demonstrated acceptable performance in MC,
many students’ performance has been low. In PISA, examination results clearly
showed that Turkish students’ mathematics and science performances were
lower than those of many other participating countries (OECD, 2012, 2014,
2016; PISA, 2012, 2015). According to PISA 2015 results, Turkey was ranked
nearly last in the mathematics, science and reading sections. Among 72
countries, China, Japan, South Korea, Singapore, Denmark, Sweden etc.
participated in the PISA 2015. Turkey was ranked 50 with 420 points in

mathematics (Xmean = 461), 54 with 425 points in science (Xmean = 465), and 50
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with 428 points in reading (Xmean = 460). Several studies (e.g., Berberoglu &
Kalender, 2005; Eraslan, 2009; PISA, 2015; TUSIAD, 2013) inspected possible
underlying reasons of our student’s failure. One of the significant findings from
the national exposition of The PISA 2015 international report indicated that
learning activities in the school are more effective than learning activities outside
the school in the students' learning. Then, the better the quality of teaching and
the variety of teaching methods in the classroom, the more successful the
learning activities during in-class teaching (Kyriakides et al., 2018). This brings
the positive aspects of an effective teaching method into the classroom. It is seen
that Turkish students did not successfully express themselves while solving OE
question formats. It seems to us that this failure of Turkish students in
international examinations is due to the fact that teaching and assessment
methods can not prepare our students for these examinations. Each experience of
students during in-class teaching should not only prepare for recall level of
information, in other words “knowing” level but also for “applying” and
“reasoning” level. They should be exposed to in-class experiences so that they
are able to show their level of knowledge in international arenas where the depth

of knowledge changes.

The curriculum development process and the change of measurement and
evaluation decisions in Turkey have mostly failed to include teachers’
perceptions in decision-making. Because the Turkish National Board of
Education is the only certifying authority in curriculum development and
decision-making process. On 13th of January, 2017, Ministry of National
Education announced that 53 different draft curricula for primary, secondary,
high school level had been published in the website of the Ministry. Respective
people from the Ministry investigated the perceptions regarding new curricula
from every segment of the society so that the new curriculum could be applicable
as of 2017-2018 in all Turkish schools. MoNE organized several national
workshops to get feedback and views from stakeholders, teachers, academicians,
educators, non-governmental organizations (MEB, 2017; TTKB, 2017). After

the announcement, a great number of public, private institutions and non-
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governmental organizations (ACEV, 2017; Ankara University, 2017; Bogazici
University, 2017; ERG, 2017; METU, 2017) published their own views and
suggestions. These organizations all agreed that there is a lack of process
regarding who the stakeholders were in the new curriculum development
process. These views and suggestions indicated that they could not evaluate
because of the fact that they were not sure about the effectiveness and
qualification of the group who had worked on the subject-matter and curriculum
development process. However, it is an international belief that teachers should
be at the heart of developing curriculum policy into practice (Priestley, 2017).
Hence a critically significant suggestion was that the curricula should be
reviewed by teachers who are qualified in the subject matter, experts, scientists
and other stakeholders. In addition, it was frequently reported that guidance for
teachers was not sufficient about how the instructional strategies can be arranged
by them and how general goals, learning outcomes can be evaluated. Teachers
have recently been reinvented as change agents and professional curriculum and
assessment experts through an ecological framework in global education policy.
(Alvunger, 2018; Biesta et al., 2017; Priestley et al., 2015; Priestley, 2016,
2017).

One of the important points in achieving the targeted level of success with the
draft program is that the program can be implemented effectively. One of the
most important responsibilities at this stage is to allow teachers to be well-
trained on various assessment types, programmed, to have a say in the program
or measurement preparation process. Teachers should be given the right and the
duty to be involved in the decision-making process in order for the outputs of the
program to be measured effectively. However, in Turkey, where the test system
IS so coherent that the use of the curricula is controversial, it remains unanswered
how and to what extent teachers are involved in the process of the change in
national curriculum-making (Priestley, 2010). In this context and in light of the
discussions, the study is focus on the extent to which the teachers play a decisive

role in the assessment and evaluation system in Turkey.

39



Intelligent systems that are thought to facilitate human life where technology
develops in such a way, and even in some areas can be traced to human beings,
are called Artificial Intelligence. It is argued that artificial intelligence systems
are important for education, what roles they will take, and they are working on
their designs rapidly in engineering sciences. “Artificial Intelligence” Systems is
thought to play an important role in increasing the quality of education and
economics in particular. Some of the developments in the world since 2017 that
are expected to affect the national context include: 1) Analysis and
categorization of students' written exams in detail; 2) Virtual reality systems for
an immersive education; 3) Simulations and games for rich and deeper learning
analysis; 4) Intelligent teaching systems and developments in language
processing ability etc. (Budak, 2017; GoOc¢mez, 2017; Rossi, 2017; Yasar
University, 2017). Analyzing, evaluating, interpreting and evaluating on open-
ended questions used on large scale exams around the world via artificial
intelligence systems (e.g., Pearson, PARCC, NAEP) (Bilgec, 2016) is quite
difficult, still being studied but characterized as a great need for the future. The
use of open-ended questions has been accepted for large-scale assessments in
Turkey in which millions compete every year. Work on specific projects has
begun. However, since the existence of a valid and reliable system has not yet
been identified, this rapid transition process has been suspended. For this reason,
one of the sub-goals of this study is to investigate how open-ended questions can
be evaluated through an Artificial Intelligence system. The current research also
examines how an artificial intelligence system to be developed can make the
closest, correct, valid and reliable prediction of cognitive skills, self-checking,

worry and effort dimensions from open-ended responses of the students.

2.4.2. Authentic teacher-made assessments

Turkey is a land of exams. Around 50 different exams are delivered in a year
(OSYM, 2019). For this reason, the examination system is ready to change at
any time and within the framework of education policies, they can change even

overnight. However, due to the decisions taken by the Ministry of National
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Education through Turkey’s 2023 Education Vision (2019), the quality of the
exams will be prioritized. This means a system that will enable children to fully
develop and prioritize their development as a whole so that the exam-based
system will be progressed gradually (MoNE, 2019). Multiple-choice exams, with
which educators have been trying to measure many skills at the same time in a
very short period of time for ages, can be replaced by the possibility of taking
more authentic, progressive exams. Still students’ knowledge and skills in the
classes are measured by short-term exams which are referred to as authentic
teacher-made exams (i.e., teacher-made items) in the Turkish education system.
For example, secondary school teachers determine a part of their students’

achievement by taking 2 or 3 quarter-term examinations.

Two fundamental questions guided by the teaching learning process at any
education level are “what do I want that person to learn?” and “What evidence
verifies that learning?” (Tyler, 1949; Gareis & Grant, 2015). Teaching and
learning have a mutual relationship whereas assessment is like another leg of a
table, integrally related with them. Teachers know what their students have
learned and be reflective toward themselves about their teaching methods and
learning objectives. For effective teaching, one of the important foundations is
the integrated relation between curriculum, instruction and assessment (Marzano,
2003). Assessment or measurement and evaluation during teaching occurs via
teacher-made authentic assessments (Foley, 1981). Assessment or measurement
and evaluation is therefore an essential obligation to measure the success of a
curriculum (National Council of Teachers of Mathematics [NCTM], 2000). In
other words, the centrality of assessment in curriculum is not a neutral element.
It is a live element and always evolving according to feedback, evaluation,
assessment emerging from the teaching practices. “What is assessed determines
what is taught” (Verhoeven & Verloop, 2002, p.91). Some studies may reveal
varying degrees or amounts of misalignment between curriculum and teaching
methods, such as between teachers' assessment practices and instructional
objectives, and between teachers' views, beliefs, and practices. (Verhoeven &

Verloop, 2002).
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In the related literature, these assessment types are called as authentic
assessments (Bolat, 2016; Darling-Hammond & Snyder, 2000; Frey et al., 2012;
Hayati et al., 2017; Kilig, 2014; Kinay, 2015; Nagel, 1993), teacher-made
exams/examinations (McMillan, et al., 2002; Sahin, 2014; Walker, 2006;
Verhoeven & Verloop, 2002), teacher-made assessments (Gareis & Grant, 2008,
2015; Sahlberg, 2017; Simsek, 2016; White et al., 2018), teacher-made tests
(Barootchi & Keshavarz, 2002; Boesen, 2006; Broekkamp et al., 2004; Foley,
1981; Delil & Ozcan, 2019; Hartell & Strimel, 2019; Huang & Wu, 2013; Kirby
& Oescher, 1989; Marso & Pigge, 1991; Ort, 1967; Ozcan & Delil, 2017;
Smawley, 1962; Zhang & Burry-Stock, 2003), classroom tests (Ozcan & Delil,
2017), teacher-made model exams (Anteneh & Silesh, 2019), teacher-
constructed traditional tests (DiDonato-Barnes et al., 2014) or in-classroom
assessment (Incecam et al., 2018). Authentic assessment procedures comprise
several types of assessment methods teachers can use in-class teaching such as
graphic organizers, performances, portfolios, checklists, rubrics, journals, logs,
discussion forums, memories, reflections, and other student self-assessment
procedures (Bullens, 2002; Sahlberg, 2017).

Einbender and Wood (1995) explored teachers’ experiences and their past
practices on authentic assessments through an autobiographical investigation.
They picked out from some interesting autobiographies of teachers that students’
whole skills and knowledge cannot be measured only standardized tests.
Teachers stated that they required accurately more than test scores.
Understanding this complex phenomenon, Sahlberg (2017) also reached the
similar conclusion. As Marso and Pigge (1991) noted, data gathered from teacher
made-tests which delivered by those graduated of over 10-year period showed
teachers’ test construction skills do not progress with their seniority year and
subject-based item writing skills in their field probably need more experience,
exercise and fulfill in their bachelor’s year such as in measurement and
evaluation courses. Additionally, this study revealed that creating test items that

required higher cognitive levels from students was not an easy task, thus teachers
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must acquire the appropriate information and abilities and then be urged to use
these talents while creating the test items.

According to Hartell and Strimel (2019), there are various assessment techniques
but teachers are rarely provided with teacher training. They have a lack of
knowledge from how to prepare assessment techniques to how to gather
evidence of students' learning because they have been trained neither during at
the department of teacher education nor practicing teaching or inductions
(Lundahl, 2009). These researchers studied with 28 schools of which have a right
to decide their own teaching and learning activities and these participating
schools were asked to share their assessment and instructional documents in
technology context. The main focus was analysis on testing materials. To
illustrate, the questions prepared by teachers in each school were analyzed in
terms of being MC, alternative response, short answers, restricted-response
essay, extended-response essay, performance tasks and others or
incomprehensible. The main results across 28 Swedish schools discovered that
test items ranged from simple multiple-choice questions to essays whereas their
quality ranged from well-written examples to having mistakes with some
ambiguities. Of 413 assessment items, 48% of them (n = 199) were found to be
short answers although %32 of them (n = 135) fell into the restricted-response
and extended-response category. Then, MC items were found to be at the fourth
level among test items. However, overall results showed that the tests mainly
included specific terminologies and sentences and rarely aimed to assess higher-
order knowledge of students. This study taught that teachers should provide
better opportunities for every student during teaching, receive fair grading and
better ability to assess their higher-order knowledge or thinking skills. They
frequently require expert assistance to develop suitable learning activities and
assessment methods, including but not limited to examinations. To sum up, it is
important to determine the general approaches of teachers in preparing question

formats and to take precautions when necessary.

In a similar context, Hayati and his colleagues (2017) conducted a quantitative

research design regarding the analysis of authentic assessment in the 2013
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curriculum. They distributed a questionnaire to 120 teachers who were randomly
selected as a sample, in Padang, Indonesia. Since with this 2013 curriculum,
education policy remarked that there is a shift on assessments from tests to
authentic assessments. The results showed that 69.17% of the participant
teachers expressed that they always used the effective competence assessment to
their students. 75% conducted the observation for their students’ performance. In
terms of questions types, the results depicted that 56.67% prepared to fill in the
blank questions in the tests, while 48.3% gave MC and 45.83% gave essay
questions. The other question types used by teachers were found to be 20% oral
tests, 7.5% matching questions and 2.5% True-False questions. It can be
concluded that even if they maximized the use of self and peer assessment for
affective aspects, they were using very diverse types of items for the assessments

of cognitive aspects, dominantly MC, fill in the blanks and essays.

Analysis of teachers’ authentic tests were analyzed in terms of their
appropriateness to 8" grade middle school mathematics curriculum in Manisa
province, Turkey (Ozcan & Delil, 2018). For this purpose, the participants
included 18 mathematics teachers of 8" graders from 13 different schools in the
Manisa, Turkey. 30 exam papers including 548 questions were collected from
the teachers. According to the content analysis approach, the findings revealed
that 88% of the items were compatible with the 8" grade mathematics
curriculum attainments. Some of the items were intended to measure multiple
attainments at the same time. Some of the findings also drew very important
attention that changes in curricula were not reflected in the timely learning and
teaching process by some teachers and that mathematics curriculum were not
examined before implementation. Therefore, many teachers tended to use the
same mathematics questions in their exams, and to use the questions as similar as
the items from internet sources. Finally, they suggested that mathematics
teachers should be educated about the table of specification before preparing in-

class exams. They should join teacher meetings.
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Incecam et al. (2018) realized that the exam items prepared by teachers were
only evaluated according to the cognitive taxonomy in the literature. They also
determined that the test items written by teachers usually measure basic skills.
For this reason, there is no study that evaluates teachers’ competencies to prepare
open-ended items and these competencies according to teachers' different school
types, branches, and genders. They conducted a survey research design in which
they studied with 167 teachers from public middle school, public imam hatip
middle and private middle schools. Maximum variation sampling was used in
this study. Teachers were asked to evaluate their opinions about their ability to
prepare questions with the Information Form for Preparing OE Questions
between 0 and 10 points. The results were analyzed with descriptive statistical
methods in parallel with the research questions. The form prepared by the

researchers.

The results indicated that in the open-ended item preparation, at most 50% of the
teachers were able to accomplish the 18 criteria. 90% of the teachers did not
have sufficient knowledge at 12 of the criteria. They were found to be partially
competent on the ability of "preparing a set of item specifications", "considering
the item to be clear and understandable™ and "considering the appropriateness of
the items with age and grade." The other research question was about whether
there is a significant correlation between the competency levels of teachers and
their gender, field of study and their occupational school types. Regarding this
research aim, the findings showed that there was no relationship between the
teacher competencies and gender variable, field of study and school type in the
criteria of "preparing a set of item specifications" and "considering the item to be
clear and understandable.” However, on the criterion "considering the
appropriateness of the items with age and grade", it was seen that there was a
significant relationship between teacher competencies and gender variables in
favor of the males. Teachers whose affiliation was public middle school and
imam hatip middle school were found more qualified than those in private

schools. Regrettably, the study discussed the fact that teachers had an extremely
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low level of competency on preparing open-ended questions which may trigger

the inefficiency of the measurement and evaluation process.

Moreover, Simsek (2016) analyzed teachers’ and trainers’ test items in terms of
cognitive, affective, and psychomotor domain. For this purpose, 120 instructors
including 62 teachers and 58 trainers were selected as participants of this study.
The researcher has served as an educational consultant for all schools and
corporations for 18 months and school teachers attended 80 hours of this training
program, of which approximately 20 hours about educational measurement and
evaluation. A total of 6450 test items in various fields of learning were analyzed
to make comparisons between these groups. The items were also analyzed
descriptively with regard to how much of which had prepared for cognitive,
affective and psychomotor domain. The findings uncovered that most of the
items (95%) were prepared according to categories of cognitive domain in which
33% items were in knowledge, of 29% were in comprehension, of 16% were in
application, of 8% were in analysis and of 8% were in synthesis and of 1% were
in evaluation level. Other remaining 5% of items were prepared in categories of
affective and psychomotor domains. Conversely, the results found no significant
differences between school learning and corporate training in addition to
between the grades such as elementary education and secondary education in

terms of distribution of items with subject domains.

When we took into consideration teachers’ development on assessment in
history, we thought we had to show that the picture above is differently evolved.
For instance, a very old study conducted by Marso and Pigge (1991) analyzed
6529 items from 175 teacher-made tests. Almost similar results showed that the
teachers' test items had differentiated as 20% MC, 19% matching, 17% short
answer, 15% true-false, 14% problem, 8% completion, 6% interpretive and 1%
essay type of items. Furthermore, cognitive domain of items prepared as in the
level of 72% knowledge, 11% comprehension, 15% application, 1% analysis,

and lower than 1% is synthesis and evaluation.
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To sum up, good assessment practices help teachers to understand concrete
evidence of student learning outcomes by using both performance-based or more
conventional, objective assessments such as tests. Even if teachers’ levels of
teaching were remembering level, their assessment questions can measure
higher-order knowledge (Gareis & Grant, 2015). On the other hand, teachers can
instruct at levels to promote higher cognitive demand, however, their in-class
assessments unintentionally measure students’ learning at the levels of lower
cognitive demand. In both situations, there would be misalignment between
instruction and assessment. In addition, teacher-made assessments should be
aligned with both content and actual level of cognitive demand which they

intend to measure.

Consequently, looking at overall findings of the related literature, one of the
purposes of this study is to investigate middle school mathematics teachers’
authentic exam items who are teaching through enacted curriculum in Turkey as
a beginning in relation with appropriateness with the objectives of mathematics
curriculum, cognitive and knowledge domains, item types, and an international
framework. Hence, it can be objectively discussed how to prepare our children

for life, society, and future goals in the world.

2.4.3. Analysis of in-class assessment: Reflection of authentic teacher-made

items

Authentic teacher-made examinations have a great role in monitoring students'
achievement and making evidence-based decisions. Because, in-class
examinations, teachers can examine at what level the student’s learning outcomes
and the achievements we aim at in daily lesson plans have been achieved.
Mathematics, for which many people such as adults and students have anxiety
(Richardson & Suinn, 1972; Tobias, 1987) in our country as well, is one of the
disciplines with the lowest success in national and international exams (MoNE,
2021). In mathematics, the reflection of in-class examinations provides us with

feedback on the teacher's instructional design process, curriculum objectives,
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instructional learning outcomes and the quality of in-class measurement and

evaluation.

The most popular taxonomy preferred to be used by educators while preparing
classroom examinations is the Bloom’s Taxonomy. First of all, it was scrutinized
as a single dimension by Bloom and his colleagues (1956) together with a group
of measurement and evaluation experts. Currently, it continues to be preferred by
many educators in terms of its use and keeping it up-to-date. Bloom's Taxonomy
was originally conceptualized to assist curriculum specialists and planners in
setting goals, planning educational experiences, and preparing assessment tools
(Bloom et al., 1956, p. 2). While writing the objectives, it included the hierarchy
of knowledge, comprehension, application, analysis, synthesis, and evaluation
(Bloom et al., 1956, p. 17). The writing of educational objectives and their
association with instructional activities and assessment tasks has become an
important exercise for policy makers, curriculum designers, test designers, and
teachers. However, with the evolution of complicated knowledge, skills and
competencies over time, the emergence of higher-order cognitive skills and the
necessity of evaluating them, the taxonomy has been divided into two
dimensions: knowledge dimension and cognitive process dimension. Revised by
Anderson and Krathwohl (2001), while the knowledge dimension was sequenced
as factual, conceptual, procedural, metacognitive; the cognitive process
dimension was revised as remembering, understanding, applying, analyzing,
evaluating, creating as from noun to verb (see. Anderson & Krathwohl, 2001 for
the Revised Bloom Taxonomy) (Anderson et al., 2001; Anderson & Krathwohl,
2001)).

It is recommended that teachers, while preparing their in-class authentic
examinations, first should make a table of specifications and match the
curriculum outcomes and/learning outcomes with the prepared examination
items. Because the more examination items are aligned with the students’ grade
level, curriculum goals and learning outcomes, the better they can cover the

content. In addition, it is seen that in-class examinations include items from all
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cognitive levels, reflecting the professionalism of teachers, and allowing them to
make more valid and reliable assessments. However, despite all these, the
difficulties of clustering classes in line with the Bloom's taxonomy (Long et al.,
2014) are also asserted, and other taxonomies launched to be used in the
international literature are also recommended to be used in in-class examinations
and measurement and evaluation processes [e.g., Mathematical Task Assessment
Hierarchy (MATH) Taxonomy (D'Souza & Wood, 2003; Smith et al., 1996),
Structure of the Observed Learning Outcome (SOLO) Taxonomy (Biggs &
Collis, 2014), TIMSS Framework (Long, et al., 2014; Usiskin, 2012)].

Although there are many studies investigating the level of in-class examinations
according to Bloom's taxonomy, there are also studies using an international
framework (e.g., TIMSS) in the literature. However, there is little evidence on
this topic (Delil & Ozcan, 2019; Long et al., 2014). To take a closer look at a few
of the studies, for example, Caglar and Kili¢ (2019) conducted a descriptive
study on the content validity of central exams and secondary school mathematics
teachers and teacher-made examinations in Duzce, Turkey. In addition, the
scores of the students in these examinations were scrutinized in terms of various
variables. Descriptive, quantitative, and qualitative processes were used in the
research method. 40 schools included in the study were selected through the
maximum variation method, and the teacher-made examinations and central
exams of these schools and the test scores of 1848 students who took these tests
were included. The qualitative data of the research were collected with the
prepared specification table, question-achievement table, exam achievement
table data collection tools and analyzed with the document analysis technique.
Quantitative data, on the other hand, were collected with a personal information
form and transcript and analyzed using correlation by Spearman Brown
Correlation, Linear Regression, Mann Whitney U and Kruskal Wallis
techniques. If we look at the extent to which 40 teachers measure the scope in
the classroom examinations, this rate is between 60 and 80%, and it has been
revealed that the average content validity percentage of all teachers is 72%. It

was observed that the content validity of teacher-made examinations and central
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exams were at the same level, there was a high correlation between the scores of
the students from the two tests. The most preferred content on which the test
items developed was 'multiplication in exponential numbers'. Some of them
prepared items on the coordinate system from the analytical geometry unit.
Unfortunately, few items were encountered in the data analysis unit. The effect
of the gender variable on the scores of teacher-made examinations was revealed.
It has been suggested that faculties of teacher education, teachers in-service
training institutions and centers that prepare central examinations should give
more importance to content validity, and that alternative measurement tools other
than multiple-choice tests should be used in order to accurately and fully
measure the skills and competencies to be developed in the secondary education
mathematics curricula and the desired outcomes. The importance of asking items
that would rely not only on cognitive but also on psychomotor skills has also
been considered.

Correspondingly, Cevik (2009) analyzed the High School Entrance System
(LGS) (a.k.a. SBS) and teacher-made examinations within the scope of the social
studies course and concluded that the examination items were not sufficient to
measure all the achievements and the distribution of items was disproportionate.
Aldim's (2010) study on English as a foreign language course items examined
English teachers' in-class examinations and LGS items and found out that the
items were not fully aligned with the curriculum, important learning outcomes
were ignored, and the items solely measured morphology rather than course
content knowledge. Inci (2014), on the other hand, in her thesis study, concluded
that only 68 items which are aligned with learning outcomes were asked in the
examinations out of the 137 learning outcomes in the science and technology
curriculum, which should be addressed in the science and technologies part of
TEOG examinations, and the content validity was low. When the learning
outcomes related to the general examinations delivered in the schools are
examined, it has been determined that they are only aligned with certain learning
outcomes and that the general examination items were concentrated on lower-

order cognitive skills. In the interviews conducted with the teachers; They stated
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that they found the number of items asked in the general examinations related to
the science and technology course to be sufficient, that the items were
compatible with the curriculum, but only some learning outcomes in the
curriculum were emphasized in the examination and no items were asked about

other remaining learning outcomes.

Delil and Ozcan (2019) emphasized that in-class assessment is still a problematic
concept, and they analyzed 548 item types from 30 in-class examinations shared
by 18 mathematics teachers in 13 schools in Manisa, Turkey. Teacher-made
examinations analyzed by content analysis method were classified in terms of
TIMSS-2019 cognitive domain, item types and test construction errors.
Following this, the results determined that 50% of the examination items were
based on level of Knowing, 43% were level of Applying, and only 7% were
based on level of Reasoning. The least frequency represented in each
examination paper was regarding level of Reasoning. While the majority of the
examinations (83%) consisted of multiple-choice items, a few of them (17%)
included constructed-response item types. Unfortunately, it was determined that
the teachers did not prepare the authentic items in line with their own knowledge
and skills, they generally tended to copy and paste from various sources, and
they mostly tended to use the internet as a primary source. In fact, it has been
emphasized that teachers prepare in-class examinations without considering the
cognitive domains known to be related to the quality of exams.

To sum up, related research on in-class examinations and authentic teacher-made
items (Aldim, 2010; Birgili et al., 2021; Cevik, 2009; Caglar & Kilig, 2019; Delil
& Ozcan, 2019; Glivendir & Ozkan, 2021; Hartell & Strimel, 2019; Inci, 2014)
and the properties of the examinations showed that there is still a need to analyze
the in-class examinations of mathematics teachers in detail, at national and
international level. In-class examinations cannot measure the learning outcomes
of the national mathematics curriculum in a comprehensive way, but the fact that

they are related to the prospective exam scores reveals its importance once again.

51



2.4.4. Cognitive diagnostic models

The development of computer and instructional technologies calls for the
development of new technological tools which has taken place owing to today’s
needs. New technologies developed not only affect fields such as medicine,
engineering, informatics, finance, data science or cognitive sciences but also

education directly.

Cognitive diagnostic models (CDMs) are an area of psychometric research
which entails mathematics and statistics behind them. It emerges against the idea
that overall scoring on an individual cannot explain everything about the success
of that individual. Therefore, as the technology evolves, new assessment models
serve our purposes. With this purpose, cognitive diagnostic models evaluate an
individual’s intended skills or traits (attributes) to provide complete feedback
and enhance his/her learning -skills (Ayan, 2018; Basok¢u, 2011; Wang & Jiang,
2018; Wang et al., 2018). In other words, these models classify test takers’
response patterns on a test into a set of attributes which is related with different
hierarchically defined mastery levels (Briggs & Circi, 2017). For instance, a
certification test evaluates and finds an overall score which decides whether to
pass or fail even though the aim of a formative assessment in education is used to
give feedback to students and teachers their strengths and weaknesses.
Moreover, a mathematical item “105+205” requires an additional attribute to
answer correctly. Another mathematical item “12x15” requires only the
multiplication reasoning whereas an item “21: 7 — 8 x 4” differs from others that
requires more than one attribute. This new tool depends on a different paradigm
called latent class theory than classical item response theory (IRT) or classical
test theory of the 1980s. According to latent class theory, it accepts an
examinees’ single score to assign sets or groups which are categorized along a

number of axes (Yamaguchi & Okada, 2018).
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Our children need to identify their knowledge and cognitive development
according to different skills rather than a single score. Providing new learning
analytics to their needs has been the necessity of this era. The tool of this new era
designed to determine the level of cognition is cognitive diagnostic models in the
child's cognition (their learning status). Especially when we consider the need to
evolve the measurement and evaluation strategies in large-scale assessments
towards a multiple-choice open-ended question, these tools may be the solution
to this new problem. In addition, CDMs provide valuable diagnostic information
about education which may enhance teaching and learning (de la Torre &
Minchen, 2014). Especially, the assessments of any learning at school are both
for making decisions and for providing feedback in the process (Cikrikei-

Demirtasli, 2017).

To illustrate how CDMs help the item mapping process, de la Torre (2012)
remarked on the scores of 2013 NAEP Grade 8 mathematics tests (U.S.
Department of Education, 2013). In this item mapping study, students’ scores
corresponded to a different cognitive level. For example, 331 points correspond
to at the top of Proficient level and its measured skill was “calculating the area of
an inscribed square”. 296 points is at the top of Basic level and its measured skill
was “using average (mean) to solve a problem”. On the other hand, 257 points is
below Basic level and its measured skill was “solving a problem involving
rates.” These descriptions specified some evidence about the types of problems

students can and cannot response (de la Torre & Minchen, 2014).

Yamaguchi and Okada (2018) are two researchers who studied CDMs model
from Kyoto University. They believed in recent years development of CDMs to
diagnose students’ achievement and skills. They ground their study on the idea
that each CDM model has different assumptions about students’ achievement so
that they empirically investigated which CDM model better fitted the actual data.
They examined the problem comparatively by using the representative CDMs to
TIMSS 2007 assessment data from seven countries: USA, Hong Kong,

Singapore, Slovenia, Armenia, Qatar, Yemen. They stated that the major result
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emerged was CDMs had a better fit than the IRT models in keeping with former
studies because of IRTs restricting students’ latent ability to be a unidimensional
trait or at most few dimensions. They came up with the idea on working with this
model that in order to succeed in the TIMSS mathematics assessment, students
expect more than one skill.

Another study which investigated the quality of a teacher-made test and
diagnosed their students’ learning misconceptions on fractions and decimals was
conducted by Huang and Wu (2013). Teacher-made mathematics tests included
22 items and were taken by 32 4™ grade students in Taiwan. For this purpose,
they used a CDM named as BW model. This model worked on four personal
attribute indices (psychological response aberrances) such as carelessness,
capability, guessing, misconception, and also four item-facet indices such as
difficulty, disturbance, hint, and indistinctness. They assumed that analyzing
students’ misconceptions and learning mistakes help to enhance their conceptual
grasps. They also explored underlying content knowledge in items. By using the
BW model, Huang and Wu found that the BW model showed a good indicator of
agreement between the middle school fourth grade students and this teacher-
made test on fractions. It meant that the students’ abilities on fractions and
decimal concepts were well assessed with the test. Items in the test demonstrated
the levels of item difficulty from .13 to .94 and item discrimination from .00 to
.88. The Q matrix of items related to concepts showed concept of equivalent
fractions was most mastered and the concept of transforming fractions into

decimals was the least.

Also, computerized adaptive testing (CAT) changed the testing paradigm. The
idea of computerized testing was proposed by Weiss (1973) (Kalender &
Berberoglu, 2017). It equates the test difficulty with the test taker’s ability. It has
higher reliability with fewer items compared to paper-based tests (PBT). Glas
and Van der Linden (2001) stated CAT can decrease the test anxiety of test
takers by providing more than one chance of taking the test. It also helps

administrators to prepare different new item formats, such as interactive items,
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multimedia items, etc. There are many practical advantages of using CAT. Not
only individual researchers but also various professional organizations such as
the American Psychological Association (APA), the American Educational
Research Association (AERA), and the National Council on Measurement in
Education (NCME) (AERA, APA, & NCME, 2015) compared PBT and CAT.

Kalender and Berberoglu (2017) aimed to investigate the difference between
simulation analysis and live test administration to determine the best practice for
Turkish university admission system. For this purpose, in order to simulate
Turkish students’ higher order cognitive processes, a total of 5,000 students who
had taken the university admission tests (in other words, higher education
transition examination [HETE]) were randomly selected from each school type
in the database pool. A total of 15,000 students formed sampling in the
simulation. For the live application, 37 students volunteered to take the CAT
version were selected as the research sample. As a content, science tests were
selected from the HETE applied in 2016. It was made of 45 MC items with the
alternatives. According to the findings, the researchers found that the use of CAT
as an alternative to the admission system operated a similar role on the PBT
version. CAT was able to generate ability estimates with standard errors below
.30. But, if fixed- length CATSs contained 10 and 15 items, they were not able to
generate almost no ability estimations with a standard error of less than .30. It
meant that using very few numbers of items did not explain a test taker’s ability
in a reliable way. The correlation between science and math tests was validated
to estimate CAT’s ability. In the live CAT admission, the results were the
opposite. In the simulation findings, CAT’s ability estimations were lower than
those of the PBT by school types. On this finding, the researchers discussed that
the items were quite simple for the higher group. That’s why they did a good job
on PBT. Both tests seemed to have the ability to classify a high proportion of
examinees into the same percentiles. The researchers suggested further
researchers to use large item banks and think about sample representativeness as

limitations.
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Finally, a very recent study used cognitive diagnostic computerized adaptive
testing (CD-CAT) conducted by Lin and Chang (2019). They were targeted to
investigate their proposed item selection method more adapted to regulate
attribute balancing, exposure status, and precision. They constructed a
simulation. The independent variables were item selection method, test length
and number of attributes. Briefly, the results showed that SWDGDI method for
item selection successfully balanced attribute analysis in CD-CAT because this
method had its weighing scheme and the capacity to combine a variety of non-
psychometric constraints. Besides measurement and evaluation features, in terms
of educational purposes the researchers suggested that to use classroom
assessment, the CD-CAT model should not cover a broad range of topics.
Classroom assessment may be suitable for CD-CAT formative assessment type.
Hence, CD-CAT can be inserted inside the teaching and learning process.
Educators can benefit from CD-CAT to specify their learning objectives and
instructional strategies after deciding what their students learned and struggling
areas. Then, specific suggestions toward a student can be given to improve their

higher level of learning.

Last but not least, Dogan and Tatsuoka (2008) studied a CDM model in order to
reveal Turkish middle school students’ profile, basically mathematics skills, in
the TIMSS-R international assessment. They intended to analyze Turkish
students’ performance with a diagnostic model called the Rule Space Model. For
this purpose, firstly, they determined students’ mathematical and cognitive skills
(attributes) which had been measured by the test. They determined students’
master profile by using students’ response data and an incidence matrix; the Q-
matrix. 62% of Turkish students' profiles found to be lower quartile in the
international assessment whereas only 1% were in the top. Through this problem,
their aim was to obtain more detailed information about these students’ profiles
in order to make more accurate international comparisons. In this study, they
used data from two samples of eight grade students (2900 Turkish and 4411
American) who participated in the 1999 TIMSS-R. Some of the results

uncovered that US students outperformed Turkish students on 17 of all 23
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content attributes. Largest differences found to be on the attributes related to
quantitative reading and estimation in favor of US students. The attributes of
Turkish students were weak in quantitative reading, estimation, patterns and
relationships and solving open-ended items. From these attributes, it was inferred
that Turkish students comparatively did not perform well during uncertainty,
develop rules and construct unique answers as opposed to selecting from given

alternatives, and grasp suggestions by using logical thinking.

After that, when Dogan and Tatsuoka (2008) determined the learning paths from
the analysis, they found that most of both Turkish and American students tended
to learn skills for responding problems prior to any other skill. Interestingly,
Turkish students tended to learn geometry subject skills first whereas American
students primarily tended to learn number skills. They noted that the Turkish
students outperformed the attributes “basic concepts in geometry.” These results
and discussion might be one of the reasons derived from nearly ten years ago
that our Turkish students did not even know how to deal with open-ended
questions and construct their responses. They cannot perform well to answer
open-ended questions and still have many discussions going on.

As a recent study- up-to-date — Ayan and Ciktikg1 (2021) created a test to assess
the four key cognitive skills in the fractions sublearning domain of mathematics.
A total of 1380 students from six to eight grades were given forms. This
multiple-choice test forms included 89 items in 5 forms, whose learning area was
“numbers” and sublearning area “fractions.” Hierarchical CDM was used to
estimate latent classes. CDM-based diagnostic result reports were created, with
detailed outputs on the cognitive development levels of the individuals. Members
of each latent class were also given specific instructions on what they could and
couldn't do. Some striking points revealed from the study were the students were
either largely or totally lacking in basic learning skills related to the fractions,
regardless of their grade level and it was concluded that, regardless of the
student's grade level, learning remained incomplete, and that this severely

hampered future learning. It is suggested that in-class assessment and evaluation
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activities be used more frequently as a method for directing and learning
weaknesses than quantitative and outcome-based processes. National monitoring
systems based on the CDM can be established, particularly for diagnosing and

monitoring learning in the field of mathematics.

To sum up, unlike IRTs, CDMs consider a variety of students’ cognitive abilities
with a probabilistic approach. Teachers can benefit from their teaching and
learning process (Huang & Wu, 2013). New generations’ diagnostic tools-
CDMs- help teachers review their curricula by providing more concrete
evidence. Hence, they can only focus on unperceived specific attributes learnt
from the CDM results during instruction. CDMs are suggested to be used in
international competencies (Dogan & Tatsuoka, 2008; Lee et al., 2011) and to be
able to provide individual outputs rather than collective outputs or single score
reflecting the state of the country. The literature has been limited in the
knowledge that will support practical applications for direct use of CDMs, CAT
or CAT-CDMs within the class (Ayan, 2018; Briggs & Circi, 2017; Dogan &
Tatsuoka, 2008; Erdogdu, 2009; Lin & Chang, 2019; Wang, 2021). But they can
be projected to be valuable new tools which may somehow determine the new
generation’s intended skills not only within the class but also international

assessments, including dealing with open-ended questions, in the future.

2.5. Student Monitoring Systems in Turkish Education System and the
Possible Challenges

Various student monitoring systems (The Project of Monitoring and Evaluating
Academic Skills [ABIDE], CITO-Turkey, PISA, TIMSS) have been issued for
primary and secondary school students to determine the relationship between
their achievement and in or out of school variables. One of the three modules of
CITO-Turkey Student Monitoring System was Student Social Development
Program (OSGP). It was aimed to determine the relationship between student
academic achievement and social, educational, affective factors. CITO-Turkey

Report (Issue of October-December 2010), in addition, focused on elementary
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school students’ higher order thinking skills in the mathematical content area.
The report warned us that the enacted mathematics curriculum had mostly
content-focused learning outcomes, so the teachers did not focus on their
students’ thinking process. The students tended to memorize the subject on an
algorithmic level. Hence the level of use of memorization strategies increases as
the class level increases (Is-Guizel et al., 2010). The findings remarked that the
in-class teaching and learning activities should be always designed to promote
middle school students’ not only low-level but also higher-order thinking

strategies in order to protect them from memorization.

The popular usage of MC in large-scale assessments has achieved by chance and
lack of ability to test out higher order cognitive skills. Therefore, another
innovative aspect of the student monitoring system is testing the variables that
teachers cannot experience and measure in order not to disrupt teaching within
the classroom. For example, one of the objectives of CITO-Turkey is to allow
experts to test open-ended question formats. Students’ responses to the open-
ended questions were measured and evaluated. The system was adapted to
automated scoring. In the report it was indicated even though the automated
scoring of OE was subjective and time consuming that might be one of the
challenges (Cikrik¢i-Demirtagli, 2010). Giiltekin and Cikrik¢i-Demirtagli (2012)
also supported these claims by indicating that the answers from OE items gave
more information about the students’ mathematical achievement than MC. In this
context, the inclusion of MC as well as limited OE in large-scale assessments
may increase the level of thinking skills measured by qualified questions, which
can prevent guessing strategy of MC, and according to the results of these tests it
will be ensured that the selection or qualification decisions given are more valid

and reliable.

The last and most updated report regarding determining students’ ability to
answer OE and relation between several variables was ABIDE (2016). In this
monitoring system, human evaluators assessed students’ answers to OE

mathematics, Turkish language, science and social sciences according to the
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given rubric. The results revealed that 60% of the 8™ grade students (N = 20780)
were found to be at the below baseline and at the baseline level, about 29% (N =
9956) at moderate level and 11% (N = 3922) at intermediate level and advanced
level in mathematical content. The students found to be at below baseline and
baseline level were able to do remembering, routine calculations, using

knowledge from given instruction, understanding principles and rules.

When the possible challenges have been considered, as the level of difficulty of
OE and the number of steps required for solution increases, the diversity of
student responses increases. Regarding errors that students make at different
stages of different solutions, more information can be obtained about the
misunderstandings. It is possible to get rich feedback on students’ learning by
OE. Parallel to this, consistency between evaluators is decreasing that might
contribute to a possible challenge (Bilgeg, 2016). However, the results from
these several student monitoring systems lack much of the difficulties teachers or
evaluators had in preparing open-ended questions. All in all, it is expected that
this study will be modeled on the creation of new systems to evaluate OE
questions better by focusing on the difficulties and minimizing the challenges.

2.6. Differential Effect of Open-Ended vs. Multiple-Choice Item Formats

The most typical item-formats used in assessments are multiple-choice (MC) or
constructed-response (CR), in other words open-ended (OE). However, once MC
has been introduced to educational testing, many studies showed advantages and
weaknesses of this format and various studies have been conducted to examine
these claims (Bonner, 2013; O’Neil & Brown, 1998). Some studies conducted in
this context vary in terms of research design such as quantitative (e.g.,
experimental, survey, correlational) (Bonner, 2013; O’Neil & Brown, 1998;
Dutke et al., 2010; Gullie, 2011; Mulkey & O’Neil, 1999), qualitative (e.g.,
Birgili, 2014; Burfitt, 2019; Duran & Tufan, 2017; Koyuncu, 2017) or mixed
(e.g., Herman et al., 1997). Some of them differentiated in content domain such

as problem solving (e.g., Bonner, 2013), mathematical reasoning (e.g., Gullie,
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2011; Herman et al., 1997; Wang, 2002), test-takers use of different strategies
(e.g., Haladyna et al., 2002), science achievement in relation with gender and
ethnicity (e.g., Dimitrov, 1999), self-efficacy and worry (e.g., Mulkey & O’Neil,
1999).

For instance, Bonner’s study (2013) was an experimental design research
conducted with 64 undergraduate examinees. The participants were applied
think-aloud to examine their cognitive processes in mathematical problem-
solving situations. At the same time, the study examined the relationship
students’ strategy use on items, test format and gender through the students’
verbal reports on their mental processes. The findings revealed that CR found to
be more difficult than is the MC format. MC was related with more varied
solution strategies, guessing approach and backward strategies. On the other
hand, there was no main effect of gender on students ‘performance. Interestingly,
disproving the hypothesis, this study failed to find format differences in use of
metacognitive self-regulatory strategies. Gullie’s (2011) thesis was aimed to
study the predictive ability of students’ responses to OE and constructed
questions on their fifth-grade mathematics achievements by considering their
third and fourth grade mathematics content sub-categories. The results of this
study implied that OE predicted fifth grade mathematics performance as
proficient/non-proficient outcome levels. As well as investigating the implication
of OE/CR response questions, the study also evidenced once more that CR is an
important predictor for analysis on student outcomes on achievement tests in

mathematics.

Response format comparisons in the related literature have included the studies
that explore the relationship, cognitive and affective and metacognitive aspects
(Dutke et al., 2010; O’Neil & Abedi, 1996; O’Neil & Brown, 1998). However,
the findings revealed that OE seems to be more preferred than MC (Sole, 2018),
at the same time, many students do not necessarily like challenges that OE items
introduce. The reason why some of those prefer the traditional assessment
format- MC- was because of the relative novelty of open-ended items. The

results also signified students’ misunderstanding of assessment of their
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performance on OE items. The discussion and scientific investigations on this

area seem to be still going on and worth pursuing (Ryan, 2001).

Measuring knowledge through alternative ways has become a necessity in
educational processes today as studies show that MC and OE measure separate
constructs (Beller & Gafni, 2000; Hoogerheide et al., 2019). For instance,
validity is high in OE as students do not tend to do guessing whereas reliability is
high in MC. One of the most important reasons for this is the possibility that
more questions can be written. Heck and Stout (1998) claimed that MC
necessitates recognition and recollection. The main strength of MC is that these
tests can evaluate a high number of abilities with fast grading and objectivity.
Also, there is less necessity for crosscheck and more efficiency in marking. MC
tests are also thought to be highly reliable considering their fairness. However,
MC is criticized for its limited focus and tendency to decrease the subject
specific knowledge to only verifying facts (VanSledright, 2008). Thus; OE,
which enables examinees to organize and generate their own answers, has
become popular. Still, OE has some weaknesses such as being complicated, time
consuming, and less reliable. Shavelson and colleagues (1992) note that rapid
shifts should be clarified carefully. It should not be overlooked that some topics

are very sensitive to assessment methods.

Instilling meta-cognitive dimensions is not a novice concept; however, testing
them through national or international large-scale assessment is an innovative
notion. In prior research, O’Neil and Brown (1998) worked on eight graders’
meta-cognitive and affective processes during a large-scale mathematics
assessment. Three-factor mixed model design (Kirk, 1982; as cited in O’Neil &
Brown, 1998) attempted to investigate the format’s effect in terms of gender and
ethnicity as between-subjects factor and meta-cognitive and affective variables
as within-subjects repeated measures. Mathematical items in MC and OE forms
were administered to the students. It showed that MC caused greater self-
checking than OE due to its novelty. Also, OE encouraged more cognitive

strategy usage and less self-checking behavior than MC. Sole (2018) also agreed
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that OE questions should be part of instructional strategies in the classroom
because students can solve a problem in a variety of ways. Assessment of
students learning through OE makes them use their not only prior knowledge and
level of proficiency but also self-confidence to use different solution procedures
and accurate decisions on how to approach mathematical situations (Sole, 2016).
More than one correct solution can be constructed as a response. They use

thinking skills beyond procedural knowledge (Sole, 2018).

Moreover, a study on a similar context conducted by Eren (2015) who studied on
a descriptive study which investigated the relations of the scores obtained from
different test types of question formats (only multiple-choice question-MC test
and mixed test formed with MC and restricted open-ended questions-RQ
together) and determined the students’ and teachers’ view about different test
types. This study discussed that mixed tests stated a more reliable measurement
than other formats according to reliable coefficients of both tests. Also, the
results from students’ views about question formats stated that students tend to

prefer taking MC tests more and the reasons for their preferences vary.

Finally, Oksiiz and Giiven-Demir (2018) conducted research on the differential
effect of open-ended questions and multiple-choice tests with regard to some
psychometric features and student performances. The items were prepared in
both forms according to two units of 4" grade science and social sciences
curricula. The study was conducted at 2016-2017 academic semesters in Samsun
province, Turkey. The group were 102 5™ grade students including 52 females
and 50 males from a public middle school. For content validity of tests, the
researcher studied with 8 experts from the academics. OE and MC items were
compared with regards to cognitive levels, item difficulty, item discrimination,
reliability, and student performance. As stated by the results, the researchers
found out that there is a significant difference between OE and MC in terms of
item difficulty. The MC tests items prepared in both science and social sciences
were found to be easier than OE ones. The type of test had a small effect on this

item difficulty difference. In the science course, the application-level questions
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were found to be mid-difficulty in the open-ended and easy in the multiple-
choice. On the other hand, in the social sciences course, the items significantly
differed cognitively in comprehension, application and analysis levels. In these
three cognitive domains, multiple-choice were found to be easier than open-
ended.

Moreover, in terms of item discrimination findings revealed that multiple choice
tests for science and social studies courses had more item discrimination
compared to open-ended, test type variable had a great effect on the difference in
science course and a small effect on social studies course. However, they found
no difference in reliability between open-ended and multiple choice. They
discussed that different variables such as handwriting, simplicity of a question
might affect reliability even if there might be some significant difference in favor
of MC in the literature (Bagcan-Blyukturan & Cikrik¢i-Demirtasli, 2013). While
tests in science courses showed a significant difference in the student
performance in favor of MC, it was not significant in the social studies.
Accordingly, the study showed that as the scores of the students in the open-
ended cognitive domain increased, the scores in the multiple-choice also

increased.

It can be concluded that the Turkish education system using open-ended
questions in large-scale assessments is believed to create a new dilemma in the
educational context. In particular, how do the teachers prepare students to gain
the necessary knowledge, skills through the teaching methods in the classroom?
how does he/she measure and evaluate a small prototype and simulation of these
exams in their in-class teacher-made tests? How do students construct their
knowledge on both cognitive and metacognitive levels? Most importantly, if we
have an assessment system that aims to include millions of open-ended students,
how should an artificial intelligence system be evaluated? stand as a big picture.
In this context, it is tried to look at the big picture by using the following

methodology. For this reason, the search for a system to evaluate open-ended
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questions has been countered and final and the main goal of this current study is

to contribute to this search.

2.7. Modeling Metacognition and Affective Processes with Eye-Tracking
Tools and Biomarkers

Metacognition was defined as the cognition of cognition (Flavell, 1976, 1979)
and expanded as the method by which people reflect on their own ideas to come
up with solutions to problems; it was also defined by Nelson (1996) as a model
of cognition. Efklides (2001, 2006) defined metacognition as having more
aspects such as metacognitive knowledge, metacognitive skills and
metacognitive experiences. As asserted by her study (2009), metacognition has
multiple facets, each of which leads to self-regulated learning. For instance,
“metacognitive knowledge through the affective regulatory loop, which involves
affect and motivation, lead to both the short- and long-term self-regulation of
effort and persistence; through the cognitive regulatory loop, which involves
metacognitive knowledge, metacognitive skills, and metacognitive experiences
such as metacognitive judgments, also contribute to the short- and long-term
self-regulation of cognition” (p. 81). As indicated, there are a huge number of
sub skills of metacognition. Metacognition are also found to be related with such
skills; they are reflecting, recognizing, monitoring, reflexive thinking, acquiring,
retaining, transferring, being capable thinkers, cognitive strategy, self-checking,
planning, evaluating, goal setting, continued monitoring identifying what you
know or what you do not know, adapting as necessary, self-questioning,
annotated drawings, self-explanation, concept mapping, making checklists,
reciprocal teaching, organizing one’s own thinking, being responsible learners of

one’s learning process.

However, metacognitive knowledge and skills that occur in people's inner
cognition, the use and experience of these skills cannot be measured as easily as
it is thought, and continues to be the focus of various research studies. Skills

grounded in emotion and cognition are measured and evaluated with
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psychological instrumental measurements and physiological instrumental
measurements, and even participant groups (i.e., adults or school children) are
expected to reflect their inner speech by being exposed to the think-aloud
process (e.g., Bjorn et al., 2019; Oztirk & Kaplan, 2019; van Gog & Jarodzka,
2013) because merely knowing about a subject-specific/content knowledge and
procedural skills does not always mean using it consciously. For this reason,
measuring it with valid and reliable measurement tools becomes significant in
terms of testing the accuracy of the responses given and reflected by the research

participants to the researcher's questions.

There is burgeoning interest in using eye-tracking technologies, galvanic skin
response (GSR) tools, smart watch tools, graphic/bamboo tablets, GoPro high
tech cameras, log-files, physiological lab data, screen recordings, think-alouds,
self-reporting/self-explanation sessions, facial expression of emotions, and
linguistic analysis of discourses (Azevedo, 2002; Azevedo et al., 2017; Azevedo
& Gasevié, 2019; Jarodzka et al., 2017; van Gog & Jarodzka, 2013) in
educational research studies. These tools were found to be affective and reliable
to collect and analyze physiological data from participants so that they have been
preferred in multimedia learning (e.g., Alemdag & Cagiltay, 2018), problem
solving situations in mathematics, reasoning, scientific reasoning, literacy skills,
testing the effectiveness of cognitive and metacognitive techniques (e.g.,
Apaydin & Hossary, 2017; Oztiirk, 2021; Zhang, 2018), testing a metacognitive-
based training (e.g., Oztirk, 2021). The studies conducted in measuring
metacognitive knowledge, skills and experiences, metacognitive self-regulation
via innovative eye-tracking tools scattered in the related literature around
commonly in experimental/quantitative research designs (e.g., Low &
Aryadoust, 2021; Taub & Azevedo, 2018; Van Loon et al., 2020), lower number
of qualitative research designs (e.g., Damayanti et al, 2020; Salvucci &
Goldberg, 2000) and prospering field of mixed-methods designs (see. Deluca &
Lari 2013, Stark, et al., 2018 for a mixed-methods or Oztiirk, 2021 for an embed
mixed-method design). The subject field mostly rely on, up-to-date, reading

(e.g., Aryadoust, 2019; Zhang, 2018), mathematics education (e.g., Norqvist et
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al., 2019; Strohmaier et al., 2020), science (e.g., Ariasi & Mason, 2011; Tsai et
al., 2019), chemistry (e.g., Muna & Bahit, 2020), economics (e.g., Low &
Aryadoust, 2021), engineering (e.g., Elliott et al., 2019), early childhood (e.g.,
Marulis et al., 2020), foreign language learning (e.g., Safranj, 2019) and other
uncategorized fields (e.g., Azevedo & Gasevi¢, 2019; van Loon et al., 2020)

such as computer-based learning environments.

Theoretical discussions, review papers and even professional conceptual papers
began to assert that metacognition is a groundbreaking discussion point when it
has been searched under the roof of innovative technological tools. Theoretical,
conceptual, methodological, analytical, and instructional issues have been
conspicuous research fields on metacognition (Azevedo, 2009; Azevedo &
Aleven, 2013; Ching-En, 2018). Owing to the fact that cognitive, motivational,
and behavioral attributions may impact learning, the most-often studied areas
resolve cognitive development, metacognitive subskills, patterns of information
processing, and the effects of instructional strategies on learning. The studies
conducted within the context of the eye-tracking technologies highlight that
studies (e.g., Bannert & Mengelkamp, 2007; Deluca & Lori, 2013) were mostly
conducted with college students and eye-movements were collected for make
inference about the cognitive process of selection, organization, integration
skills. The eye tracking measurements and learning performance of the students
can lead to the relationship between those cognitive processes. Metacognition,
and emotions (i.e., affective processes in some studies) were the potential
influences that can affect their eye movement measurements. In line with the
current literature, Azevedo and colleagues emphasize the prominence of using
multimodal data to examine the complex functions of cognitive, affective, and
metacognitive processes among students during learning process or problem-
solving situations. The dilemma of valid metacognitive skill diagnosis has
sometimes been neglected in metacognitive research; however, this question has
recently been put on the research agenda by some researchers (Azevedo &
Aleven, 2013; Jarodzka et al., 2017). The theses in Turkey, for instance, as of

2010, most of the thesis were presented in master’s degree (80%) (e.g., Akgiin,
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2018; Coskun, 2019; Malci, 2021) and minority of them were presented in PhD
dissertation (20%) (e.g., Ayhan, 2019; Bayraktar, 2014; Yilmaz, 2019). The
faculties of studies which focused on technology focused eye-tracking tools were
held in CEIT (53.55%) (e.g., Coskun, 2019; Malci, 2021), English language
teaching (33.33%) (e.g., Akgun, 2018), Turkish language (6.67%) and
Childhood education (6.67%). In addition, the selected studies mostly utilize a
qualitative research design (e.g., case study) (f = 7, around 46%) and some
studies employ a mixed-methods (f = 3, 20%). Around 7% of the theses (f = 1)
did not specify their research design approach. Concerning educational stage, the
theses seemed to be conducted frequently in research settings of higher education
(f = 8; 53.33%) while similar number of studies were conducted at the secondary
school levels (e.g., middle school and high school) (f = 7; 46.67%) levels. Most
of the theses in the Higher Education Council theses database (YOK, 2021)
selected students as participants (e.g., Dagli, 2014; Malci, 2021; Yilmaz, 2019);
least frequently teachers, university students and faculty members (e.g., Akgin,
2018; Coskun, 2019). The number of minimum participants were two and of
maximum participants were ninty-five. Finally, the theses were held in the
subject area of mathematics (e.g., Yilmaz, 2019), geometry (e.g., Malci, 2021),
social sciences (e.g., Dagli, 2014), English language (e.g, Akgiin, 2018) and
Turkish language (e.g., Ayhan, 2019). Hence, the minority of doctoral theses in
Turkish literature and the fact that eye-tracking tools have never been used in the
department of educational sciences up-to-date revealed and supported the need
for this study. The fact that there are studies conducted with middle school

students in the subject area of mathematics also supports my participant group.

Thus far, considering challenges of doing interdisciplinary areas of research and
encouraged by the advancement of the field of metacognition and affective
processes, the current study would make progress in the field of neuroeducation;
progress on the research findings or propositions which need to be empirically
verified. Last but not least, the current research study would need to fill the gulf
for empirical evidence by using many innovative tools such as an eye-tracking

tool, a bamboo tablet, GoPro camera, GSR smart watch in a holistic manner; for
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conducting research with middle school students who are preferred rarely due to
accessibility; for methodological gap by designing a mixed-method research; for
practice gap by measuring middle school students’ affective process aside from
metacognitive sub skills as cognitive strategy and self-checking (Deluca & Lori
2013).

2.8. Imperative Need of Artificial Intelligence Systems in Education

As mentioned above, children will face more open-ended questions in national
and international exams. Although it is an inevitable fact, how and by whom it
should be read and evaluated is a possibility and the most obvious tool in the
world of possibilities should be artificial intelligence (Al) systems. In fact, when

Alan Turing had named them as “thinking machines”, “electronic computer” or

“digital computer” in the 1950s.

Because, when we consider independent evaluators and machine scoring,
artificial intelligence systems have preferable features in terms of time,
economy, accountability and objectivity (Hernandez-Orallo, 2016; Ustkan,
2007). Systems that work with artificial, intelligent, deep learning algorithms,
which can keep some of these variables under control, are increasing day by day.
Robotics, coding, driverless vehicles, natural language processing, engines,
maps, social media, cognitive sciences, medicine, mathematics (Conati, 2016;
Lemaignan et al., 2016; Russell & Norvig, 2009) as a great hand that will cure
almost every field. However, their task is specialized in each discipline. For
instance, robotic navigation of a Mars traveler can share some of the techniques
with the Al designed for a driverless car on Earth, but their final application is
extremely specialized in both cases (Hernandez-Orallo, 2016). In addition, they
have mastered image recognition. They have started to learn about product and
advertising suggestions, medical support, imitating or even defeating the athletes
of the years, and defeating people in games (Turing, 1950). As Prof. Cem Say
(2018) says “...Now computers know a lot about people. We have already

passed the point of no return in the IT revolution; we can no longer return to a
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world without a computer.” Computer systems are systems and environments
where human thinking and ability can be simulated (Thompson, 2003 as cited in
Demir, 2004). They can do a job in a shorter time with higher performance than
a human-being. Because, contrary to what everyone thinks as a black box of the
future, Al systems exist in order not to make our lives harder or not to get our
jobs out of our hands but to make it easier. Thus, for people, the time to focus on

one’s own happiness and existence seems to be shortened.

2.8.1. History of Al: Computing machine vs. intelligence

First known eponym of “artificial intelligence” in history was John McCarthy
(Allahverdi, 2002; Human-Centered Al Institute, 2019; Russell, 2019; Say,
2018). He is both a computer and cognitive scientist. He is the designer of the
lisp program, which is used as a written language in the development of the first
artificial intelligence programs. He defined “Al is the science and engineering of
making intelligent machines” (McCarthy, 2007, p.1). Whereas Minsky defined
this phenomenon as “[Al is] the science of making machines capable of
performing tasks that would require intelligence if done by [humans]” Minsky
(1968 as cited in Hernandez-Orallo, 2016).

Turing (1950) mentioned that in order to produce a program, we should design a
machine which imitates a child’s mind instead of an adult’s mind. An adult’s
mind has the following thinking processes; “a) The initial state of the mind, say
at birth, b) the education to which it has been subjected, and c) other experience,
not to be described as education (p. 455).” Then, he described a child’s brain by
the analogy of “child-brain is something like a notebook as one buys it from the
stationers. Rather little mechanism, and lots of blank sheets.” (p. 456) He
inferred that the programmers cannot reach a well child-machine in the first try
but one can try to educate it while experimenting and to see to what extent it
learns and simulate a child’s thinking. He proposed that this was the way to
teach the machine to be developed. Again, if a child learns a behavior at the most

basic level and learns this behavior with the reward and punishment approached,
70



the machines can be taught by increasing the probability of repetition of its
intended output (for it, it’s a behavior) by the same method. From the machine
perspective, he says “the machine has to be so constructed that events which
shortly preceded the occurrence of a punishment-signal are unlikely to be
repeated, whereas a reward-signal increases the probability of repetition of the
events which led up to it” (p 457). By following the basic studies of Alan Turing,
the first artificial neural network-based computer named SNARC was performed
by Minsky and Edmonds working at MIT in 1951.

In general terms, the word intelligence is defined as an inorganic tool which is
able to simulate human thinking, reasoning, perception and comprehension.
However, learning and adaptation to new situations are also included in
intelligence. Therefore, we can call artificial intelligence a system that does not
like humans, but it has the ability to think as human. In another definition, people
are communicating with each other, reasoning, decision making, thinking, so
some similar behaviors are considered to be taught to computers in the sub-field
of computer science called artificial intelligence (Allahverdi, 2002; Karadayz,
2004; Russell, 2019). However, some problems arose after the problem-solving
systems emerged. For example, the fact that these programs only work by syntax
cannot make sense in the context. Therefore, it is believed that it cannot be used
to solve real life problems. As Russell (2019) highlighted the more we discover
how the mind works via experimental process and scientific research and
innovative tech tools, the easier it will be to rediscover the mind's skills and
competencies so that we will have taken a step towards artificial intelligence. It's
skill, not consciousness that counts. The design studies of artificial intelligence
(i.e., narrow intelligence) systems that act rationally for humanity but in a way

that maximizes the expected benefit require long processes.

As the investments increased with the development of the industry, the studies
continued and the context problem was reconsidered. Scientists have designed
expert systems that are specific to an area and can be an expert in that field. It

was determined that it would provide more accurate operations and results if it
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was equipped with expert knowledge in a specific field. The term expert system
has begun to be used. Expert systems as a type of artificial intelligence
programming differ from it in some ways such that artificial intelligence systems
are preferred to be used to explore misunderstood problems because they do not
need algorithms to solve these problems. In that case, languages such as Lisp and
Prolog are mostly preferred rather than traditional programming languages such

as Pascal, Fortran, C. Some definitions for expert systems were as follows:

An expert system is regarded as the embodiment within a computer of a
knowledge-based component, from an expert skill, in such a form that the
system can offer intelligent advice or make an intelligent decision about a
processing function. A desirable additional characteristic, which many would
consider fundamental, is the capability of the system, on demand, to justify its
own line of reasoning in a manner directly intelligible to the enquirer. The style
adopted to attain these characteristics is rule-based programming (As quoted in
Connell, 1987, p. 221 as cited in Omoteso, 2012).

Expert systems differ from more traditional decision aids in two fundamental
ways. First, they place emphasis on knowledge, typically generated as rules,
rather than algorithmic solutions. Second, they provide access to this knowledge
base to the user of the decision aid. In addition, sophisticated expert system
software gives numerous capabilities for enhancing the dialogue between the
user and the system”’ (Eining et al., 1997, p. 5 as cited in Omoteso, 2012).

All in all, the importance of having enough knowledge on the history of artificial
intelligence, expert systems and its development over time from an educator's
eye is undeniable. Since, knowing the past means designing the future
correctly. Knowing its mistakes and deficiencies, machines based on artificial
intelligence (or expert systems) will be designed for our children to measure and

evaluate them most accurately.

The next title relied on what are the expert systems needed for teaching, learning

and assessment in the educational context.
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2.8.2. Current trajectory of Al in education

Artificial Intelligence (Al) system developers use information processing or
reinforcement learning teaching approaches. Interestingly, nearly all educators
are familiar with these approaches because they are the basic teaching

approaches.

Many studies including master theses and doctoral dissertations conducted in
Turkey have been on Al in Education. According to preliminary studies in the
2000s, Demir (2004) developed an artificial intelligence software to be used in
computer-aided instruction in the master thesis and this software was evaluated
by experts. This program was at the most basic level at that time; The aim of this
course is to teach how to open and save Microsoft Office Word files with user
guidance by detecting Turkish words. In limited circumstances he has imitated
the characteristics of a teacher. In the first phase of the study, the researcher
designed the artificial intelligence program of a particular feature. The second
stage of her research process was about evaluation by academics, having at least
a doctoral degree, from various universities in Turkey. Evaluation contents were
specified as general features of the program, instructional feature, whether
having appropriate artificial intelligence feature and screen design feature. At the
end of the study, experts were conducted on a 56-item questionnaire. According
to the results of this study, the program has an experimental character and

exhibited artificial intelligence at a sufficient level at that time.

In similar years, Karaday1 (2004) examined the developmental characteristics of
pre-school children in the context of learning theories and investigated the
contribution of computer-based instruction to child development. In addition, he
reviewed computer-based pre-school education, how to use artificial intelligence
methods, examples and problems revealed the use of. The situation in Turkey
has been examined on two factors as hardware and software, and suggestions
were made on them. Finally, the computer-based pre-school education studies in

Turkey were presented. Some of his conclusions revealed that computer
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education to preschoolers should be started with games and possible problems
should be given by early intervention. It should be kept in mind that computer-
based pre-school education is just a tool and should be used for the right purpose.
In 2014, in addition to focusing on solely programming approaches, Erimit
(2014) studied the effect of artificial intelligence-based learning environments
developed in accordance with Polya’s problem solving steps (1957, 1973, 1990)
on students’ problem-solving processes because he grounded this framework on
the idea that children should be good problem solvers to be good mathematicians
and to keep mathematical thinking active. For this purpose, Ertimit identified the
most difficult situations students faced in the problem-solving process. Then, an
artificial intelligence-based distance learning environment was made to eliminate
these difficulties. System graph theory was used in the design process of Al.
Logical inferences were made by the forward and backward chain method. The
study was designed on the movement problems of 9" grade mathematics and
conducted on 60 students in Trabzon province, Turkey. Within the scope of pilot
study, the first system and interface were evaluated by taking student and expert
opinions. In the main study, ARIMAT (artificial intelligence and math) was
applied to the groups by using pretest posttest in a quasi-experimental design.
Students and teacher interviews, and field notes were also used in the process.
The results of the study showed that the students have developed problem
solving methods, have increased their academic success. The ARIMAT provided
a significant benefit to the teachers by successfully carrying out their assessment

and evaluation activities.

In 2015, Schmoelz and his colleagues researched an intelligent tutoring interface
which is based on inquiry-based (IBL) and multi-stage learning (MSL). They
proposed how learning activities and pathways, are validated. Adaptive e-
learning systems were used. In order to be able to use the knowledge as meta-
data for the system, they explained the Pedagogical Ontology (PO), Web-
Didactics (WD) metadata, ontology writing language (OWL) and pedagogies to
link pedagogy and technology. They stressed the usage of these programs. They

provide the flexibility such that predefined sequences can automatically adaptive
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to learner behavior. For this purpose, in their studies the researchers described
the IBL and MSL with the combination of their metadata. They explained what
the main differences between computational IBL might be and MSL.

They discussed that until now computers cannot react to semantically rich and
individual questions as a requirement of the IBL approach. They cannot
understand and react to them through students' thinking. Therefore, in the
INTUITEL project working with the structured IBL pathway, the teacher
submits a sum of optional research questions and their student can pick the one
according to his/her personal interest. They explained the limitations of their
studies from IBL to computerized IBL as “the new system cannot read research
questions that are novel to the machine.” The system at the beginning needed
more participation and dialogue between teachers and students so that it can be

fed from semantically rich inputs (Schmoelz et al., 2015).

Polat et al. (2016), a professor of mathematics at Yasar University in Izmir,
Turkey conducted an artificial intelligence study to evaluate students' responses
to the test technique used in the assessment of teaching. They believed the
importance of integrating Al to educational support systems such as learning
management systems. For this purpose, they called it “supervised learning
models.” It was a concept mapping project on Intelligent Tutoring Systems in
which Polat and colleagues worked on an intelligent system design that
understood the content of a teaching document, drew concepts, and
automatically identified the relationships between these concepts. This system
with its most distinctive feature was able to determine the shortcomings and
direct students to the right place for tutoring. The program they developed found
the words given as input and the words that were closest to it. The system
acquired artificial intelligence and language processing skills. The intelligent
tutoring system was designed to share “what to teach” to students in the form of
a map instantly (BTTO, 2017; Gilnel et al., 2016; Interpress, 2015; Polat, 2016;
Sozcl, 2015).

75



Some researchers agreed that Al and mathematics have interrelated branches
(Garrido, 2010; Gunel et al., 2016). Problem solving is not only a sub-topic of
mathematics but also a part of daily life skills (NCTM, 2000). The better our
children can solve the problem, the better they can deal with problems and
develop critical thinking skills in their lives. Thus, both in the sub-topics of
mathematics and in other areas of the subject, problem solving must be involved.
These skills are measured and evaluated intensively via both national and

international large-scale assessments.

When all of these studies were examined, mathematical thinking processes,
analogy-based classroom teaching tools in math (Besold & Kiihnberger, 2014)
were taken into consideration, the background of learning theories as
“reinforcement learning” were used while developing a preliminary expert
system. Algorithms were developed and evaluated by using them on the students
in educational context. However, although some developed Al programs (or
expert systems) have been evaluated in the research process, Al studies are
relatively low specifically in the measurement, evaluation, and assessment
perspectives (Arieli-Attali, et al., 2019; Falmagne, et al., 2006; Hand, 2004;
Heffernan et al., 2006; Hernandez & Orallo, 2016). The important Al classroom
assessment programs have been ASSISTment project developed collaboratively
by the Worcester Polytechnic Institute, MA, United States and Carnegie Mellon
University (Heffernan et al., 2006) and ALEKS. ASSISTment project is to
provide cognitively based assessment of students while tutoring them. At the
same time this program was created with the adaptation of OE question formats
and provided assessment through students report to teachers. Instead, ALEKS
[Assessment and Learning in Knowledge Spaces] (Falmagne et al., 2006) was
developed by Falmagne and colleagues in the University of California, Irvine. It
was an intelligent tutoring system to teach introductory statistics course outside
class. It was based on active learning. The majority of ALEKS problems were
OE rather than MC through which students gave authentic input appropriate to
the discipline (McGraw Hill Education, 2017).
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While using interactive and assessment programs, the evaluators and educators
can collect more process data on students’ strategies, cognitive and motivational
aspects (Arieli-Attali et al., 2019). Grasping and exploring the fact that what kind
of variables and inputs are collected from human-being and how to develop these
Al systems seem to be significant in terms of repeating, developing and even
sailing new horizons regarding the future of Al in education. For this reason, in
this doctoral thesis research, a measurement-oriented framework was drawn

especially in education.

2.8.3. Future of artificial intelligence in education

Just as 1Q tests were used to measure human-being intelligence, discussions and
measurement studies on the intelligence of Al systems have begun. For example,
using an 1Q test framework, Google's Al showed that it has an 1Q of 47.28 based
on the tests throughout 2016. From this result, Google deduced that Google’s 1Q
score is relatively the same as a six-year-old human’s IQ score. Liu et al. (2018)
focused that higher the 1Q score, the higher possibility to approach a human-
being and its thinking while working in the industry.

From automated keyword estimation (Driscoll et al., 1991) to assessment
cognitive and metacognitive skills (Conati, 2016), Al developments in the
industry and especially in educational context showed us a dramatic increase in
Al systems, in other words expert systems. In fact, the development of systems
that can imitate human-based rather than logic-based systems, in accordance
with a specific rule, will play a true role in solving real-life problems. The
development of artificial intelligence through the monitoring and observation of
people and how children learn throughout history, the machines have been taught
in the same way. Similarly, in the future it is expected that expert systems will be
designed by imitating their behavior in accordance with the data received from
human-being. Until now, throughout literature review it has been found that
teaching and learning approaches (instructional strategies) used in Al

development: reinforcement learning, information processing, inquiry-based
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learning, case-based reasoning, multi-stage learning, cooperative learning, active
learning, self-explanation. An expert Al has the following basic features: must be
programmable and adaptable, clearly reveal the relationship between concepts
and the concept space that logical inference will make, the mechanism of result
output must be robust and complete, compliance between program type and

algorithm should be equal to being feasible (Ertimit, 2014).

To add, Conati (2016)’s study was on student-adaptive learning experiences. The
goal was to develop an intelligent learning environment (ILE) [called as SE-
Coach] which can support an adaptive tool working with domain independent
meta-cognitive skills rather than domain-dependent knowledge. They designed a
system which can automatically monitor students when they study examples and
provide them with adaptive interventions so that they can make self-explanation.
It means that this study focused on not only cognitive aspects but also
metacognition in terms of self-explanation. In this process the aim of self-
explanations was to help students improve their domain knowledge. In other
words, the key innovative point of this study was the system they designed
personalized to student individual differences both at the cognitive level (e.g.,
existing knowledge) and meta-cognitive level (e.g., tendency to self-explain).
The feature of the system has two folds: “1) dependency network that models
how each solution step derives from previous steps and 2) interface tools to
scaffold the target self-explanations” (p. 185). The SE-Coach was evaluated in a
controlled study with 56 college students while they are attending an

Introductory Physics course.

As some researchers highlighted, the progress on theoretical issues can be
approached by using analytical tools and techniques from deep data models as a
subset of Al. Analysis of environmental requirements is a must. Thinking about
the ways to implement some features in a robot begins with generating a specific
and testable hypothesis for behavioral tests (Conati, 2016). As such, if we want

to develop a deep data model that will meet the needs of the target audience such
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as students and to serve humanity easily, we must first start collecting from

people and we must measure their behaviors correctly.

eTeachers as being the agent of curriculum change have been believed to close the gap
between purpose and practice of curriculum making process. Through the curriculum change
in 2017 in Turkey, very few studies have been conducted to gather teachers’ opinions on
Teachers Role draft curricula, the gap between official and enacted curriculum. The more teachers make
changes and adaptations in line with their students’ needs, the higher the performance of the
students so that the received and taught curriculum would become different.

on Curriculum
Change

eSome investigations may show degrees of alignment between curriculum and teaching
practices such as misalignment between teachers’ instructional objectives and their
assessment practices, and between teachers’ beliefs and their practices. Teacher-made
assessments should be aligned with both content and actual level of cognitive demand which

Assessment as a ;
they intend to measure.

Global Concern

*The trend of item analysis stated that teachers prepared the items mostly based on LoTs such
as remembering (11.5%), understanding (27.6%), applying (32.1%); whereas in a limited
portion of HoTs such as analyzing (16.2%), evaluating (5.1%) and creating (4.7%). Teachers
tended to prepare items having 60% recall, 20% procedural and 20% thought provoking.

¢ Cognitive, motivational, and behavioral attributions may impact learning. Metacognition and
affective processes were the potential influences that can affect students eye movement
Modeling measurements. Using multimodal data has been prominent to examine the complex roles of
Metacognition and cognitive, affective, and metacognitive processes.
Affect with Eye-Trackers
and Biomarkers

¢ From automated keyword estimation (Driscoll, Rajala, Shaffer & Thomas, 1991) to assessment
cognitive and metacognitive skills (Conati, 2016), Al developments in the industry and
especially in educational context showed us a dramatic increase in Al systems. In the future it
Future of Al in is expected that expert systems will be designed by imitating students behavior in accordance

. with the data received from human-being.
Education

Figure 2. 1. A Summary of the Literature Review related to Curriculum Change,
Assessment Change, Metacognition and Affect in Neuroeducation

In the light of the abovementioned literature review, it has been reiterated that
the main purpose of this research was to examine the preferences of middle
school mathematics teachers' teaching method and measurement-evaluation

processes after the curriculum policy change in Turkey through an ecological
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approach and the quality of middle school students' responses and responses to
different items types, using multimodal mixed methods concurrent dominant
status design. While setting out to achieve these aims, the literature scrutinized at
all the comprehensive phenomenon one by one and does not approach it
holistically yet. For example, individual studies examining the quality of
teachers' in-class examination items, what kind of changes and adaptations they
could make in their teaching methods and measurement-evaluation strategies are
mostly found to use qualitative research methods. In addition, individual studies
examining students' readiness and what kind of cognitive and affective sub-skills
they could respond when exposed to qualified and higher-order item types use
qualitative and quantitative approaches separately. With the improvement of
innovations, those studies were supported by multimodal tools in the current
research. Based on these wisdoms, the research questions attempted to be
answered with deep data analysis through utilizing a mixed-methods approach

with melting different point of views.
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CHAPTER 3

METHOD

In the method section; research design, research questions, research context,
research settings, population and sampling procedures, data collection
instruments, data collection procedures, data analysis, trustworthiness, validity
and reliability of the study phases are explained for each phase. The chapter ends

with researcher experience.

3.1. Research Design

By the nature of the aim of this study and research questions, the study had a
mixed methods research design. A mixed methods study involves “the collection
or analysis of both quantitative and qualitative data in a single study in which the
data are collected concurrently or sequentially, are given a priority, and involve
the integration of the data at one or more stages in the process of research”
(Creswell et al., 2003, p. 212). The current research is based on mixed methods
research design named with an innovative concept displaying complexity of
research design as Multimodal Mixed Methods Concurrent Dominant Status
Design as an adaptation of Creswell (2018)’s Partially Mixed Concurrent
Dominant Status. The nature of the study began with the document analysis of
in-class authentic teacher-made items that dealt with qualitative approach. Then,
research flow required the quantitative approach to explore middle school
mathematics teachers’ preferences through a questionnaire. Finally, the research
was followed with explanation of 5 grade students’ reactions and responses to
different item formats that required collection both qualitative and quantitative
data in the research procedure. In the final phase, multimodal tools (e.g., eye-

tracking, wacoom bamboo tablets, smart watch) triangulated the data for
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multiple modes of communication with fifth graders reactions and responses to

item formats.

The research flow is seen in Figure 3.1. and the integration process of the
qualitative and quantitative results in Figure 3.2. As depicted in the Research
Flow, | started with document analysis of teacher-made items (i.e. Phase 1) in
which mathematics teachers were the study group, then | continued with a
quantitative survey (i.e. Phase 2) in which | authentically developed a
questionnaire for teachers and administered to 350 mathematics teachers. After
that, | extended the steps with multimodal phase to examine middle school
students’ metacognition and affective processes via qualitative reflection and
quantitative evaluation (i.e. Phase 3 and Phase 4). Lastly, | integrated the

findings to draw a deep data model.
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3.2. Research Questions

The study relied on three big dimensions and five phases. Its phases were Phase
1. Document Analysis: Examination of authentic teacher-made items; Phase 2.
Quantitative Survey: Investigation of teachers’ teaching method and
measurement-evaluation strategy preferences; Multimodal Phases including
Phase 3. Multimodal Phase: Reflection of students’ metacognition and affective
processes to different types of questions; Phase 4. Multimodal Phase: Evaluation
of students' reactions and responses to different types of questions with the use of
eye-tracker and biometric sensors; (Neuroeducation Process); Phase 5.
Integration: Modeling a Deep Data System for metacognition and affective

processes.

The following research questions guided my study:

| aimed to explore 1) To what extent is the enacted middle school mathematics
curriculum (dated 2015/valid until the end of 2016-2017 academic terms)
compatible with the proposed assessment procedures within the curriculum in
preparing middle-school students for learning outcomes?, 2) Do teaching
methods and measurement-evaluation strategies used by the middle school
mathematics teachers in the classroom after the mathematics curriculum change
(in 2018) compared to those used for the previous curriculum (dated 2015)?, 3)
How do middle school students reflect their metacognitive skills (cognitive
strategy and self-checking) and affective process (effort and worry) levels of
their responses to different item types? Is there a significant difference between
the amount of reflection of students’ metacognitive skill levels on their responses
to multiple-choice and open-ended items?, 4) What are students' reactions and
responses to different types of questions with respect to the requirement (active
use) of different cognitive strategies with the use of eye-tracker and biometric
sensors including galvanic skin response (GSR) and heart rate (HR)?, 5) What

neuro/biomarkers are needed to measure students’ responses to open-ended items
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to evaluate their metacognitive (cognitive strategy and self-checking) and

affective processes (worry and effort) through a deep data modeling?

3.3. Research Context

Based on the multimodal mixed methods concurrent dominant status design, the
present study began at the fall semester of the 2017-2018 academic year. Then,
the research process continued in the 2018-2019, 2019-2020, 2020-2021

academic semesters which were detailed in this study.

3.3.1. Research setting(s)

Data were collected in the Sariyer district of Istanbul where | informed school
administrators about the research process and shared the sample instruments with
them. There were 8 schools in total where teachers are willing to contribute to
the study. These were 2 private and 6 public schools. A foundation school
informed that they have an intensive busy schedule in school tasks. Therefore,
they were asked to be withdrawn from the study. It was decided to work with

another private school instead of the former one.

There was a total of 89 schools in Sariyer, 33 184 students and 2 324 teachers.
There were 50 middle schools and among them, there are 37 public middle
schools, one of them is for visually impaired students and 13 private middle
schools. The public schools as representative of each unit of analysis in
neighborhoods were also selected as purposefully as high, middle, low according
to end of year success/TEOG results. Sariyer district, Istanbul, Turkey is
representing upper, middle and lower-middle class SES levels according to The
Government of Istanbul Socio-Economic Analysis (2020). Mathematics teachers
and their 5th grade students from these schools participated in the study.
Mathematics teachers in Phase 1 participated in the study from the district.
Mathematics teachers of survey development process in Phase 2 also participated

in the study from the district. Mathematics teachers participated in the survey
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delivery process in Phase 2 from various districts in Istanbul. Middle school
students who participated in Phase 3 and Phase 4 were from three districts (e.g.,
Besiktas, Fatih, Sartyer) in Istanbul since there was an announcement conducted.
The students from similar SES districts were also welcome. Ultimately,
neuroeducation lab study with the volunteer students took place in Brain
Dynamics Laboratory settled in a foundation university, Sariyer district. | took

neuroeducation settings apart below in section 3.3.3.

3.3.2. Population and sampling procedures

The sampling strategies employed for each phase of the study are explained

successively based on the phases of the study.

a. Phase 1. Document analysis

The sampling strategy was purposeful sampling. “The power of purposeful
sampling lies in selecting information rich cases for study in depth” (Patton,
2002 p. 169). The unit of analysis was each school settled in the neighborhood of
Sariyer District (see. tables in Appendix B and C). There are 38 districts in
Sariyer. The unit of analysis for this study was reaching a public school in each
neighborhood because the unit of analysis was the major entity that I was
analyzing in the study and the level of generalization. If more than one school in
a neighborhood, the schools were selected as a rate of % to be representative.
Major parameter was number of public and private schools. One private and 4

public schools volunteered to participate in the Phase 1.

b. Phase 2. Quantitative survey

The sampling strategy utilized for the survey was purposive and convenient
sampling. A convenience sample is “a group of individuals who (conveniently)
are available for study” (Fraenkel et al., 2014, p. 99). It was purposive at the

beginning because | had to interview with the teachers from the schools in
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Sartyer for survey instrument development before reaching out bigger sample
size of mathematics teachers for survey delivery. For survey development, eight
schools in Sariyer were participated. After the survey development, the
mathematics teacher for the survey delivery part were selected according to

convenience sampling method.

Before the new academic semester of state schools started, | collected data from
the mathematics teachers while delivering the survey. MoNE Director of Istanbul
organized a seminar for all middle school mathematics teachers for their
professional development. | learnt the day and time of this seminar from MoNE
Director of Istanbul and after that used this opportunity to reach a larger sample

size.

c. Phase 3 and Phase 4. Multimodal phase

The sampling strategy was purposeful sampling (Fraenkel et al., 2014) and then
snowball sampling to gather support from participants and their families. | made
an invitation announcement to candidate schools, administrations, and parents
(see Figure 3.3 for invitation poster) with parent consent forms. | would not
simply study whoever is available but rather use my judgment to select a sample
that | believe, based on prior information, would provide the data | need. For
these phases, | aimed to work not only with regular fifth grade children allowed
by their schools and their parents, but also with talkative ones who are also
awareness of research, who did not have any optical problem, of contributing to

the study.
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ragtirmacilar: Bengi Birgill & Dr. Tuna Cakar

QRBEYImIz 1112 yag gocuklanni kapsamakta olup kati/iles
“Neurokids® Bilimsel Aragtirmaya Katilim Belges! verdecektir

Figure 3. 3. Invitation Poster to Neuroeducation Study

d. Introductory of schools participating in the research phases

Private Schools in Sariyer. TWO private schools participated.

School 1. Philosophy: the world of tomorrow; population growth, economic and
social dynamics created as a result of the rapid depletion of natural resources
brings more rapid and compelling changes. Schools should embrace these
challenges and change; students should be educated as individuals who will
manage and analyze these phenomena without compromising the universal
values. In School 1; we believe in the power of knowledge, the unification of
universal values, and our responsibility to improve the existing conditions of
human life and nature. Values: Honesty (Consistency, fairness and accuracy),
Respect (to other people, cultures, living things, environment and individual
differences), Responsibility (at personal and social and social levels),
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Productivity (individual who adds value to society), Awareness (in terms of
personal and human conditions). Moreover, School 2 is developed by a public
University Faculty of Education, the education is implemented by expert
educators, who monitor the students individually and regularly inform families
and actively participate in the process. A contemporary, original and creative
education approach is applied. The courses in which questioning and
investigative methods are followed are student-centered. Students construct and
create information themselves in a democratic environment. They play an active
role in obtaining information; they question, investigate and reconstruct
information using their creativity. They do this by comparing them with the

information they have previously acquired and retained in their mind.

Public Schools in Sartyer. Six public schools participated.

There is overarching national aim of education among public schools. Their
common vision is being in line with the principles of the Basic Law of National
Education, which adheres to the principles and reforms of Mustafa Kemal
Atatlrk (our founder), integrates with technology and adopts democratic life;
The principle is to raise generations of intellectual and conscience, who have a
culture, who work, work, give importance to reason and science. Their mission is
to raise knowledgeable, resourceful and self-confident individuals, to raise
individuals who have the power of decision-making of democratic life, which

derives from country values.

School 3 mission is to provide qualified education to prepare all children of
compulsory education age for life and higher education. There are 24 teachers, 1
guidance and psychological counseling teacher and 378 students. Art and
cultural activities such as Drama course, Ebru workshop, Ceramic workshop and
English Theater Works are also held in this school. School 4 prepares all our
students as secular, democratic, future-oriented, happy individuals who are open
to research, innovative, learning using technology, looking to the future, hopeful,

happy individuals. in. They aim at educating respectful, democratic, peaceful,
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and self-confident students and to be the highest quality school of the future.
There are 40 teachers, 2 guidance and psychological counseling teachers, 1073
students and 29 classrooms. While in School 5, there are 35 teachers, 565
students and 21 classes; in School 6, there are totally 23 teachers, 624 students
and 22 classrooms. In School 7, it is stated that there are totally 72 teachers, 3
guidance and psychological counseling teachers, 1190 students and 18
classrooms, whereas, in School 8, there are 31 teachers, 348 students, and 20
classrooms. It gives importance to educate pupils as self-confident, successful,
principled, sensitive, open-minded, investigative-questioning, improved
communication skills, self-evaluating, collaborative, creative and critical
thinking, open to learning and innovation, intellectual, courageous, open to
multi-faceted, assimilated national culture to educate globally thinking

individuals.

The participants of the overall research in line with research phases were
described in Table 3.1.
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Table 3. 1. Flow and Participants of the Study

Phases Rescarch Questions Study Group Data Collection Process Experts Opinion
(Prof., Assoc. Prof., Assist.
Prof., expert in the field)
DOCUMENT ANALYSIS 1) To what extent is the 10 mathematics teachers 1.Advisor, the professor of
Phase 1. Examination of enacted middle school from 5 different public 380  in-class  authentic department of educational
authentic teacher-made items mathematics curriculum  (62%) and private schools teacher-made examination sciences, curriculum and
(valid until the end of 2016- (37%) located in lower- items were collected instruction program
2017  academic  terms) middle and middle SES
compatible with the districts in Istanbul, Turkey. 2.An associate professor
proposed assessment from the department of
procedures  within  the mathematics and science
curriculum in  preparing education

middle-school students for
learning outcomes?

3.A PhD candidate from the
department of educational
sciences, measurement and
evaluation program  and
research assistant in the
department of mathematics
and science education
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Table 3.1. (continued)

Phases Research Questions Study Group Data Collection Process Experts Opinion
(Prof., Assoc. Prof., Assist.
Prof., expert in the field)
QUANTITATIVE 2) Do teaching methods and 14 Middle School  Semi-structured Interview 1.Advisor, the professor of
SURVEY measurement-evaluation Mathematics Teachers the department of
strategies used by the middle educational sciences,
Phase 2. Investigation of school mathematics teachers Development and Delivery  curriculum and instruction
teachers’ teaching method in the classroom after the 350 Middle School of  Survey  Instrument program
and measurement-evaluation maths curriculum change Mathematics Teachers Teaching Method
strategy preferences compare to those used for (administered & returned) Preferences and 2.A professor the department
the previous curriculum Measurement-Evaluation of educational sciences,
(valid until the end of 2016- Strategies Questionnaire measurement and evaluation
2017 academic terms)? [TMMESP-Q] program
MULTIMODAL PHASE 3) How do middle school 1.Advisor, the professor of
Phase 3. Reflection of students reflect their 14 Young Adults for Pilot Think  Aloud Process department of educational
students’ metacognition and metacognitive skills ~ Study Protocol sciences, curriculum and

affective ~ processes  to
different types of questions

Phase 4. Evaluation of
students'  reactions  and
responses to different types
of questions with the use of

(cognitive strategy and self-
checking) and  affective
process (effort and worry)
levels of their responses to
different item types?

Is there a significant

32 5™ Grade Middle School
Students

MC and OE Mathematics
Item Groups

Eye-tracking and Biometric
Sensor Tools

instruction program

2.Co-Advisor, The assistant
professor  of  computer
engineering & psychology,
big data analytics,
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Table 3.1. (continued)

Phases

Research Questions

Study Group

Data Collection Process

Experts Opinion
(Prof., Assoc. Prof., Assist.
Prof., expert in the field)

eye-tracker and biometric
sensors

difference  between  the
amount of reflection of
students” metacognitive skill
levels on their responses to
multiple-choice and open-
ended items?

4) What are students'
reactions and responses to
different types of questions
with  respect to  the
requirement (active use) of
different cognitive strategies
with the use of eye-tracker
and  biometric  sensors
including  galvanic  skin
response (GSR) and heart
rate (HR)?

information technologies and
computing

3.Several

expert opinions from the
professors of the
departments of measurement
and evaluation, cognitive
science, mathematics
education
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Table 3.1. (continued)

Phases

Research Questions

. Study Group

Data Collection Process

Experts Opinion

(Prof., Assoc. Prof., Assist.

Prof., expert in the field)

INTEGRATION

Phase 5. Modeling a Deep
Data System for
metacognition and affective
processes

5) What neuro/biomarkers
are needed to measure
students’ responses to open-
ended items to evaluate their
metacognitive (cognitive
strategy and self-checking)
and  affective  processes
(worry and effort) through a
deep data modeling?

32 5™ Grade Middle School
Students

Theoretical Design of a Computer Engineering,

Deep Data Models
neuro/biomarkers

with Cognitive Sciences,

Measurement and
Evaluation, Educational
Sciences, Mathematics
Education
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Table 3. 2. Research Phases Related to Research Design

Phases Research Questions Design Types Reason
DOCUMENT ANALYSIS 1) To what extent is the enacted middle Analysis of in-class authentic teacher-
school mathematics curriculum (valid made items when dealing with quality of
Phase 1. Examination of authentic until the end of 2016-2017 academic items
teacher-made items terms) compatible with the proposed o7 ;
assessment procedures within  the Cualitative Design
curriculum in preparing middle-school
students for learning outcomes?
QUANTITATIVE SURVEY 2) Do teaching methods and Dealing with numerical data collected
measurement-evaluation strategies used by the TMMESP questionnaire
Phase 2. Investigation of teachers” by the middle school mathematics
teaching method and measurement- teachers in the classroom after the 8 :
Quantitative Design

evaluation strategy preferences

MULTIMODAL PHASE

Phase 3. Reflection of students’
metacognition and affective processes to
different types of questions

mathematics curriculum change
compare to those used for the previous
curriculum (valid until the end of 2016-
2017 academic terms)?

3) How do middle school students
reflect their metacognitive  skills
(cognitive strategy and self-checking)
and affective process (effort and worry)
levels of their responses to different item
types?

Dealing with words and meaning of 5™
graders  while reflection  their
metacognition and affective processes.
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Table 3.2. (continued)

Research Questions

Design Types

Reason

Phases
MULTIMODAL PHASE
Phase 4. Evaluation of students'

reactions and responses to different
types of questions with the use of eye-
tracker and biometric sensors

4) What are students' reactions and
responses to different types of questions
with respect to the requirement (active
use) of different cognitive strategies
with the wuse of eye-tracker and
biometric sensors including galvanic
skin response (GSR) and heart rate

(HR)?

Mixed Design (QUAL = Quan)

Dealing with numbers and statistics
while exploring 5 graders reactions and
responses to different types of questions
through multimodal tools.
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a. Participants of document analysis: Examination of authentic teacher-

made items

To begin with the research, after the ethical approvals from Middle East
Technical University and MoNE, I got in contact with all of the middle schools
from Sariyer and 5 schools (1 private and 4 public) accepted my invitation to
participate in the introductory phase of the research. The authentic teacher-made
examinations were collected from 10 middle school mathematics teachers of 4
public and 1 private schools in Istanbul. The distribution of schools and teachers

were described in Table 3.3.

Table 3. 3. Schools and Characteristics of the Mathematics Teachers who
delivered Examination Items for Document Analysis

School ID  School  Number of Gender Years of Number of Total
Type Examination Experience Examination Number of
Papers for Papers for Examinati
pre-change after-change on Items
School 1 Public 2 F 11 7 117
F 2
School 2 Public 2 F 7 5 87
F 5
School 3 Public 2 F 4 2 45
M 13
School4  Public 3 F 20 6 117
F 11
F 15
School5  Private 1 F 5 1 14
TOTAL 10 21 380

Note: F = Female, M = Male

The study group of this study (see Table 3.2) were ten middle school
mathematics teachers from public and private schools in Sariyer, Istanbul. Due to
Istanbul being a very complex metropolitan city, Sarryer was selected as a study
province because my affiliation has an already signed protocol with Sariyer
District Directorate of National Education. So, | was allowed to easily access the

public schools to use as pilot schools.
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The study group of this multimodal mixed methods research design was selected
as purposeful sampling. “The power of purposeful sampling lies in selecting
information rich cases for study in depth” (Patton, 2002). In this study, the unit
of analysis was each school settled in the neighborhood of Sariyer District (see.
Appendix A). There are 38 neighborhoods in Sartyer. The descriptive statistics
for each school was shown in Appendix B and C. The unit of analysis for this
study was a school in each neighborhood because the unit of analysis is the
major entity that | am analyzing in the study and the level of generalization. If
there was more than one school in a neighborhood, the schools were selected at a
rate of % to be representative.

There is a total of 89 schools in Sariyer, 33 184 students and 2 324 teachers.
There are 50 middle schools and among them, there are 37 public middle
schools, one of them is for visually impaired students and 13 private middle
schools. The public schools as representative of each unit of analysis in
neighborhoods was selected as purposefully as high, middle, low according to
end of year success (i.e., TEOG results). (see. Appendix O for participating
schools for teacher-made examinations)

Ethical Approvals from METU and MoNE were conducted as following:

e Phase 1. Examination of authentic teacher-made items (see. Appendix D
for the ethical approval from METU and see. Appendix G from MoNE)

e Phase 2. Investigation of teachers’ teaching method and measurement-
evaluation strategy preferences (see. Appendix E for the ethical approval
from METU and see. Appendix H from MoNE)

e Phase 3. Reflection of students’ metacognition and affective processes to
different types of questions (see. Appendix F for the ethical approval
from METU and see. Appendix | from MoNE)

e Phase 4. Evaluation of students' reactions and responses to different types

of questions with the use of eye-tracker and biometric sensors;
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(Neuroeducation Process) (see. Appendix F for the ethical approval from
METU and see Appendix | from MoNE)
e Phase 5. Modeling a Deep Data System for metacognition and affective

processes.

b. Participants of the survey: Investigation of teachers’ teaching method and

measurement-evaluation strategy preferences

Survey Development study. A total of 14 middle school mathematics teachers
from two private and six public middle schools in Sariyer District in Istanbul
participated in the Phase 2 of the study. Only two teachers were participants
from one of the top-level private schools in Sartyer District. Participants were
11 female (79%) and 3 male (21%) between the ages of 28 and 42. Their year of
seniority in teaching ranged from 2 to 20 years. Most of the teachers (n = 11)
graduated from the department of mathematics education (middle school). Only
three of them graduated from the department of mathematics (arts and science),
yet they hold teaching certification after the graduation. Most of them were
teaching two grade levels (e.g., 5, 7 or 5, 6) while few of them were teaching

more than two grade levels (e.g., 5, 7, 8).

| explained the aim of this stage of the thesis and asked permission to study and
interview with the mathematics teachers, and then observe their classes. These
14 mathematics teachers who volunteered to participate in the study are as
follows (Table 3.4):
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Table 3. 4. Characteristics of the Mathematics Teachers who were Interviewed

for the Development of TMMESP-Q Items

Teacher# The Gender School School Year of Years in the
Teacher’s Type Numbers  teaching school
Code (Middle experience

Schools)

1 TeacherA F Public School3 20 10

2 Teacher B F Public School 3 11 4

3 Teacher C F Public School4 2 1

4 Teacher D F Public School 4 11 7

5 Teacher E F Public School7 4 1

6 Teacher F M Public School 7 13 2

7 Teacher G F Private Schooll 3 3

8 Teacher H F Public School 5 11 1

9 Teacher | F Public School5 7 1

10 Teacher J F Public School5 5 3

11 TeacherK F Public School6 6 4

12 Teacher L F Private School2 5 2

13 TeacherM M Public School8 6 3

14 Teacher N M Public School 8 11 2

Survey Delivery Study. The participants for the survey study were selected based

on a convenient sampling method. Firstly, the data were collected by Teaching

Methods [TM] and Measurement-Evaluation Strategy [MES] Preference
Questionnaire (TMMESP-Q) developed by the researcher. The independent

variables for descriptive were 350 middle school mathematics teachers’ gender,

age, school type, branch, graduation program, the university of pedagogical

formation certification program (if applicable), year of pedagogical formation,

period of in-service education, year of seniority in teaching, year of working in

their school, grade level of teaching, and classroom size.

The descriptive statistics regarding 350 mathematics teachers were analyzed in

Table 3.5.
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Table 3. 5. Descriptive Statistics of Teachers who Filled TMMESP-Q in the Main Study

Characteristics  TMrota® MESrotal” TOTALS
Gender f M(SD) f M(SD) f % Cumulative %
80.04 51.08
Female 203 (6.27) 224 (6.70) 246  70.3 70.3
77.47 51.27
Male 93 (6.71) 99 (7.13) 103 294 99.7
Age
79.62 51.89
20-29 107 (6.05) 117 (6.32) 123 351 35.1
78.07 50.67
30-39 130 (6.62) 138 (6.90) 151 431 78.3
81.11 50.57
40-49 44 (6.86) 51 (7.41) 55 15.7 94.0
80.94 51.39
50+ 16 (6.06) 18 (7.63) 21 6 100.0
School type
. 78.63 51.42
Public 176 (6.78) 206 (7.04) 217 62 62
. 80.14 50.77
Private 109 (5.86) 117 (6.26) 132 37.7 99.7
Branch
Elementary 78.36 52.02
mathematics 7 (6.78) 84 (6.57) 85 243 243
. 79.58 50.89
Mathematics 218 (6.35) 238 (6.87) 262 749 99.1
Graduation
program
Mathematics 78.71 51.49
education 203 (5.65) 220 (7 15) 233 666 670
Arts and 80.47 50.51
sciences 93 (5.96) 102 (5.90) 115 329 100.0
PFCP
31 different
faculty of - - - - 104 29.7 29.7
education
78.65 51.51
NA 204 (6.62) 221 (7.23) 234 66.9 96.6
TOTAL 350 100.0 100.0

aThe total of TM part of TMMESP-Q is 100.
The total of MES part of TMMESP-Q is 75.
“The total of participants who was able to fill out both parts.

According to the descriptive statistics of teachers which is reported in Table 3.4,
number of female mathematics teachers (f = 246, 70.3%) are higher than the
number of male mathematics teachers (f = 103, 29.4%). Most of the teachers’
age were between 30-39 (f = 151, 43.1%) and 20-29 (f = 123, 35.1). The number
of teachers who are working at public school (f = 217, 62%) than the number of

teachers who are working at private schools (f = 132, 37.7%). The number of
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teachers who graduated from the department of mathematics education were
higher (f = 233, 66.6%) than those who graduated from the department of arts
and science (f = 115, 32.9%). The teachers who graduated from pedagogical
formation certification program (PFCP) (i.e., called as Teaching License
Program in the U.S. A) indicated 31 different names (e.g., Abant Izzet Baysal,
Atatiirk, Canakkale Onsekiz Mart, Firat, Gazi, Istanbul, ITU, YTU etc.) of
faculties of education in Turkey (f = 104, 29.7%). Most of the teachers teaching
in more than one grade levels such as 5" and 6™ (f = 34, 9.7%), 7" and 8" (f =

44, 12.6%), 5" -6™- 7" and 8™ (f = 56, 16%).

According to the descriptive statistics of continuous variables in Table 3.4, the
average time of having PFCP was around 1 year (M = 1.37 SD = .83).
Nevertheless, nearly all of them did not know the time of their in-service teacher
education (per month, week, day or hour). Their seniority year in mathematics
teaching was around 11 years (M = 10.90 SD = 7.53) whereas their years passed
in the schools until the data collection process was found to be 4 years (M = 4.09
SD = 3.68). It was seen that most of the participating teachers are experienced in
the profession. The results indicated the teachers’ weekly course hours were 25
(M = 25.05 SD = 8.12) and the average number of students they have in their
classes were 30 (M = 29.63 SD = 8.62).

c. Participants of multimodal phase: Neuroeducation

This section refers to Phase 3: Multimodal Phase: Reflection of students’
metacognition and affective processes to different types of questions and Phase
4: Multimodal Phase: Evaluation of students' reactions and responses to different

types of questions with the use of eye-tracker and biometric sensors.

The participants for the multimodal phase were selected based on a purposeful
and then snowball sampling method. Among middle school students who were
neuroeducation study participants, 17 children were female (53%) and 15 were

male (47%). All of them were 10 years old and 5" graders in the public and
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private middle schools. Three students were studying in a private school in Ulus,
Besiktas (9.38%), 9 out of 32 were studying in a public school in Maslak, Sariyer
(28.13%), 3 were studying in a public school in Kocamustafapasa, Fatih
(9.38%), 2 were studying in a private school in Tarabya, Sariyer (6.25%), 2
were studying in a public school in Etiler, Besiktas (6.25%), only one student
was studying in a private school in Levent, Besiktas (3.13%), and 6 were
studying in another public school in Kocamustafapasa, Fatih (18.75%). One
student was studying in Capa, Fatih, (3.13%) and one student was studying in
Ferahevler, Sariyer (3.13%), 3 were studying in a public school in Fatih (9.38%),
only one student was studying in a private school in Uskiidar (3.13%). In total,
nearly one fifth (22%) of the students were studying in private schools whereas

most of them were studying in public schools in Besiktas, Sartyer, and Fatih.

The districts where the students schooling was divided into three regions; 5 out
of 32 students were studying in Besiktag (16%), 13 were studying in Sariyer
(40%), and 14 were studying in Fatih (44%) districts. The maximum total time
on task they used while solving mathematics items was 31 minutes and the
minimum time was 9 minutes. According to time on test data, the most time
spent while responding to items was the 3" item (Procedural, Evaluating) with
2.9 minutes while the question with the least time was the second question with

.8 minutes.

3.3.3. Neuroeducation settings

Neuroeducation is an applied field. The Brain Dynamics lab is located at the end
of the corridor on the fourth floor of Mef University (Figure 3.4). This laboratory
uses various high quality equipment such as Gaze Point 3 HD Eye Tracker
150Hz, g.Nautilus PRO 32-Channel EEG/ERP, Gazepoint 3 HD Biometrics
(GSR) System, Gazepoint 3 HD Biometrics (GSR) System, MSI GT75 Titan
8RG-092 TR i9-8950 HK 32 GB 1 TB + 512 GB (2X256) SSD GTX 1080 17.3"
Full HD Notebook, Lenovo ThinkStation P330 Tiny Business Desktop Black

(Intel core i7-8700T 6-Core, 16GB RAM, 512GB SSD, Quadro P620, WiFi,
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Bluetooth, 5xUSB 3.1, 1xHDMI, Win 10 Pro) to enhance the accuracy of the
scientific results. The initiatives that will be completed in this lab will be
interdisciplinary academic research projects. Numerous academic fields,
including linguistics, computer engineering, philosophy, industrial engineering,
and psychology, contribute to Neurolab. The major areas of interest include
cognitive neuroscience, human-computer interaction (HCI), brain-computer
interaction (BCI), user experience research (UX), neurolinguistics, learning, and

applied neuroscience (neuroeconomics, neuroergonomics, and neuromarketing).

Figure 3. 4. MEF University Brain Dynamics Laboratory

Observation, surveys, interviews, and questionnaires are commonly used in
current practices. Even if these methods have unquestionably improved our
insight into students' educational experiences, they are limited to the student's
memories and perceptions about what researchers can "externally” observe.
Furthermore, data collected throughout this way can only be analyzed after the
learning experience has ended, obviating the opportunity to scaffold students'
learning in real time through feedback mechanisms (Giannakos, 2021). On the
other hand, eye-tracking technology and wristbands allow for unobtrusive,
continuous, and automatic data collection during students' experiences without
self-report bias. For this reason, we decided to use Empatica E4 wristband
(Figure 3.5) and Eye Tracker (Figure 3.6) in addition to the semi-structured
interview for our research. The combination of gaze and physiological
measurements (from eye trackers and wristbands, respectively) were used
simultaneously while students were solving math problems.
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Data collection occurred at the Brain Dynamics Laboratory at MEF University.
First, participants were provided with informed consent. Parental approval was
provided for all children. After providing consent, the E4 wristband was placed
on the participant’s non-dominant wrist, then data collection devices such as eye
tracker, wristband, webcam for face gestures tracking system are connected and
calibrated. The eye tracker was placed on a table that was adjusted to the height
of the child's seat, and the child was positioned in a comfy chair at a viewing
distance of 65 cm. The participants also had noticeable head movement freedom,
which made the test environment feel more natural. Calibration procedure was
completed before beginning the eyetracking. EDA and BVP data are stored on
the E4 connect website (Figure 3.7), the E4 sensor is counted as a session from
the time it is started until the time it is turned off. The Wacom Bamboo Slate
(Figure 3.8) tablet, which has the ability to convert handwritten notes and
sketches into digital files, was given to the children, and after writing their
names, date and school, they were asked to answer math questions with this
device. Children were given the chance to ask questions in order to get more
information when it was needed. Children were asked to think-aloud after
solving the problems/responding to the items. Children’s verbal reports of
thinking aloud were recorded by a Sony Audio Recorder (Figure 3.9), and the
problem-solving process was recorded with a Gopro video camera throughout

the entire session.

Figure 3. 5. Empatica E4 Wristband used for Affective Processes
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Figure 3. 6. Eye-tracker used for cognitive processes
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Figure 3. 7. EDA and BVP data stored in the E4 connect website

Figure 3. 8. Wacom Bamboo Slate used for handwritten problem-solving steps

107



Figure 3. 9. Voice recorder used for think-aloud processes

Sensors on the E4 are designed to collect high-quality data. It's the only wearable
on the market that combines EDA and PPG sensors to monitor sympathetic
nervous system activity and heart rate at the same time (see Figure 3.7). BVP,
inter-beat interval (IBI), heart rate (HR), electrodermal activity (EDA) or GSR,
skin temperature (ST) can all be measured with the E4 wristband. The Empatica
device is designed to provide physiological parameters such as skin conductivity
or heart rate that can be used to detect arousal changes. It does not, however,
provide indicators for interpreting physiological data in terms of emotion, such
as fear or joy (Sasshe & Leuchter, 2012). For this reason, in order to better detect
the emotions of the students, after each math question, the students were asked
questions to understand their feelings, such as how sure they were about this
question, how much they tried, whether they felt worry or not. Worry and effort
variables were created to better understand the affective process. It was then

checked whether their discourses and physiological data matched and validated.

| combined the Think Aloud (RTA) method and eye-tracking technology. The
practice of monitoring users' eye movements while staring at the location of an
object is known as eye tracking (Figure 3.10 and Figure 3.11). After the session
has concluded, an analysis tool generates a heat map that shows which sections
of the website are being glanced at the most. It can be based on one participant's
eye movements alone, or it can incorporate information from all of them
(Hyrskykari et al., 2008). In our research, while solving the math question, the
eye movements of the children were measured simultaneously. Then, under the

sub-title of metacognitive skills, the area of interest and the number of times they
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looked back at the question were examined as variables by looking at the heat
map. There may be a difference between where the child is actually looking and
where the eye tracker reports that the child is looking, due to incorrect
calibration. In cases where the caliber was incorrect or did not track the eye, | did
not include it in the research data. During early development, abnormal fixation
length patterns may act as an indicator such as Wass et al. (2015) recently
showed that newborns in the early phases of autism had lower fixation lengths
while viewing static images. To maintain internal validity, there was no child
with a developmental disorder in our study. Lack of interest can cause the
participant's data to be useless, loss of interest can be better understood and
excluded from the research by looking at a student's E4 data, eye data, and think-

aloud.

Coktan Segmeli

Odanin bir kosesine sekildeki gibi kutular konmustur. Her kutu_ayni biyiikliiktedir. Odanin
kosesinde kag tane kutu vardir?

A) 25

B) 19

c) 18

D) 13

Figure 3. 10. Sample Item 2 from Group 1 Item Pool

video_export_(03:0420-18. 4723 1. avi

Odanin bir kosesine sekildeki gibi kutular konmustur. Her kutu
ayn biiytikliiktedir. Odanin kosesinde kag tane kutu vardir?

P o) 015/609

Figure 3. 11. Monitoring students’ eye movements while staring at the location
of an object
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| also see technologies using a multimodal mixed-methods approach in other
studies with children. Le-Cultura et al. (2021) use a combination of traditional
video annotations and MMD to better understand how children interact with
educational technology. They used a camera, wristband, eye-trackers, and Kinect
to collect data while 26 children aged 10 to 12 played a Motion-Based
Educational Game (MBEG). Children's skeletal data were collected using the
kinect sensor, skeletal data is unnecessary for us as we do not make children play
a game based on any physical activity. | preferred the screen-based eye tracking
device because the participants were looking at the computer screen throughout
the session. In this study, Tobii, which is eye tracking glasses with a built-in
camera on the bridge of the nose, was preferred for the participants to move

more freely, since it is a game-based study.

The study of Téthova et al. (2021) looked at how well upper-secondary children
could use the periodic table to solve problems. To analyze the logic behind the
students' performance, eye-tracking and retrospective think-aloud approaches
were applied to map the tactics they utilized and challenges they encountered
when performing the tasks. The eye-tracker data was subjected to a quantitative
analysis, which included a temporal fixation length evaluation on designated
areas of interest. A qualitative study of the students' procedure was also thanks to
the think-aloud approach, which supported the eye-tracking record as well as the
students' transitions. In addition to the similarity of think aloud and eye-tracking
processes, in this study, physiological parameters were not examined with the
Empatica E4 device as in our study. Salmeran et al. (2017) looked at how high
school students expressed skimming and deeper processing of information when
answering questions using a Wikipedia page, as well as how their reading
comprehension abilities and question type influenced these processes.
Retrospective think-aloud methods and eye-tracking measurements were
examined. In the coding of eye movement data, the area of interest was coded
similar to what I did in my study. Then they computed the number of dwells and

run dwell time based on eye-tracking data.
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When I look at these studies, | observe that there are no physiological parameters
other than an eye tracking device in studies with children using the think aloud

procedure.

3.3.4. Data collection instruments of the research phases

A researcher-developed questionnaire, which is called as teachers’ teaching
method and measurement-evaluation strategy preferences questionnaire
[TMMESP-Q] and its dimensions is primary data collection tool for quantitative
survey after a semi-structured interview form was also used to collect initial pilot
data for the questionnaire. The TMMESP-Q was developed to analyze teachers’
teachers’ teaching method and measurement-evaluation strategy preferences
after curriculum change. Then, think-aloud process protocol and mathematics
items pools consisting of open-ended and multiple-choice item formats were
prepared for 5™ grade students. Following sections provide a brief overview of

data collection tools for the survey and the neuroeducation process.

a. Data collection instruments of quantitative survey: TMMESP

Questionnaire

For the quantitative survey, TMMESP questionnaire was developed and used to
determine middle school mathematics teachers’ teaching method and

measurement-evaluation strategy preferences after curriculum change.

Instrument Development Phase. A semi-structured interview protocol form (see.
Appendix K) developed by the researcher containing eight questions was used to
identify mathematics teachers’ curriculum change practices (their view of
curriculum, the similarities they observed, their instructional preferences for
mathematics teaching and their preference for preparing students assessment and
examination, constructivist approach) in Sariyer middle school after the policy
change in 2017, similarities and differences between the enacted curriculum

(applied in 2018-2019 semester) and old curriculum (valid until 2017-2018),
111



their experiences regarding in-class teaching method and measurement-
evaluation, their observation regarding mathematics classes during doing
mathematics exercises, their students’ cognitive, metacognitive and affective
experiences on open-ended items. In addition, they were asked to share their
first-hand experiences revealed from in-class teaching and the reviewed literature
about the difficulties of their experiences, their students’ expectations, and
improvement area. The form was also subjected to expert opinion from two
mathematics teachers, one associate professor in the field of mathematics

education and my advisor to be valid and reliable.

Firstly, | separately transcribed verbatim into a Word document from audio-
recorded, semi-structured interviews conducted with teachers and the field notes
are typed. | adopted an inductive approach for content analysis to discover
patterns, categories and themes (Patton, 2002). Content analysis was separately
conducted to these transcriptions. Widely used in social sciences, this method
was used to scan transcriptions and to determine the patterns behind words and
concepts (Krippendorff, 2004, 2011). I firstly read and reread the raw data to
immerse into interviews and field notes. Subsequently, she started coding and
generating categories and themes. As a result of content analysis of the

interviews, 112 codes and 16 categories were reached.

Based on the codes, categories and themes from semi-structured interviews
systematic literature review, | authentically and theoretically developed and
decided the Teaching Methods [TM] and Measurement-Evaluation Strategy
[MES] Preference Questionnaire (TMMESP-Q) dimensions.

b. Data collection instruments of neuroeducation process

There are many data collection instruments used in the neuroeducation process at
the brain dynamics laboratory while experimenting with 5" grade students. They
are think-aloud process protocol, Empatica E4 wristband, Gazepoint eye-

tracking tool, Sony voice recorder tool and Wacom Bamboo Slate (see the detail
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of the tools pp. 132-134 above). Empatica E4 wristband was connected to and
calibrated together with other data gathering tools like an eye tracker, wristband,

and camera for recording facial gestures.

Fifth graders were asked to think-aloud after solving the problems/responding to
the items. Children’s verbal reports of thinking aloud were recorded by a Sony
Audio Recorder, and the problem-solving process was recorded with a GoPro
video camera throughout the entire session. While Empatica E4 Wristband was
used for measuring affective processes, eye-tracker was used for cognitive
processes, voice recorder was used for think-aloud processes, and Wacom

bamboo slate was used for handwritten problem-solving steps.

Think-aloud process protocol (see. Appendix R) was designed for 5" grade
students in which students 1D, name code, study date and time, and report
analysis data were written. Then, | qualitatively coded 1) whether students
answer was true or false, 2) item difficulty level (1 = easy, 2 = moderate, 3=
difficulty), 3) the description of think-aloud voice record. For instance, I
described how students’ cognitive strategy subskills correspond to eye-tracking
system data; self-checking subskills correspond to eye-tracking system data; how
many times did a student look back and forth to the items? How many times did
s/he focus on the item? Do they have the tendency of looking back and forth
while responding? 4) analysis of solution steps through hand-written data: by
looking at the solution steps, did student use any the cognitive strategy? Did s/he
use her/his self-checking skill? 5) Qualitative description of similarities and
differences between actions and discourses. 6) Regarding emotions: what does
the E4 report show? (add audio, visual field note), Any sense of effort or feeling
of worry? The researcher put EDA and BVP screenshot here among E4 data. 7)
Finally, Area of Interest and time on task added into the protocol so that | can
understand the time student started to respond the item and s/he turned to me and

speak aloud.
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All details of each student were collected from data collection tools and recorded

into the protocol sheet. Individual deep data as recorded for 32 students.

3.3.5. Data collection procedures of the research phases

There are four phases explained for the data collection procedures of multimodal

mixed methods concurrent dominant status design.

a. Data collection procedures of document analysis: Examination of
authentic teacher-made items

Middle school mathematics teachers in Turkey are responsible to collect two
core examinations from their students in one semester. Therefore, each middle
school mathematics teacher (n = 10) who volunteered to participate in the study
submitted to me two sets of teacher-made examinations, a total of 21 authentic
teacher-made examination items were collected. The total of the mathematics
item pools consisted of 380 items. The authentic teacher-made examination
items were given by the teachers as a hardcopy to me and | made an online copy

before conducting the analysis.

The authentic teacher-made exams were subjected to document analysis (Patton,
2002) to identify teacher-made examination items into 5 major themes. So,
document analysis on the examination items was yielded into 5 major themes: 1)
Item type, 2) Learning unit of the Turkish Middle School Mathematics
Curriculum (MoNE, 2018), 3) Learning outcomes from the curriculum (MoNE,
2018), 4) The Revised Bloom’s Taxonomy (Bloom et al., 1956; Anderson &
Krathwohl, 2001); 4.1.) Level of Knowledge and 4.2) Cognitive Process
Dimension, 5) the Trends in International Mathematics and Science Study

[TIMSS] Cognitive Domain and subdomains.

Each item (N = 380) was listed into a codebook in Word.docx document and

became ready for the document analysis process (see Table 3.6 below for
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codebook). The mathematics learning outcomes in the MoNE mathematics
curriculum were represented as M.5.1.1.2, for instance, in which M

[mathematics curriculum]. 5 [5™ grade]. 1 [1st unit]. 1[subunit]. 2[rank of the

learning outcome].
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Table 3. 6. Codebook and Analysis Process for Each Examination Item

Item Number Item Learning Mathematics Learning Revised Bloom’s Taxonomy TIMSS Framework
Type  Unit Outcomes in the Curriculum Knowledge Cognitive Cognitive
Dimension Process Dimension
Dimension

36) OE M.5.1 M.5.1.1.2 Factual Remember Knowing Recall
Numbers Students will be able to specify

Write down the place And the divisions and digits of up to

value of the underlined Operations nine-digit natural numbers and

numbers below. the value of the digits.

A) 7958 704:

B) 30582315:

37 OE M.5.1 M.5.1.1.3 Conceptual Understand Knowing Classify
Numbers Students will be able to form

Write the first 4 steps of And the required steps of the

the pattern of numbers Operations number and figure patterns

starting from 6 and adding given the rule.

7.

38) OE M.5.1 M.5.1.2.12. Procedural Apply Knowing Compute
Numbers Students will be able to solve

Cigdem and Gozde have a And problems involving  four

total of 600 lira. Since Operations  operations.

Cigdem's money is twice

of Gézde’s money, how

many lira does Gozde

have?

39) OE M.5.1 M.5.1.2.1 Procedural Apply Knowing Compute
Numbers Students will be able to add up

43 781 +51217=_2 And to five-digit natural numbers.
QOperations
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The items before and after policy change were examined, the findings showed
the teachers in School 1 shared 31 items related with pre-change and 86 items
related with after change. The teachers in School 2 shared any item related with
pre-change whereas 87 items related with after change. The teachers in School 3
shared any item related with pre-change, however, they shared 45 items related
with after change. The teachers in School 4 shared 38 items related with pre-
change and 79 items related with after change. The teacher in School 5 shared
only 14 items related to after the policy change. All in all, 69 items shared by the
teachers were related with prior policy change whereas 311 items were related
after the policy change (see Figure 3.12).

SCHOOL 1 SCHOOL 2 SCHOOL 3 SCHOOL 4 SCHOOL 5
Pre Change After Change

Figure 3. 12. Bar Graph of Items by Pre and After Policy Change

b. Data collection procedures of quantitative survey: Investigation of
teachers’ teaching method and measurement-evaluation strategy

preferences

Upon granting the permissions by the Human Subjects Ethics Committee at the
university (see Appendix E) and subsequently by Provincial Directorate of
National Education in Istanbul (see Appendix H), the process for piloting began
with the first meeting with the school managers. The volunteer participants for
the pilot were approached and an interview schedule was arranged with them.
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By way of explanation, authentic teacher-made mathematics examination items
have been analyzed and interpreted. After this stage, | contacted the mathematics
teachers from selected participant schools in Sariyer district. Within the
framework of an Interview Protocol, face to face meetings were started. The
semi-structured interview protocol was prepared by me and checked by my
advisor in terms of the aim of the current research, scope of research questions,
and validity. The interviews have been conducted with the teachers outside the
school hours, when there were no obstacles, and high motivation took place in
the interview environment. 14 teachers were interviewed in total. In the process,
3 of them (from a public school) explained that they did not have enough time
for individual interviews. So, they were asked to conduct focus group interviews.
Unfortunately, when I arrived at the school, they said that they would like to give
their answers in a written form, not verbally. The interviews of the teachers
who gave permission to be recorded were transcribed. A codebook was prepared
on the responses of the teachers who completed the Interview Protocol (see
Appendix L). Because acodebook summarizes key information about the
variables in a research project (Creswell, 2012). Encodings of the transcripts

were completed through a codebook.

Writing the items for TMMESP-Questionnaire. The TMMESP-Q has totally
consisted of 35 items, which were rated on a 5-point Likert Type scale from
“strongly agree” to “strongly disagree” for first part in TM and “always” to
“never” for second part in MES. The sample items for TM were “I have noticed
the decrease in the number of learning outcomes" [item 3], “I prefer using group
teaching methods (e.g. cooperative learning, think-pair-share etc.)” [item 10],
and “I prefer using the constructivist approach techniques when teaching (e.g.
research, interpret and analyze information, improve the thinking process etc.)”
[item 15]. The sample items for MES were “I prepare examinations that include
a mixture of multiple-choice and short-answer items" [item 5], “I choose item
types that appear in international examinations (such as PISA, TIMSS) to enable
students to use their high-level cognitive skills (e.g. metacognition, awareness of

thought)” [item 13], “I determine the number of in-class examinations to be
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administered together with the students" [item 15]. The questionnaire contains 20
items in the TM section and 15 items in the MES section of the TMMESP-Q and
ratings on each item were requested on a 5-point Likert type scale (1= strongly
disagree, 5=strongly agree in TM; 1= never, 5=always in MES). The highest
score obtained from the scale would be 175 while the lowest score would be 35.

The items and the variable names are presented in Table 3.7 below.

Table 3. 7. Items of TMMESP-Q

Variable Description of the variable Adaptations from the

name literature
Teaching Method Preferences:

1 I think there is no change in the purpose (Ornstein & Hunkins, 2004)
of the curriculum.

2 I think there is no change in the (Ornstein & Hunkins, 2004;
philosophy of the curriculum. Ozmon & Craver, 2008)

3 I have noticed the decrease in the number (Ornstein & Hunkins, 2004)
of learning outcomes.

4 I think the content of the subject has (Oliva, 2009; Ornstein &
been enriched. Hunkins, 2004)

5 Using  concrete  materials  (e.g., (Baroody, 2017)
mathematical objects) during classroom
teaching helps me a lot.

6 I prefer doing activities that provide (Ozmantar, Bingolbali,
opportunities for student creativity. Demir, Saglam & Keser,

2009)

7 I think there is no change in the content (Yiksel, 2000)
of the Mathematics resource books of the
Ministry of National Education.

8 I prefer using the teacher's handbook. (Demirel, 1992; 2012)

9 I change my in-class teaching method to (Phillipson, Riel & Leger,
make my students active. 2018)

10 I prefer using group teaching methods (Mayer & Alexander, 2011)
(e.g., cooperative learning, think-pair-
share etc.).

11 I design lessons that enable my students (Bruner, 1961, 1996;
to learn by exploring mathematics Abrahamson & Kapur, 2018)
effectively.

12 I only use direct instruction. (Moore, 1986; Westerhof,

1992)

13 Before the lesson, I check the students’ (Ozer & Amil, 2011)
readiness.

14 I try to use educational technologies (Bos, 2009)

when teaching in-class.
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Table 3.7. (continued)

Variable Description of the variable Adaptations from the

name literature

15 I prefer using the constructivist approach  (Von Glasersfeld, 1995).
techniques when teaching (e.g. research,
interpret  and  analyze information,
improve the thinking process etc.).

16 I feel the need to use different (Michaels, Connor, Hall, &
questioning techniques (e.g. Why? How? Resnick, 2010)
etc.)

17 I give examples from daily life while (Kitchen, 2016; NCTM, 2014)
teaching a topic.

18 I prefer designing a learning environment (Von Glasersfeld, 1995)
that makes students think about the topic
they work on.

19 I use instructional techniques that require (Mayer & Alexander, 2011)
students to take responsibility for their
learning (e.g. demonstration, question-
answer, brainstorming, discussion).

20 I encourage students to do research. (Bruner, 1961; Clabaugh,

2010)
Measurement and Evaluation Strategy
Preferences:

1 I make changes in the measurement and (Alkharusi, Kazem & Al-
evaluation process compared to the Musawai, 2011)
previous implementations.

2 I administer examinations based on
downloaded online sources (e.g. forums,
websites etc.).

3 I use measurement tools that include (Kanath, 2008)
multiple-choice items

4 I use formative assessment to measure (DelLuca, Valiquette, Coombs,
course learning outcomes. LaPointe-McEwan &

Luhanga, 2006; Marzano,
2006)

5 I prepare examinations that include a (Cakan, 2004; Kilmen &
mixture of multiple-choice and short- Cikrikgi-Demirtagli, 2009)
answer items.

6 I ask problem-solving items related to (Shepard et al., 2005)
real life problems.

7 I use portfolio that will enable the (Barootchi & Keshavarz,
students to show their performances at 2002; Ozbagi, 2008)
the end of the term.

8 L apply quizzes. (Cakan, 2004)

9 I use open-ended items in my in-class (Birgili, 2014)
examinations.

10 I use the question-answer technique in (Ozbag1, 2008).
my teaching.

11 I give students choice to choose which (Gelbal & Kelecioglu, 2001;

item types they want to be included in
their examinations.
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Table 3.7. (continued)

Variable Description of the variable Adaptations from the
name literature
12 I prefer item types that require students (Reiser, 2004)
to use procedural skills in the
examinations.
13 I choose item types that appear in (Kilmen & Cikrikgi-

international examinations (such as Demirtagli, 2009)
PISA, TIMSS) to enable students to use
their high-level cognitive skills (e.g.
metacognition, awareness of thought).
14 I use open-ended and multiple-choice (Ozbas1, 2008)
items  together in my in-class
examinations.
15 I determine the number of in-class (Acar-Erdol & Yildizli, 2018)
examinations to be administered together
with the students.

The questionnaire was based on two parts which measure mathematics teacher’s
preferences on TM and MES respectively. The writing the items for TMMESP-
Q theoretically grounded in the literature and the inferences from the pilot
interviews according to cultural specific context. It was developed based on
expert opinion and then the literature was used for dimensioning. The translation
of Turkish version of the TMMESP-Q items were depicted in Appendix M

whilst its translation process was tabulated in Appendix N.

c. Data collection procedures of multimodal phase: Neuroeducation

Data collection procedures of neuroeducation process related to Phase 3:
Reflection of students’ metacognition and affective processes to different types
of questions and Phase 4: Evaluation of students' reactions and responses to
different types of questions with the use of eye-tracker and biometric sensors are

explained in the following statements are discussed in this part.

In order to investigate research questions “How do middle school students reflect

their metacognitive skills (cognitive strategy and self-checking) and affective

process (effort and worry) levels of their responses to different item types? and

“What are students' reactions and responses to different types of questions with
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respect to the requirement (active use) of different cognitive strategies with the
use of eye-tracker and biometric sensors including galvanic skin response (GSR)
and heart rate (HR)?” | collaborated with an assistant professor (her co-advisor)
at the Brain Dynamics Laboratory in the university during the long Covid-19
pandemic period. After the pilot preparation phase, 10 mathematics items were
prepared and selected for fifth grade students similar to TIMSS, PISA, MoNE
national examinations, and mathematics teachers’ in-class authentic
examinations. This question pool was divided into 2 groups as multiple-choice
and open-ended items. After expert opinion of the departments of ME, CI and
MFE, the Think Aloud Process protocol was designed. Nevertheless, due to
Covid-19 conditions, permission was obtained with delay by MoNE. | had to
wait around 6 months for the permission. The laboratory environment was
specially prepared for the students’ well-being. 32 5" grade students were invited
with their families and sometimes transported with a special school bus. They
voluntarily participated in the experimental process, evaluated for their
performance in which metacognitive and affective process measurements were
conducted in the laboratory that lasted for around 40 minutes. These studies
lasted 2 months (from January 27, 2021 to March 26, 2021). While the students
were responding to the items, a thinking-aloud process was carried out. In-depth
analysis reports were written for about 4 months, as there were different
biometric tools, interviews, and detailed data from my field notes. A co-coder
was also used to enable the intercoder reliability of the analysis. Each data
analysis process, exchange of ideas and expert opinions were held with the
advisor and the co-advisor. The data were analyzed holistically and the results

were written.

Interrater Agreement of Phase 3 and 4. | studied with a co-coder in the analysis
process of fifth grade students’ metacognitive skills and affective responses
revealed from several tools such as a thinking-aloud process and eye-tracker and
biometric sensors. The co-coder is an expert (senior year) from the department of

psychology.
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The co-coder and | coded each transcription from the Think Aloud process
protocol individually, one by one, into the codebook excel.xlIs google drive
worksheet. The meaning of each code was prepared into a codebook for
Neuroeducation Process (see. Appendix S). This was called a data aggregation
process.

As O’Connor and Joffe (2020) asserted, intercoder reliability of a coding
framework in qualitative analysis should be evaluated to yield for
trustworthiness of the analysis process. It is highly recommended as “a good
practice” for education and educational research even though some professors
claim that it is an unnecessary step which may act against the nature of the goals
of qualitative analysis. In this study, | as a researcher needed multiple
researchers to interpret highly deep data collected from fifth grade students.
Therefore, in this step a co-coder studied with me in a collaborative manner. |
approached the data, which is a very unique case and strategy in Turkey, to
interpret it in a similar way. | read the data grounded in the Think-Aloud
Protocol for Students one by one and code it into each verbatim. Then, | reread
them again in the iteration of the data analysis process and map each code into a
Data Aggregation Process (an excel google document) and colored each code to
enrich its understandability. The research evidence highlights that using an
expert for inter-coder promotes the transparency of the coding process. | used
several iterations for the inter-coder steps. | hope that it improves the
systematicity, communicability of the process. At least two days a week, we (co-
coder and I) came across and met in a meeting to study data, promote reflexivity
and dialogues between us, and convince each other on disagreements. The

dialogues between co-coders were:
The detail of agreement and disagreement sessions showed me that there were 10

items and each were responded to and answered by 32 students. Totally 1178

codes were revealed (see. Table 3.8 for disagreements between inter-coders).
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Table 3. 8. Disagreements related to Items

Items Sts ID and # of disagreements Total # of disagreements

Ilteml ID8 =1 10
ID12=2
ID16 =2
ID18=5

ltem2 ID10=5 15
ID11=5
ID31=5

ltem3 ID12=4 7
ID28 =3

ltem4 1D13=8 21
ID16 =2
ID18=4
ID24 =7

ltem5 ID6=1 13
ID11=3
ID14 =6
ID21=3

Item6 ID9=1 10
ID15=5
ID19=4

ltem7 ID12=6 12
ID17=1
ID20=2
ID28 =3

Item8 ID15=2 9
ID16=2
ID29=5

ltem9 1D23=1 4
ID32=3

ltem10 1D30=4 4

Note. # = number, Sts = students

In line with the abovementioned disagreement codes, | coded 1178 codes into the
data aggregation process and 10% of them were coded by a co-coder. Finally, we

disagreed on 105 codes. While in the pilot study the intercoder reliability was
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90% from pilot study and research and tool calibration process with young
adults; it was 85% with fifth grade students from the first iteration and 91.09%

from the final analysis.

Item Difficulty Analysis on Students Responses

Item analysis was also conducted to analyze the fifth-grade students’ responses
to mathematics examination items with the intention of evaluating the
examination quality applied in the Brain Dynamics Laboratory. It is a significant
process to maintain testing effectiveness and fairness. In this part, the item
difficulty was computed to the examination items to interpret on whether they
were too easy or too hard. Its index ranges from 0 (the lowest value) to 1.00 (the
highest value). Easy objects are indicated by higher difficulty indices. A question
with an item difficulty level of.75 has been properly answered by 75% of the test
takers. An item with a difficulty level of.35 was correctly answered by 35% of
test takers. The formula below was used to determine the item difficulty.
(Crocker & Algina, 1986).

Difficulty = (# who answered an item correctly / Total # tested ) X 100

When the items were analyzed in terms of difficulty via jMetrik™ psycho-
measurement system (Table 3.9.), the results revealed that Item 1 (Procedural,
Applying) had an item difficulty level of .84; the item answered correctly by
84% of the students. Item 2 (Conceptual, Applying) had an item difficulty level
of .88; the item answered correctly by 88% of the students. Item 3 (Procedural,
Evaluating) had an item difficulty level of .22; the item answered correctly by
22% of the students. Item 4 (Conceptual, Analyzing) had an item difficulty level
of .53; the item answered correctly by 53% of the students. Item 5 (Conceptual,
Applying) had an item difficulty level of .31; the item answered correctly by
31% of the students. Item 6 (Procedural, Applying) had an item difficulty level
of .38; the item answered correctly by 38% of the students. Item 7 (Conceptual,
Analyzing) had an item difficulty level of .25; the item answered correctly by

25% of the students. Item 8 (Factual, Applying) had an item difficulty level of
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.59; the item answered correctly by 59% of the students. Item 9 (Procedural,
Applying) had an item difficulty level of .78; the item answered correctly by
78% of the students. Item 10 (Procedural, Applying) had an item difficulty level
of .75; the item answered correctly by 75% of the students. According to this
item difficulty analysis, a criterion of less than .30, between .40 and .60, more
than .80 (McCowan & McCowan, 1999), the item 1 as having .84, item 2 as
having .88 item difficulty was found to be easy. Item 9 as having .78 and item 10
as having .75 item difficulty was found to be relatively easy. Moreover, item 4
having .53 and item 8 as having .59 item difficulty was found to be normal, not
too difficult. On the other hand, item 5 as having .31 and item 6 as having .39
item difficulty was found to be nearly difficulty whereas item 3 as having .23

and item 7 as having .25 was found to be very difficult items.

Furthermore, the correlation between items were additionally examined to see
the association between them. Bivariate point-biserial correlation was conducted
and the findings indicated that item 1 was correlated with item 2 (r = .36) which
was a positive medium association, with item 10 (r = .75) which was a positive
strong association. Item 2 was correlated with item 8 (r = .40) which was a
positive medium association. Item 3 was correlated with item 10 (r = -.39) which
was a negative medium association. Item 6 was correlated with item 10 (r = .45)
which was a positive moderate association. Item 7 was correlated with item 8 (r

= .54) which was a positive large association.

The items can be interpreted in terms of item discrimination that item 1 is a good
item, item 2 is a good item, item 3 is a poor item, item 4 is a good item, item 5
is a good item, item 6 is a fair item, item 7 is a good item, item 8 is a good item,
item 9 is a fair item, item 10 is a good item as in line with the indexes of “good”
if the index is above .30; “fair” if it is between .10 and.30; and “poor” if it is

below .10 (Nunnally, 1967).
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Table 3. 9. Statistics for Item Difficulty and Item Discrimination Index

Items Item Difficulty Item Discrimination
Easy, Medium, Hard Good, Fair, Poor

Item 1 0.8438 0.4874
Item 2 0.8750 0.3435
Item 3 0.2188 -0.0615
Item 4 0.5313 0.4299
Item 5 0.3125 0.3229
Item 6 0.3750 0.2902
Item 7 0.2500 0.4167
Item 8 0.5312 0.4668
Item 9 0.7813 0.1021
Item 10 0.7500 0.4782

The item difficulty was measured as Easy, Medium and Hard; and item
discrimination was measured as Good, Fair and Poor. For instance, item 3 was
found to be difficult when item 2 was easy. On the other hand, while item 2 was
a good item, item 3 was poor to have an ability of differentiating among students

on the basis of how well they know the items being tested.

The test statistics for ten examination items prepared for fifth grade students

reliability results were given in Table 3.10.

Table 3. 10. Test Statistics for Ten Items prepared for Fifth Grade Students

Test Level M SD Median  Skewness Kurtosis KR21
Statistics
Items 5.47 2.16 6.00 -0.22 -0.36 0.52

The test level statistics showed that the mean of students over ten items was 5.47
with standard deviation of 2.16. The reliability of the test measured with binary
variables by Kuder—Richardson 21 (KR-21) obtained 0.52. Having rely on
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approximate inter-item consistency, 0.52 indicated moderate relationship

between the items.

3.3.6. Data analysis

This part included the data analysis process according to each research questions.

a. Data analysis of document analysis: Examination of authentic teacher-

made items

The data collected at the initial stage of the study were analyzed qualitatively.
The 380 authentic teacher-made mathematics examination items were examined
to scrutinize the extent of the recently enacted mathematics curriculum [for
2017-2018 education semesters] compatible with the proposed assessment
procedures within the curriculum to prepare middle-school students for the

learning outcomes. Hence, the items were subject to document analysis.

Document analysis on the 380 mathematics examination items were categorized
by following the stages; 1) item types (fill in the blanks, true/false, multiple
choice, open-ended (constructed OE)), 2) learning unit in the intended
mathematics curriculum (i.e., M5.1. Numbers and Operations, M 5.2. Geometry
and Measurement), 3) learning outcomes in the intended mathematics curriculum
(i.e., M.5.1.2.11. Students will be able to find the result of parentheses that
contain up to two types of operations.), 4) The Revised Bloom’s Taxonomy was
used to classify the items in terms of knowledge dimension (Factual Knowledge,
Conceptual Knowledge, Procedural Knowledge, and Metacognitive Knowledge)
and cognitive process dimension (Remember, Understand, Apply, Analyze,
Evaluate, and Create), 5) the Trends in International Mathematics and Science
Study [TIMSS] Assessment Framework Cognitive Domain (Knowing, Applying,
Reasoning) and 6) TIMSS Cognitive Domain subcategories (i.e., Knowing:
Recall, Compute; Applying: Determine, Represent/Model; Reasoning: Analyze,

Draw Conclusions, Justify). After coding each item one by one in a codebook
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(see Table 3.8 above), each code was moved to a spreadsheet to be subject to
descriptive analysis. Further, the frequencies and percentages were calculated
using IBM Statistical Package for Social Sciences 26.0 for Mac (SPSS, 2012) to

describe the main features of the data.

Following the theoretical frameworks of the Revised Bloom’s Taxonomy and
TIMSS Framework taxonomies, the experts independently coded each item in a
blank codebook. After that, the expert and | set a meeting face to face and
performed a reliability check of the classification. Interrater agreement process

was based on Miles and Huberman‘s (1994) formula: Reliability =

Consensus

. . The first expert and | discussed each item and their
Consensus+ Disagreement

coding. When they disagreed, they discussed the reason and returned to the
framework to reread the categories and examples. There were 17 categorized
cells in which there was a disagreement. The disagreement related with the
Revised Bloom’s Taxonomy (n = 12) was due to the level of knowledge (n = 3)
and cognitive process dimension (n = 9). For instance, in a geometry question,
the item was asked to select true features from an obtuse-angled triangle while
the expert was coding it as “factual”, | coded it as “conceptual.” Besides, on the
question which asked the 10th step of a given pattern (M.5.1.1.3. Students will
be able to find/create the desired steps of the given rule of number and shape
patterns), the expert coded this learning outcome as “analyzing” while | coded as
“applying.” Moreover, the disagreement related to the coding of items in terms
of TIMSS framework (n = 5) was due to the unrelated function between the
operational description of Applying from Revised Bloom’s Taxonomy and
Applying category from TIMSS Framework because from the definition,
Applying category from TIMSS Framework also included compute or
computational application skills such that Knowing from TIMSS Framework was
interrelated with of Applying from Revised Bloom’s Taxonomy. The TIMSS
Framework categories were found to measure higher-level skills in nature.
Hence, Miles and Huberman’s (1994) reliability was calculated as .80 between

the first expert and | at the end.
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The second expert and | also discussed each item and their coding. When we
disagreed, we discussed the reason and returned to the framework to reread the
categories and examples. There were 14 categorized cells in which there was a
disagreement. The disagreement related with the Revised Bloom’s Taxonomy (n
= 10) was due to the level of knowledge (n = 4) and cognitive process dimension
(n = 6). For example, in the numbers and operations learning unit, an item was
asked to determine the ninth digit number from given premises in the item stem.
The second expert coded this item as “factual” but | coded it as “procedural”
(M.5.1.1.2. Students will be able to indicate the divisions, digits and digit values
of natural numbers up to nine digits). Also, the question asked to find an
irrelevant decimal representation from given fractions and their decimal
representations (M.5.1.6.3. Students will be able to compare multiples of
fractions specified by decimal and percent representations) was coded as
“applying” by the expert when | coded it as “understanding”. Moreover, the
disagreement related to the coding of items in terms of TIMSS framework (n =
4) was due to similarly the unrelated function between the operational
description of Applying from Revised Bloom’s Taxonomy and Applying category
from TIMSS Framework. The disagreement between the second expert and | was
in the “Knowing” and “Applying” category as stated by the first expert. For
instance, Knowing  category  consists of recalling, recognizing,
classifying/ordering, computing (i.e., carrying out algorithmic procedures for + -
* . or a combination with whole numbers, fractions, decimals, and integers.
carrying out basic algebraic procedures), retrieving (retrieving information from
graphs, tables, text or other sources), measuring whereas Applying consists of
determining, representing/modeling, implementing (i.e., implementing strategies
and operations to solve problems relating familiar mathematical concepts and
procedures). Hence, Miles and Huberman’s (1994) reliability was calculated as

.84 between the second expert and | at the end.

In addition, | showed the learning outcomes to the mathematics teachers who
volunteered to participate in the study after aligning them with the items and

received their approval or feedback as the first practitioners in this process.
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Finally, I analyzed 380 examination items through 3 iterations. The first was
after reading the theory of taxonomy and framework. The second was after
reading additional resources and specimen items. Thirdly, after working with
two experts (first an associate professor and the second a doctoral candidate) and
reaching an agreement on the categories of items. | checked my own previous
analysis for the last time and finalized the items after the third iteration. Table
3.11, Table 3.12 and Table 3.13 shows how sample items analyzed according to

dimensions.

Table 3. 11. Sample Items from the Revised Bloom’s Taxonomy Knowledge
Dimension

Types Item # (item type)

Item 19 (Fill in the blanks):
Write the natural numbers of which pronunciation is

Factual Knowledge given below in the numerical form.
*ninety-eight million two hundred and thirty-six:
*three hundred twelve million one hundred twenty-
two thousand seventeen:
*seven hundred million six hundred five thousand
three hundred:
*nineteen million twenty-two:
*three hundred six million five hundred ninety
thousand three hundred nine:
Item 46 (OE):
Table: Number of seats and prices by firms

Conceptual Knowledge Firm A Firm B
Number of 32 45
Seats
Ticket Price: 25 18
(Lira)

According to the table above, if companies A and B
organize a full voyage, which bus company will have
more income?

Item 269 (MC):

The first four steps of a shape pattern are given
below.
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Table 3.11. (continued)

Types

Ttem # (item type)

Procedural Knowledge

Metacognitive Knowledge

1" pattem 29 pattem Tpattern 4% pattern

Let's find the number of circles in step 5 of this
pattern.

Ttem 378 (OE):

3M+0- 1
A1+ -2

59+¢9-£3

Determine what mathematical operation Mete used
by examining the solution path.
The mathematical operation used by Mete:

Solve this operation with your own strategy:

The mathematics examination items collected from the mathematics teaches in

this study were examined related to not only knowledge dimension of the

Revised Bloom’s Taxonomy but also its cognitive process dimension.
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Table 3. 12. Sample Items From the Revised Bloom’s Taxonomy Cognitive
Process Dimension

Categories Item # (item type)
Item 57 (MC):
How do you write the expression “7 squared” in an exponential way?
Remember A) 7 B)7? C)2° D)3?
Item 264 (MC):
Which of the following is the natural number that is resolved as an 3x100
Understand 000 + 9x1000 + 1x100 + 2x10?
A) 390201
B) 309012
C) 390102
D) 309120
Item 276 (MC):
Apply
A taximeter landing fee is 4 TL, and 3 TL is added to the landing fee for
each next kilometer.
According to this, how much TL should Eymen, who travels 22 km, pay
for this taxi?
A) 26 B)34 C)55 D)70
Item 373 (OE):
Analyze What values can the short side length take for a rectangular garden of
which all side lengths are in cm and its area is 90 cm??
Evaluate Item 371 (OE):
Please look at the example in part a and do the other operations related to
it.
a) 257x9=2313 257 x10=2570
2570 - 2313 = 257
b) 85x99= 85 x 100 =
c) 42x10= 42x11=
*Examine the multiplication and subtraction you have done above. How
can you relate the result of the subtraction to the factors in multiplication?
Create Not Applicable
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Supplementary to the Revised Bloom Taxonomy, the authentic teacher-made
examination items were further inspected related to TIMSS Framework as an

international well-accepted categories.

Table 3. 13. Sample Items from the TIMSS Framework Categories

Categories Item # (item type)
Item 323 (MC):
In the grid below, [AB] is given.

A
Knowing:
Recognize
B

So which of the following line segments is equivalent to
[AB]?

3=
" pageds
R
R
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Table 3.13. (continued)

Categories Item # (item type)

Applying: Item 302 (MC):

Determine How many different natural numbers can be written instead
of A to make the order 0f%< :—0 < g correct?

A) 40 B)41 C)42 D)43

Reasoning: Item 368 (OE)
Justify Lydia solved the process of 538 x 96 with the method
shown below.
e IsLydia's solution correct?
e What method did Lydia use? Please explain.

(1 2 \
538 538
x 96 x 96
48 48
180 180
3000 3000
720
2700
, 45000

51648 /

L

b. Data analysis of quantitative survey: Investigation of teachers’
teaching method and measurement-evaluation strategy preferences

The data obtained after the survey phase was first checked (see Appendix O),
and the answers responded by each teacher to the questionnaire were first
transferred to excel.xls and then to the SPSS statistical package program. I,
initially, checked whether there is missing data. | analyzed data descriptively and
I removed outliers by considering the opinions of the consultants. 6 responses
which looked like outliers were discarded from 350 participant groups, and 344
data were stored for analysis. The data were statistically analyzed in terms of
descriptive and inferential aspects following the research questions.

Having analyzed the theoretical structure of the Teaching Methods [TM] and
Measurement-Evaluation Strategy [MES] Preference Questionnaire (TMMESP-
Q) from the in-depth literature review, the items were also checked by my
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advisor and thesis committee members. Items under each dimension were tested
and analyzed by using IBM Statistical Package for Social Sciences (SPSS)

Version 26 for Mac.

c. Data analysis of multimodal phase: Neuroeducation

Pilot Study. Multimodal Phase: Neuroeducation. At the beginning of the
Neuroeducation study, | stated above that I primarily studied and researched on
young adults (i.e. university students). | observed how the multiple-choice and
open-ended items to be asked in the pilot of this study work, whether they are
understood correctly and where | should pay attention during experiment. |
realized unclear questions. For example, in Item 7, they were asked to draw the
whole of a figure whose fraction of some piece was given into the shaded area.
Young adults were not ready either, as they did not encounter such questions in
their middle school and high school years. They hardly ever responded. The
visual figure has been redrawn in this item. The expressions in the question roots
of some items were corrected grammatically. A pedagogue was also invited into
the session. | discussed how and what to pay attention to while experimenting
and observing the students. In addition, while | was working with young adults,
the pedagogue observed me and gave feedback on how | had behaved, how I had
asked questions, my mimics and my approach to the adult participants. While
working with young adults, I had the opportunity to observe their reactions to the
items. The most important point that distinguishes young adults from middle
school students was that young adults were able to use less metacognitive
subskills and could not reflect their inner speech as well as students. In
particular, they were unable to use their re-expression subskills. They had little
self-awareness about it. They were more comfortable with multiple-choice items
since they were a group of young adults who had educated through approach
which asked them to answer multiple-choice items. Usually, their inclination was
to reach a solution in one way, but they did not go back and check their
responses. Thinking processes were not as flexible as students. Besides, they

were able to express their affective processes as they were.
136



Main Study. Multimodal Phase: Neuroeducation. In this part of the study, |
explained 1) how I introduced into a neuroeducation process and then elaborated
2) introduction to the pilot study, 3) preparation for the main study and the
process, 4) data collation process from the think aloud protocol and cognitive-
affective measurement tools, 5) data aggregation process, and 6) finalization

process. (see the summary of neuroeducation process in Figure 3.13.)

Collect Data Make Sense of Data Respond & Engage Teams Analyze & Learn

ThinkAloud Process

Engage with Codes

Wacom Bamboo Tablet

Metacognition skills Categories

Eye-Tracking

‘ O Themes
Measurement of Emaotions it q; Falll

N
GoPro Video Camera T 4 \Q

) 083
‘Webcam Affective Processes

Figure 3. 13. Summary of a Neuroeducation Research Process

Step 1: Introduction to a Neuroeducation Research Process

Neuroeducation is an applied field. It is a developing field that combines
practitioners, such educators, with researchers in the fields of neuroscience,
educational psychology, and educational technology to study the relationships
between learning, development, and dynamic brain processes. (Donoghue &
Horvath, 2022). It addresses the link between brain function and pedagogy. It is
an exciting opportunity to bridge the gap between researchers studying in the
laboratory and educators in the real world. It is an interdisciplinary process that
allows us to determine inferential results from human behaviors, their inner
world, the brain, and even emotional reactions to the teaching and learning

process. It covers both basic and applied research processes.
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The aims of Multimodal Phase: Neuroeducation part of the current study are 1)
to investigate how middle school students reflect their metacognitive skills and
affective process when solving restricted open-ended items and 2) what students'
reactions and responses are to different types of questions with respect to the
requirement (active use) of different cognitive strategies with the use of eye-
tracker and biometric sensors including galvanic skin response (GSR) and heart
rate (HR). Moreover, the sessions were recorded with a 4K camera for
investigating further behavioral analysis. With this aim, this part of the research
study was designed as an interdisciplinary approach and required measuring and
evaluating students' cognitive and metacognitive skills and affective processes.
The process began with a conceptual and contextual study of neuroeducation,
cognitive science, the Think Aloud process, and measurement tools such as eye-
tracking and galvanic skin response tools, etc. Following a literature review of
these topics, the next warm-up phase involved field observations together with a
co-advisor who managed the process. The focus in particular was on the initial
study and literature review on the use of cognitive and affective tools and
programs, sometimes met with the co-advisor, in the Brain Dynamics Laboratory
at the university, where the main experimental study was carried out. During
weekly meetings, we designed the research process in conjunction with the

experimental processes.

In order to become accustomed to this new area and not to feel like a fish out of
water, | spent three months reading around the subject to familiarize myself with
the environment, subject content, and goals. The biggest tool for me to adapt to
the experimental environment was that my co-advisor had my personnel i.d. card
entered into the system so | could enter and exit the room. This allowed me to
get used to the laboratory, which | had not yet had the opportunity to use. |
experimented with the tools and learned to use them without apprehension, even
solving problems where they arose. As | got used to the environment, | began
adjusting the layout for pilot studies. | learned from scientific articles on current
research the importance of calibrating instruments. | became so used to being

there, | even carried out departmental work from the laboratory at times. |
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believe that adapting to and familiarizing oneself with the environment is an
important start to the research process, thus taking precautions to avoid threats to
internal validity for the scientific research process (e.g., location,

instrumentation: see Fraenkel et al., 2014 p.167 for more discussion).

Step 2: Introduction to the Pilot Study of Neuroeducation

Educational neuroscience as an applied field constituted the 3 and 4™ phases of
this study. The pilot study was conducted with 14 young adults before starting
the main part of the study. 14 young adults consisted of those from different
departments of the university (e.g., the department of education, law,
psychology) who volunteered to participate in. Four of them were male and ten
of them were female. Their Grand Point Average (GPD) in the university was
between 3.10 and 4.00 over 4.00. | learned a lot about the research environment,
the multimodal tools to be used, the software embedded in the tools, calibration
process before the application and what problems | might encounter in the pilot

study.

I work as a research assistant in the department of mathematics and science
education, MEF University, Istanbul, Turkey. As owner of the study, at every
step, | exchanged ideas with my co-advisor, and we mutually agreed to proceed
to perform initial experiments. The most critical stage was the pilot study and
learned that the first pilot study should be carried out with young adults. For this
purpose, while I was reading current literature, 1 worked on adjusting and
calibrating the environment for young adults, how to solve any problems that
might arise, and carried out weekly laboratory practices in the Brain Dynamics
Laboratory. The first subject for the pilot was my co-advisor. As a researcher, |
studied and performed how | should begin the research process, the initial
preparation, how to introduce the research participants to the lab environment
and the study itself, how long the process would take, how many items and on
what subject would be asked, and how | would convey any further required

instructions to the participants.
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What held the research process up the most was the ethics committee approval
that 1 had to obtain from the MoNE in Istanbul, Turkey. After four separate
applications to the MONE ethics committee, the Middle East Technical
University ethics committee document was approved on March 16, 2020. |
immediately sent the ethics committee documents to the MoNE. However, my
documents were returned due to the excessive number of mathematics items that
were intended to be asked to the fifth grade students in the experimental process,
as well as an undefined inability to fully understand a part of the study, and also,
due to the request to publicly share the students’ and their parents’ personal
information, and some other items in the MoNE Ethics Committee application
file. 1 adjusted the requested items and reposted the forms to the MoNE.
However, when | received similar responses two more times during the Covid-19
pandemic, | wrote an official letter to the MoNE explaining my reasons with
reference to the relevant policy articles and issue numbers, as the participants’
private information requested by the ethics committee cannot be shared. Finally,
the ethics committee approved my application (see Appendix J). Unfortunately,
this excessive period of waiting delayed my thesis plans by nine months as | was
unable to communicate with the school administrators and teachers without the
ethics committee’s permission. When my application was approved, I began
preparations for the pilot study. Fifteen young adults from different departments
voluntarily participated in the pilot study. The students differed in terms of
gender and departmental distribution.

The most surprising observation from the pilot study was that the young adults
were not cognitively as flexible as the middle school students while they were
solving the mathematics items and their answers to some of the items (prepared
for 5™ graders) incorrectly. They listened to the instructions | had given before
the pilot study began and followed them up to the final item. | realized that the
most important reason for carrying out initial experiments with adults is for the
novice researcher to adapt and get used to the research process. Studying with
both young adult and younger students helped me to make comparative analyses

of answers to the items during the transition period. The adult participants
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generally tended to solve mathematics items using methods they had learned
from their previous teachers. They tended to use metacognitive skills less than
younger students in their Think Aloud processes. While they used some
cognitive skills at a moderate level, they were more hesitant to grasp, make sense
of, and use their self-control skills. The pilot study period lasted for one month
between 11.01.2020 and 11.02.2020).

Step 3: Preparation for the Main Study of Neuroeducation and the Process

Following the pilot study, the Think Aloud process, asking questions, observing
students’ behaviors and taking field notes, answering their questions, calibrating
and using the laboratory tools, and once the MoNE ethics committee had been
obtained, four students voluntarily participated in the study. | studied and
practiced 40-minute processes and problem-solving in case of unexpected
problems. At this stage, | tried to gain access to 5" grade students and their
parents in private and public middle schools in Istanbul using the snowball
sampling method. First, | sent an e-mail to the schools containing the METU and
MoNE ethics committee documents, a short text providing information, an
advertisement comprising a research poster, and a copy of the consent forms.
One-to-one contact was also made with the schools that voluntarily offered to
support the study. Those who requested additional information did not hesitate to

contact me and | answered their questions.

In order to investigate RQ3 and RQ4 (see page 36 for details), | collaborated
with my co-advisor at the Brain Dynamics Laboratory during the Covid-19
pandemic. After the pilot preparation phase, 10 mathematics items similar to
TIMSS, PISA, and MoNE national examinations and authentic mathematics
teachers’ in-class examinations were prepared and selected for fifth grade
students. This item pool was divided into two groups: multiple-choice and open-
ended items. After consulting expert opinion from the departments of
Measurement and Evaluation (ME), Curriculum and Instruction (CI), and

Mathematics and Science Education (MSE), the Think Aloud Process protocol
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was designed. However, due to Covid-19 conditions, permission from MoNE
was again delayed and | had to wait almost another six months. The laboratory
environment was specially prepared for the students’ well-being. Thirty-two 5%
grade students were invited with their families and sometimes transported by
private school bus. They voluntarily participated in the experimental process,
and their performance measured with metacognitive and affective processes
conducted in the laboratory and lasting for around 40 minutes were evaluated.
These studies lasted two months from January 27, 2021 to March 26, 2021.
While the students responded to the items, a think-aloud process was carried out.
Over four months, in-depth analysis reports were written incorporating different
biometric tools, interviews, and detailed data from my field notes. A co-coder
was also used to ensure intercoder reliability of the analysis. Each data analysis
process, exchange of ideas, and expert opinions were recorded by the advisor
and co-advisor. The data was analyzed holistically and results were obtained.

Step 4: Data Collection Process from the Think Aloud Protocol and
Cognitive-Affective Measurement Tools

The audio recordings of the students who used the think-aloud process were
transcribed verbatim. Individual files were opened for each student in Google
Drive where data from the eye-tracking system, audio recordings, and GSR
Empatica 4 emotional measurements were stored. It took one hour to save the
data unit for each individual at this stage. In addition, each data unit was checked

by the co-coder in order to avoid any mistake.

The first thing | did at this stage was to prepare a template with my co-advisor
for analyzing the data. It was not easy to record the data from each data unit in
the template. The steps used while analyzing the titles and data in the attached
template and carrying out the mixed method analysis (i.e., qualitative and
quantitative) are listed below (Table 3.14 and Table 3.15)
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Table 3. 14. Thinkaloud Process Protocol Analysis for an OE item

An Open-ended Item

Soru 2.

Qdanin bir kdsesine sekildeki gibi kutular konmustur. Her kutu aym
biiyiikliiktedir. Odanin kosesinde kag tane kutu vardir?

n

4.

5.

Dogru Cevap: 18
Ogrenci Cevabr: (Dogru ise 1 puan, Yanlis ise O puan)

Zorlanma seviyesi: (1/2/3)
Bilissel strateji ve 6z kontrol becerilerini nasil kullanmig?
a. Bilissel strateji davranisi vs eye-tracking sistemi verisi
b. Oz-kontrol davranisi vs eye-tracking sistemi verisi
Sorulara kag¢ kere doniis yapt1? Ka¢ kere odaklandi? Doniip doniip bakma ve ¢dozme
davranisi var m1?
Cozlim yolu

* Eylemleri ile soylemleri bu soruda benzer mi?

Duygular:

EDA verileri gorseli

BVP verileri gorseli

Goz ilgi Alam [Area of Interest]:

Soru iizerinde bireysel gegirdigi zaman [Time on task]: soruya basladigi dk ve bana doniip
konustugu dk (...... arasi)

Accordingly, the thinkaloud process protocol analysis for multiple-choice items

were exemplified in the following Table 3.15.
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Table 3. 15. Thinkaloud Process Protocol Analysis for a MC item

A Multiple-choice Item

Soru 3. Milzik §ehri MP3 Aksesuarian |

Oya hesap makinesi ile MP3 galar, kulaklik ve hoparlériin fivatini toplammstir. Elde ettifi sonug 248°dir.

Oya’min yanit: yanligtir. Oya agagidaki hatalardan birini yapmugtir. Oya’nin yapti1 hata
agagidakilerden hangisidir?

A) Fiyatlardan birini iki kere toplamistir.

B) Ug fiyattan birini cklemeyi unutmustur,

C) Fiyatlardan birinin son basamagindaki rakami yazmamistir.
D) Fiyatlardan birini toplamak verine cikarmustir,

1. Dogru Cevap: C
Ogrenci Cevabi: (Dogru ise 1 puan, Yanlis ise 0 puan)

N

Zorlanma seviyesi: (1/2/3)
3. Bilissel strateji ve 6z kontrol becerilerini nasil kullanmig?
a. Bilissel strateji davranisi vs eye-tracking sistemi verisi
b. Oz-kontrol davranisi vs eye-tracking sistemi verisi
4. Sorulara kag kere doniis yapt1? Kag kere odaklandi1? Doniip doniip bakma
ve ¢ozme davranigi var mi1?
5. Co6zim yolu
* Eylemleri ile séylemleri bu soruda benzer mi?

Duygular:

EDA verileri gorseli

BVP verileri gorseli

Goz Ilgi Alani [Area of Interest]:

Soru {izerinde bireysel ge¢irdigi zaman [Time on task]: soruya basladigr dk
ve bana doniip konustugu dk (...... arasi)
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Step 5: Data Aggregation Process

Data aggregation is used to support statistical analysis for collated research data
and to summarize the data (Dixon & Cunningham, 2009). The collation,
curation, and presentation of data are the main steps of data aggregation (see.
Figure 3.17). In other words, aggregation of data is the process of compiling
numerical or non-numerical data from various sources and/or on different
measures, variables, or people into data summaries or summary reports, usually
for the purpose of public reporting or statistical analysis. This involves looking at
trends, comparing data points, or revealing information and insights that would
not be apparent if the data elements were viewed separately. While the majority
of an aggregate education dataset is numeric, such as the average amount of
money spent per student in a state, graduate and dropout rates, average
standardized-test scores for a school or district, or the average amount of funding
spent per student in a state, non-numeric data is both available and prevalent, for
example, a poll may be taken of a school district's instructors, students, and
parents opinions on a topic and the results and comments might be "aggregated”
into a report indicating what the surveyed individuals believe and feel about the
problem as a whole. Data aggregation is used to conduct statistical analysis and
provide a summary of collected research data (Dixon & Cunningham, 2009;
Dunstone & Yager, 2009; Leuffen et al., 2013).

In the main study, data of neuroeducation (see. Figure 3.14, Figure 3.15, and
Figure 3.16 for data aggregation) was collected from 32 different 10-year-old 5th
grade children using the think-aloud process. Information was obtained
regarding gender, school district, school size, the number of teachers in the
school, and the number of schools in the region. The aim of the study was to
ascertain the metacognitive subskills and affective processes used by the students
while solving 10 mathematics items. Interviews were transcribed and
physiological data was collected using various devices. Two different templates
were prepared. Interviews were coded individually for each child using these

templates.
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In order to expanding upon data aggregation, | transcribed the responses of the
students to the think-aloud process protocol one by one. | reread each sentence
and each one was coded into which precoded title of metacognitive sub-skill or
affective process it corresponded to in excel.xls. format. For example, if a middle
school student verbally stated that s/he was rereading, “YES”, if he stated that he
did not, “NO”, and even though the student did not give a clear answer even
though we asked the question, it was coded as “NOT APPLICABLE” (a.k.a.
NA). In the think-aloud process, if a student felt a negative affective process
towards any item type and expressed it verbally, before this data was coded as
“YES” in the codebook, its mood was confirmed from the EDA data in the
software recorded by the smart watch. If | determined that the student really felt
worry, this was coded as “YES.” During the think-aloud process, a student was
asked what s/he noticed first at the beginning of a question and where s/he
started solving the item. The student's response was also confirmed by the data
from the eye tracking tool. Since the eye tracking device determines exactly
where the student is looking, if this point of view contradicts the student's verbal
sentence, the point indicated by the eye tracking device was taken as the correct
data and recorded. | also recorded the step-by-step item solution processes via
the Wacom Bamboo Tablet, which held the handwriting of the students, in the
codebook by giving a code to each step. To summarize, | checked accuracy of
the verbally spoken data coming from the students' think-aloud process by cross-
checking the quantitative data held within the software and biometric sensors.
This is how the qualitative and quantitative data were aggregated and coded in
the codebook.
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Figure 3. 14. Collapse, define, and data aggregation

The coding was re-coded into another blank excel.xIs worksheet so that it could
be quantified and analyzed in SPSS version 26 for Mac (see Figure 3.15).

Independent samples T-test, Binomial logistic Regression, Chi-Square analyzes
were used in the SPSS.
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MC 1 1 1 Question rool

OE 1 1 1 Subtraction NA
OE 1 1 1 NA
OF 1 1 1 Si NA
OE 1 1 1 Jumbers,sublraction
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MC 1 1 1:multiplication+addition Shape and boxes NA
MC 0 2 1:multiplication+addition Question rool
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MC 1 2 1:multiplication+addition shape,qroot,counting

MC 1 2 Jialtermali le, changy thinking Quesslion 1vot, lives, 248
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OE 0 2737 2: addition, binary addition Shape, Qrool, numbers
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MC 1 1 2: QRoat, i NA
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NA 3 NA NA
MAY BE 1 NA NA NA
NA 1 NA NA
NA 1 (humb NA
s > 2
NA 3 MAY BE NA
NA 2 (Qroot) NA NA
1 (Qroot) NA
NA 2(Qroot, Shape) NA NA NA
NA  5(Qroot.Shape) NA NA NA
NA 6(4timesQruot) NA NA

NA 2 NA
NA 1 NA
NA 3 NA
NA 4 NA
NA
NA 3 (shape) NA NA
NA 3 (Qroot and sg
NA 3 NA NA NA
na 4 NA NA NA
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7y na
NA 5(2limesunits) NA

Figure 3. 15. Collapse, Define, and Data Aggregation
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Time on Bloom_CognitivePr Metacognitive_ SolutionProc

Participant ~ Gender Task TotalTime School_District  School_N School_Size St N Teacher N Iten_Type Bloom_Knowledge ocess alg Metacog_res  True_False Difficulty_Level EDA ess N CS_Qroot CS_S
ID1_RA 1 1,00 312 1 a4 300 20 45 2 3 3 1 0 1 1 1 1 1 1 2
D4 BMB 1 1,05 1,35 2 50 217 10 13 1 3 3 NA 0 NA 1 1 2 1 1 0
1D2_DY 1 057 1.28 2 50 2717 10 13 1 3 3 NA 0 NA 1 1 1 1 0 1
ID3_ES 1 0,50 149 2 50 277 10 13 1 3 3 1 0 1 1 1 1 1 1 2
ID5_EKK 2 1,00 1,03 3 159 1285 21 62 2 3 3 NA 0 NA 1 1 1 1 4 2
IDB_YEE 2 1,00 1,28 2 50 21 10 13 1 3 3 1 0 1 1 1 NA 1 1 2
1D7_KG 2 2,00 3,01 2 50 21 10 13 2 3 3 1 0 1 1 1 2 1 0 1
ID8_YBC 2 1.00 147 2 50 217 10 13 1 3 3 1 0 1 1 1 2 1 0 1
ID9_EM 2 0.00 1,06 2 50 21 10 13 2 3 3 1 0 1 1 1 1 1 1 2
ID10_ME 2 0.01 1,06 2 50 217 10 13 1 3 3 NA 0 NA 1 1 A 1 0 0
ID11_MGM 1 0,00 2,39 2 50 217 10 13 2 3 3 1 0 1 1 1 1 1 1 2
ID12B8 2 1,00 1,54 2 50 24 2 3 3 1 0 1 1 1 NA 1 1 2
D13 B0 1 1,00 215 1 44 1080 36 58 1 3 3 NA 0 NA 0 1 NA 1 0 0
ID14_AKS 2 0,00 1,21 2 50 24 2 3 3 NA 0 NA 1 1 1 1 0 0
D157 1 1,00 1,39 2 50 21 10 13 1 3 3 1 0 1 1 1 NA 1 0 0
ID16_AS 2 010 1,55 1 44 2 3 3 NA 0 NA 1 1 1 1 1 2
IDI7_NM 1 1,00 147 3 159 566 70 2% 2 3 3 NA 0 NA 1 1 NA 1 1 2
ID18_MK 1 2,00 241 3 159 566 70 2% 1 3 3 1 0 1 1 1 1 1 0 1
D19.YO 1 2,00 248 3 159 566 70 26 2 3 3 A 0 1 1 2 1 1 1 2
1D20_16 1 1.00 138 1 44 1080 36 58 2 3 3 1 0 1 0 1 NA 1 1 2
iD21.UB 2 2,00 4,01 3 159 1377 30 66 1 3 3 1 0 2 0 1 NA 2 1 0
ID22_AK* 1 4,00 6,13 2 50 296 26 20 1 3 3 2 0 3 0 2 1 3 1 0
D23 EG 1 1,00 1,16 1 44 300 20 45 2 3 3 NA 0 NA 1 1 1 1 1 0
D24 VO 2 1,00 232 3 159 566 70 26 1 3 3 1 0 2 1 2 1 1 1 2
ID25_CBY 2 1,00 2,04 3 159 566 70 26 1 3 3 NA 0 NA 1 1 2 1 1 2
ID26_OFY 2 0,00 144 3 159 566 70 26 2 3 3 NA 0 NA i 1 1 1 0 1
1027_y80 2 0.00 0.56 3 159 B56 25 44 2 3 3 NA 0 NA 1 1 1 1 0 1

Figure 3. 16. Data Transformation for Quantitative Analysis
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Step 6: Finalization Process of Neuroeducation

As indicated in aforementioned steps, data aggregation is the process in which
research data is brought together by considering triangulation and compiled in a
summary form. It is typically used prior to the performance of statistical
analysis. To investigate research question 3, “How do middle school students
reflect their metacognitive skills (cognitive strategy and self-checking) and
affective process (effort and worry) levels of their responses to different item
types?, Is there a significant difference between the amount of reflection of
students’ cognitive strategy skill levels on their responses to multiple-choice and
open-ended items?, Is there a significant difference between the levels of
students’ self-checking skill in their responses to multiple-choice and open-
ended items?”, and research question 4, “What are students' reactions and
responses to different types of questions with respect to the requirement (active
use) of different cognitive strategies with the use of eye-tracker and biometric
sensors including galvanic skin response (GSR) and heart rate (HR)?” | obtained
the expert opinion from my advisor and co-advisor in the preparation of each
step and conducted statistical analysis.

| ensured that the data was collated, aggregated, and integrated in a meaningful
way at each stage. | got the expert opinion and feedback from my advisor and
co-advisor during weekly 2-hour meetings. Afterwards, | ran the statistical
analyses by checking the analyses that would seek answers to the research
questions from the core statistics books (e.g., Field, 2013; Tabachnick & Fidell,
2013). As | elaborated on the results of the study, I realized a large percentage of
the data | collected and analyzed in the neuroeducation research process was
categorical, in other words, it had a nominal scale of measurement; Chi-Square
Test for Independence and Binomial Logistic Regression was selected to conduct
an inferential analysis of the neuroeducation data (Tabachnick & Fidell, 2013).
The neuroeducation process begun with think-aloud process and ended with data
aggregation finalization. The whole picture of this story that | was eagerly

involved in came to the light as in Figure 3.17.
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Think Aloud process with 32 5th grade

students and verbatim transcription

¥

Data collection tools used to investigate
students' metacognitive skills and

affective processes

1) Eye-tracking tool (Gazepoint)

2) Emotion measuring device (Empatica E4 Realtime, GSR)

3) Wacom Bamboo Slate Large (CDS-810S) Tablet

4) Problem solution process recording (GoPro Videocamera)

5) Thinkaloud process voice recorder (via Thinkaloud button in Gazepoint and Sony recorder)

6) Face gestures tracking system (a webcam).

Y

Two different templates created

containing 10 math items

v

Templates completed for each student

and coding began

Metacognition skills
1) Cognitive Strategy
2) Self-checking
Affective Processes
1) Worry

2) Effort

Y

Intercoder reliability calculated

"

The codes were recoded for analysis

with SPSS for quantitative analysis

Revised Bloom’s Knowledge Dimension

Revised Bloom’s Cognitive Process Dimension
Metacognitive subskills combined

Affective processes combined Algorithmic &
Researcher-based

Analysis: Organization of Knowledge & Number of
Steps in Looking Back and Forth

Cognitive Strategy

1) Organization of knowledge

2) Re-reading

3) Using more than one strategy

4) Different form of expression/ re-expression
Self-checking

1) Checking answer

2) Process control

3) Finding error

4) Asking questions to stay on track
Worry

1) Performance

2) Confidence Level

3) Type of feeling

Effort

1) Concentration

2) Amount of effort

3) Give up/Perseverance

Figure 3. 17. Elements of neuroeducation process
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3.3.7. Trustworthiness, Reliability and Validity of the Study Phases

Trustworthiness, in other words, the rigor of the study expresses the degree of
assurance in data, explanation, and methods used to ensure the quality of a study.
To explain and validate this comprehensive process, | shared the examples or

proofs from the data.

Trustworthiness of document analysis. In establishing trustworthiness in
qualitative parts of the study, credibility, dependability, transferability, and
confirmability were followed by certain steps (Lincoln & Guba, 1985), and
authenticity (Guba & Lincoln, 1994). To ensure dependability, | constructed the
coding frame that captures the analytically significant descriptions of the data. |
shared an empty version of the codebook structure along with the frameworks of
Revised Bloom’s Taxonomy and TIMSS with two experts;, an associate
professor from the department of mathematics education and additionally expert
in Bloom’s taxonomy, and a Ph.D. candidate who was graduated from secondary
school mathematics teaching, writing her dissertation in the department of
measurement and evaluation, and additionally expert in TIMSS framework. Each
coder studied independently on the table of specification and analyzed 10% of
the total examination items shared by the researcher. This process was
significant due to degree of agreement among two or more independent
qualitative coders. Even though there is little consensus between researchers
regarding the proportion of the data set that would be shared to assist a
trustworthy estimate of intercoder reliability; depending on the size of entire set,
10-25% of data units would be standard (Campbell et al., 2013). Therefore, |
randomly selected 10% from a subsample of the items so as to ensure the

representativeness of the entire data set.

In order to ensure credibility, | adopted the qualitative research method well
established (Campbell et al., 2013; Guba & Lincoln, 1994; Lincoln & Guba,
1985; Patton, 2002). Before the first data collection, I visited the schools starting

from the nearest province, its managers and mathematics teacher group who
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volunteered to participate in this study. The ethical approvals from the university
and ministry of national education along with the aims of the study were
disseminated to those schools. I had contacted the schools for an early familiarity
with the culture of participating schools before the first data collection dialogues
took place. | achieved those processes via consultation of appropriate documents
and introductory visits to the schools themselves. Hence, a wide range of
teachers (n = 10) participated in this part of the study in five schools to
triangulate via data sources. The data collection sessions involve only those who
are genuinely willing to take part and prepared to offer examination papers
freely, so | ensured honesty in teachers when contributing data. | purposefully
selected the participant teachers who are knowledgeable, willing to participate,
in rapport with me to share their experiences and examinations. Teachers were
reached through getting advice from the district national education directorate. I,
as a researcher, am sure that these teachers gave the originals of the classroom
examinations without hesitation. I always work with my supervisor (a university
professor) and get frequent feedback. Qualification, my experience, my

supervisors and the experts were explained in detail.

In order to ensure transferability, | adopted purposeful sampling during field
search of collecting examination items in schools. The schools participating in
this phase of the study were settled in Sariyer district in Istanbul, Turkey.
However, the findings of the qualitative approach are specific to a small number
of particular environments (i.e., five schools) and individuals (i.e., 10 teachers). |
ensured that a sufficient number of examination papers during school visits was
provided from the teachers. However, the examination papers were limited to the
level and amount allowed by the school management and what the teachers
shared. It was also important that sufficient thick description of the research
process under investigation, data collection and analysis were provided to have a
proper understanding of it. Besides, | provided the province, the number of
schools, the teachers taking part in the study, the number of participants involved
in the study, employed data collection methods, and the period of time over

which the data was collected. The results are expected to be limited to the
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participant schools. The results of the study were determined. It will be in their
best interest when there are school managers and mathematics teachers who are
interested in the results of this study. Hence, research results are transferred to

the extent that they are used for their benefits.

In order to ensure confirmability, | analyzed and shared the data in line with the
examination items. | reflected the findings objectively also by each examination
paper and the schools. | used triangulation to eliminate the effect of investigator
bias with the use of document analysis, interviews with the mathematics
teachers. | used tables, figures to disseminate the results objectively, shared
examples and sample items when needed to demonstrate “audit trail”. In
addition, | found an audience who were an expert in English language teaching
and manager of a publishing house for extrinsic observation of the research
process. We discussed the results and exchange of ideas. In order to ensure
authenticity, | reflected on “Have people been changed by the process? To what
extent did the investigation prompt action?” All examination papers were even-

handedly after being collected from the middle school teachers.

Participants understood their situation and why they were asked to share
examination items in more informed ways as a result of participation in the
research. They knew that this is a part of scientific research. All of the teachers
were aware of and had enough consciousness on the fact that participating in this
study was also part of gaining experience and changing their constructions as the
research participants also developed a better understanding of the alignment
between the enacted curriculum and the proposed assessment procedures. By
collecting their authentic teacher-made examination items, the study was an
authentic representation of their experiences. The participants and 1, jointly,

assessed the degree of empowerment that evolved during the study.

Validity and reliability of survey phase. In establishing validity and reliability
in the quantitative survey phase, | got expert opinion from the advisor and a

professor of the department of educational sciences, curriculum and instruction
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program and a professor the department of educational sciences, measurement
and evaluation program during each phase. While writing the items for
TMMESP-Q, first expert opinion was ensured for its dimensions and clarity of
the items for the constructs. Then, second expert opinion was ensured the
constructed survey which became ready for administration to mathematics
teachers in Istanbul, Turkey. The Cronbach’s alpha reliability for teaching
method (TM) preferences part of TMMESP-Q was .75 and the Cronbach’s alpha
reliability for measurement-evaluation strategy (MES) preferences part of
TMMESP-Q was .73. Hence, internal consistency between items were found to
be acceptable level in line with rule of thumb Cronbach’s alpha .80> a = .70
(Nunally, 1978). While the data collected for main study of quantitative survey
phase from mathematics teachers in Istanbul, ecological validity was tried to be
ensured since the delivery of surveys were carried out in the teachers' own

environments, namely in the middle schools.

Validity and reliability of multimodal phase. In establishing validity and
reliability of multimodal phase (neuroeducation) of the current study, firstly,
calibration of eye-tracking and biomarker tools was performed while piloting
with fourteen adult participants. The adult participants read the mathematics
open-ended and multiple-choice items. They solved and responded the
researcher's think-aloud process protocol. They talked to me about the visuality
and understandability of the items. The computer screen and software in the
laboratory to measure multimodal data were checked beforehand. The system
was adjusted by checking whether the system detected the participants’ presence
and follow what they are looking at in real-time. Then the same calibration was
implemented for the research participants. Calibration worked effectively. Even
the height of the chair was adjusted for the students, and it was provided to sit in
a way that would not disturb the calibration. Whether or not the students focused
on the shape into an examination item was monitored from the side screen (there
were two screens in the study, one that the student saw and the other that |
followed). In cases where there was a shift in the eye-movement, the student was

ensured to look at the right place and sit upright. As a matter of fact, one
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advantage of using multimodal data was to provide validity in laboratory studies,
that is, to determine a robust data; the accuracy and validity of qualitative data
from student think-aloud process and quantitative data from eye-tracking and
biomarker tools with my own observations in the research process. In every
step, | got an expert view from calibration to finalization of the study. Besides, |
studied with inter-coder (see page 149 for detail) to ensure reliability of the
multimodal data. For external validity, | spent effort to invite the students from
different large districts in Istanbul (e.g., Fatih, Besiktas, Sariyer), | tried to keep
the sample large in that research conditions, and the study was able to be
completed with 32 students.

3.3.8. Limitations and delimitations

This section explains with some limitations and delimitations placed in
document analysis, quantitative survey phase, and multimodal phase. Firstly,
qualitative data should be collected for a deeper understanding of mathematics
teachers’ assessment strategies and their corresponding influence on the
preparation of authentic teacher-made mathematics examination items.
Phenomenological studies would definitely help enrich their authentic
experiences and measurement-evaluation strategy preference study. Secondly,
school type differences should be considered in this and future research,
especially in the case of private schools with university-school partnerships. The
analysis of mathematics teachers’ authentic teacher-made items found that the
quality of in-class examinations in schools whose teachers cooperate with faculty
members in the faculty of education from universities take professional
development courses. As the assessment is related to professional development,
it is an expected result. How teachers reflect on quality in-class examinations by
collaborating with academics can be investigated in more detail. Furthermore,
regional differences in Istanbul, a metropolitan city, might have affected our
results when looking at teacher-made items. Thirdly, mathematics teachers'
perception of the curriculum change, of curriculum learning outcomes and

mathematical content is admirable. As they are open to changing their teaching
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methods thanks to their courage in being “agents of change” and their beliefs, it
should be elaborated further on why they prefer to follow traditional methods in
measurement and evaluation, and why they are not sufficiently flexible. Lastly,
the result of students’ reactions and responses to differential effect of item types
(i.e. MC and OE) and their ability to use metacognitive and affective processes
highlight the association between total time on task and gender variables with the
rereading skill. However, adequate and in-depth re-explanation skill data could
not be obtained from the students to determine how or why they could not. The
importance of using self-checking sub skills and how the students could use
them if given the opportunity have been investigated in depth. Logistic
regression results were based on the deep data that could be collected in a short
period of time (i.e. within the time limits allowed for the 5th graders) and may
not have shown as a significant variable in the logistic analysis because deep
data was not applicable in some themes. Hence, the results should always be

interpreted in the light of these limitations.

Despite these limitations, this study contributes to a multi-layered research
design on curriculum change, teaching methods and assessment, and teachers’
experience and preferences followed by students’ reflections on innovative
items. The study helps to clarify what kind of hidden metacognitive and affective
skills can be discovered if mathematics teachers are professionally developed to
make measurement and evaluation of their students with qualified authentic
teacher-made items. We have also developed a better understanding of the
complexity of students’ problem-solving skills, their thinking paths while also
managing their cognition, metacognition and affective processes with their
natural behaviors. It was observed that the students who were allowed to come
up with their own solutions toward mathematics items and who were encouraged
to use those skills in the classroom reflected on their inner ideas and processes
and believed they made progress in knowledge and skill base. For future studies,
special attention should be paid to teachers’ autonomy on the curriculum,
instruction and assessment to enrich the knowledge base to transform

implementations in those areas.
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3.3.9. Researcher Experience

| share with my research experience during all research phases one by one as
both mathematics teacher since 2011 and research assistant since 2014. During
the document analysis phase, nearly all of the school administrations generally
volunteered to support the research. However, since the examinations of pre-
policy change were archived, they had to be drawn up, reviewed and shared with
me by a volunteer teacher. For this reason, | could only get pre-policy change
examinations from solely two schools. If more schools had archived all semester
examinations online, the teachers would have quickly accessed old examinations
and | could collect more data. They could not provide sufficient data on the

difference between pre policy and after policy change.

During the quantitative survey phase, some mathematics teachers who did not
want to participate in the interview during the quantitative survey phase showed
up to me and said, "This research is of no use to me. I don't think it will benefit
of my students”, “There is no project in this study and I have no income.” They
used sentences such as "l did not want to help.” As a researcher, | suggest
arranging a meeting with other teachers without losing the motivation. School
principals and teachers should better understand the importance of research and
more volunteered action should be taken in this direction. You can motivate the
participating teachers with small gifts or incentives for participating in the
research. Although 1 received ethical permission from the MoNE, | rejected
through the doors of some middle schools and was not allowed to meet with
mathematics teachers. However, good memories remained in my mind. Some
middle schools welcomed me. Since | arrived on their lunch break, they
hospitably offered me to accompany the meal. | even reached the schools that
were far away in the Fatih district. The manager of a public school was very
happy that | chose them as a participatory school. | met all of their mathematics
teachers and was able to gather data efficiency.
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Moreover, as a mathematics teacher and an educational scientist, | read a lot
about the topic for three months to become comfortable with the educational
neuroscience, subject matter, and objectives in order to adjust to this new
laboratory environment without feeling like square peg in round hole. The fact
that my co-advisor had my personnel ID card loaded into the university system
so | could enter and depart the room was the chance of helping me adapt to the
experimental atmosphere. | had not yet had the chance to use the laboratory, so
this gave me a chance to get accustomed to it. | practiced with the tools and grew
confident using them, even resolving issues and problems once they emerged. |
started modifying the arrangements for pilot studies as | grew accustomed to the
surroundings. | discovered the significance of instrument calibration through
scientific journals. | eventually became so accustomed to being there that |
occasionally worked from the laboratory. | think that getting accustomed to and
adjusting to one's surroundings is a crucial first step in the research process, thus
one should take steps to prevent risks to internal validity for the scientific study

process.
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CHAPTER 4

RESULTS

In the results section, the findings from each five phases are explained. The
chapter begins with the results of document analysis of authentic teacher-made
items. The document analysis sectioned as examination items related to item
types, learning units, learning outcomes, revised Bloom’s taxonomy, TIMSS
framework. The chapter continues with the results of quantitative survey
including construct validity procedures of the TMMESP questionnaire and
descriptive and inferential statistical findings from the questionnaire. Then, the
chapter carries on the results of multimodal phase (i.e. neuroeducation). The

chapter ends with a design of a deep data modeling.

4.1. Results of Document Analysis of Authentic Teacher-Made

Examinations

The results of document analysis of authentic teacher-made examinations were
consisted of five substeps. First, the results were examined in terms of item
types; second, the results were examined in terms of learning units; third, the
results were examined in terms of learning outcomes in the middle school
mathematics curriculum; forth, the results were examined in terms of revised
Bloom’s taxonomy; fifth, the results were examined in terms of Trends in
International Mathematics and Science Study [TIMSS]’s Framework. The
findings related to document analysis based on teacher-made examination items
(N = 380) indicated that most of the items (n = 364, 95.8%) were delivered to
the researcher by public school teachers and few of the items delivered by

private school teachers (n = 16, 4.2%).
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4.1.1. Examination items related to item types

Authentic teacher-made items analyzed related to item types. In terms of the type
of items, the findings revealed that 1.8% of items were constructed as fill in the
blanks (n = 7), 1.3% of items as true/false (n = 5), 53.7% of the items as
multiple-choice (n = 204), and 43.2% of them as restricted open-ended (n = 164).

The descriptive statistics for item types were illustrated in Table 4.1.

Table 4. 1. Items by Item Type

Item types f %
Fill in the blanks 7 1.8
True/false 5 1.3
Multiple choice 204 53.7
Open-ended 164 43.2
(constructed OE)
Total 380 100

4.1.2. Examination items related to learning units

In terms of learning units, the items were examined in relation to the intended
mathematics curriculum content for middle school students. The results revealed
that items were mostly prepared about Numbers and Operations (81%). On the
other hand, Measurement (0.3%), Geometry and Measurement (1.1%), and Data
Analysis (0.8%) were scarcely used to prepare in-class examination items.
Interestingly the findings showed in Table 4.2 that teachers who were teaching in
5t grade prepare their items not only aligned with 5th-grade learning outcomes
but also 3rd, 4th, 6th and 7th-grade learning outcomes with a limited emphasis.
Generally, items were found to be related to the content domain of Numbers and
Operations (f = 288, 75.8%) followed by Geometry and Measurement (f = 4,
1.1%), and to a lesser extent, Data Processing (f = 3, 0.8%) adjusted with MoNE
5th-grade mathematics curriculum. The Learning units within the Table 4.2 see

below.
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Table 4. 2. Items that Related to Learning Units in the Middle School
Mathematics Curriculum

Learning units (i.e., content domain) f %
M.3.1. Numbers and Operations 2 0.5
M.4.1. Numbers and Operations 10 2.6
M.4.3. Measurement 1 0.3
M.5.1. Numbers and Operations 288 75.8
M.5.2. Geometry and Measurement 4 11
M.5.3. Data Processing 3 0.8
M.6.1. Numbers and Operations 7 18
M.7.1. Numbers and Operations 1 0.3
Total 380 100

4.1.3. Examination items related to learning outcomes

The examination items were analyzed in terms of 5™ grade mathematics
curriculum learning outcomes they were related with. The results including items
that were identified as Higher-order Thinking Skills (HoT) and Lower-order
Thinking Skills (LoT) are revealed in Table 4.3.
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Objectives

Categories

Themes

%

Higher-
order
thinking
skills

M.5.2.3.2. form different shapes.

M.6.1.1.4. solve and pose problems.
M.5.2.1.6. interpret whether it is parallel.
M.4.1.2.2. compare its forecast with the result of the

solution.
M.4.3.1.4. solve problems.

M.5.1.2.12. solve problems related to basic operations.

M.5.1.3.3. compare fractions.

M.5.1.4.1. do calculation and interpretation.
M.5.1.4.2. solve and pose problems.

M.5.1.5.3. understand the relation.
M.5.1.6.3. compare quantities.

M.5.2.3.1. transform and solve related problems.
M.5.2.3.3. transform and solve related problems.

M.5.2.4.4. solve problems.

M.5.3.1.1. design research questions.

M.5.3.1.3. solve problems.

M.7.1.5.4. solve problems related to percentages.

Constructing
Judging
Comparing, Problem-solving,

Relating, Problem-posing,
Questioning

Produce new or original work

Justify a stand or decision
Draw connections among ideas

[~

1.4

62 17.0

Lower-order
thinking skills

Table 4. 3. Levels of Learning Outcomes

M.3.1.1.4. round numbers to the nearest hundred.

M.4.1.1.4. round.

M.4.1.6.1. find fractions and demonstrate with models.
M.5.1.1.3. sequence the expected steps.

M.5.1.2.1. do subtraction.

M.5.1.2.10. demonstrate and calculate the value.

M.5.1.2.11. find the results.

M.5.1.2.2. determine the strategy and use it.

M.5.1.2.4. multiply.
M.5.1.2.5. divide.

M.5.1.2.7. determine the strategy and use.

M.5.1.2.9. find the unknowns.

M.5.1.3.1. demonstrate and sequence.

M.5.1.3.2. transforms.

Rounding, Sketching,
Implementing, Demonstrating,
Operating, Using, Sequencing,
Demonstrating,  Transforming,
Drawing, Calculating

Use information in new situations

212 55.0
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Table 4.3. (continued)

Objectives

Categories

Themes

%

M.5.1.3.4.
M.5.1.3.5.

represent fractions
sequence the equivalent fractions.

M.5.1.3.6 operate.

M.5.1.5'5:
M.5.1.5.6.
M.5.1.6.2.
M.5.1.6.4.
M.5.2.1.3.
M.5:2.273.
M.5.2.2.4.
M.52.4.1.
M.6.1.1.1.
M.6.1.5.1.
M.6.1.5.2.

demonstrate and sequence.

do addition and subtraction.
transform to each other.

find the amount of correspondence.
sketch a line segment.

determine and draw.

determine and find the unknown angles.
calculate the area.

calculate the value.

sketch on the number line.

do subtraction.

M.43.4.1.
M.5.1.2.3.
M.5.1.2.6.
M.5.1.238.
M.521.2.
M.52.2.2.

explain the relation. Explaining, Guessing,
guess. Discussing, Classifying

guess the results.

discuss.

express by using unit and direction.

classify.

Explain ideas or concepts

25

6.7

M.5.1.1.1.
M.5.1.1.2.
M.5.1.5.1.
M.5.1.5.4.
M.5.1.6.1.
M.5.2.1.1.
M.5.2.1.4.
M.522.1.
M.6.1.2.4.

read and write. Reading, Writing, Determining,
state. Stating, Memorizing, Using
determine the expression.

read and write.

state with the symbol of percentage (%).

using a symbol.

determine obtuse-angled triangle.

determine the basic elements.

determine prime factors.

Basic concepts

73

19.1

TOTAL

380

100
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I connected each teacher-made items with learning outcomes founded in the
MoNE mathematics curriculum instead of mathematics teachers that was the
most essential part of the above table. In this stage of document analysis, |
analyzed the learning outcomes connected with teacher-made examination items.
| intended to investigate the level of thinking skills (i.e., higher-order thinking
skills [HoTs] or lower-order thinking skills [LoTs]) (Brookhart, 2010) for each
mathematics items. Pertaining to my aim, | read each learning outcomes’ verb
part to grasp its skills and then combine them into meaningful categories. The
similar sets of techniques were used to analyze textual data and elucidate the
themes according to the qualitative content analysis (Vaismoradi et al., 2016).
More specifically, the categories from each learning outcomes were determined
and categorized as follows: Students will be able to “M.5.1.6.3. compare the
quantities” coded as “Comparing”, “M.5.2.3.2. construct different shapes” as
“Constructing”, “M.5.3.1.1. construct research questions” as “Questioning”.
“M.5.2.3.1. transform and solve related problems” as “Problem-solving.” Among
380 learning outcomes 17 individual outcomes (f = 70) were figured out and six
categories revealed. More than one learning outcome were assigned to the same
code. These are 1) constructing, 2) judging, 3) comparing, 4) problem-solving, 5)
relating, 6) problem-posing, 7) questioning. Hence, these categories combined
into three main themes such that (1) Produce new or original work, (2) Justify a
stand or decision, (3) Draw connections among ideas emerged from the
document analysis and related with HoTs (for detail of Analyzing, Evaluating,
Creating level see Anderson and Krathwohl, 2001). Hence, only 70 learning

outcomes (19.2%) pointed out items assessing HoTs.

Moreover, the other learning outcomes determined and categorized as follows:
students will be able to “M.4.1.6.1. know fractions and demonstrate its model”
coded as “demonstrating”, “M.5.1.2.1. do subtraction” coded as ‘“calculating”,
“M.5.1.3.2. transform to each other” coded as “transforming”, “M.5.1.3.5.
sequence the equivalent fractions” coded as “sequencing.” Data depicted that
most of the examination items were prepared to measure the same learning

outcomes. Among 380 learning outcomes, 28 individual outcomes (f = 212) were
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matched with the related items and eleven categories revealed. More than one
learning outcomes were assigned to the same category. These are 1) Rounding,
2) Sketching, 3) Implementing, 4) Demonstrating, 5) Operating, 6) Using, 7)
Sequencing, 8) Demonstrating, 9) Transforming, 10) Drawing, 11) Calculating.
Hence, these categories combined into one main theme such that (1) Use
information in new situations emerged from the content analysis and related with
LoTs (for detail of Applying level see Anderson and Krathwohl, 2001). In
addition, students will be able to “M.5.1.2.3. guess”, “M.5.1.2.6. guess the
results” coded as “Guessing”, “M.5.1.2.8. interpret” coded as “Explaining.”
Among 380 learning outcomes, 6 individual outcomes (f = 25) were figured out
and four categories revealed. More than one learning outcomes were assigned to
the same code. These are 1) Explaining, 2) Guessing, 3) Discussing, 4)
Classifying. Hence, these categories combined into one main theme such that (1)
Explain ideas or concepts emerged from the content analysis and related with
LoTs (for detail of Understanding level see Anderson and Krathwohl, 2001).
Lastly, Students will be able to “M.5.1.1.2. determine” and “M.5.1.5.1.
determine the expression of” coded as “Determining” whereas “M.5.1.5.4. write
and read” coded as “Writing” and “Reading”, “M.5.1.6.1. show percentage

2

symbol as %” coded as “Stating.” Among 380 learning outcomes, 9 individual
outcomes (f = 73) were figured out and five categories revealed. More than one
learning outcome was assigned to the same code. These are 1) Reading, 2)

Writing, 3) Determining, 4) Stating, 5) Memorizing.

Hence, these categories combined into one main theme such that (1) Basic
concepts emerged from the content analysis and related to LoTs (for detail of
Remembering level see Anderson and Krathwohl, 2001). Hence, totally, 310
learning outcomes (80.8%) pointed out items assessing LoTs. 19.2% of the
objectives (f = 70) in 5" grade national mathematics curriculum was found to be
related with higher-order thinking skills (HoTs) while 80.8% of them (f = 310)
were found to be related with lower-order thinking skills (LoTSs).
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4.1.4. Examination items related to the revised bloom’s taxonomy

In this part, | analyzed all authentic teacher-made examinations and items in
total. Then, | examined each item in the examinations by the middle schools and
the administered semesters respectively. Also, the analysis findings were

demonstrated in the charts of Table 4.4 (see. Appendix P for cross-case school

analysis).

| distributed the items to examine in terms of pre and after policy change. For
this process, | splitted them into two parts as those reflecting pre-change and

those reflecting after-change. The numbers were illustrated in Table 4.4 related

to schools, school types, examination semesters, total numbers.

Table 4. 4. Number of Teacher-made Examinations by Prior to and After Policy

Change
School School Type Pre-Change i After-Change f
Name
School 1 Public 1. 2016-20171% 14 1. 20172018 1" 16
School semester 1% semester 1%
exam exam
3. 2016:20172™ 2. 2017-2018 1% 18
semester 1% 17 semester 2™
exam exam
3. 2017-20181* 20
semester 3%
exam
4, 2017-2018 9%
semester 1% 12
exam
5. D0i720180M
semester 2™ 20
exam
Total 31 86
School 2 Public E: 1. 2017-2018 1% 17
School semester 1%
exam
2. 2017-2018 1% 18
semester 2™
exam
3. 2017-2018 1%
semester 3% 16

exam
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Table 4.4. (continued)

School School Type Pre-Change f After-Change f
Name

4. 2017-2018 2™ " 15
semester 1%
exam

2017-2018 2™ semester 21
27 exam
Total 0 87
School3  Public - 1. 2017-20181% 20
School semester 1%
exam
2017-2018 2™ semester
1% exam 25
Total 0 45
School 4 Public 1.2016-2017 1* 19 1. 2017-20181% 20
School semester 1% exam semester 1%
2.2016-2017 2™ exam
semester 1% exam 19 2. 2017-20181% 19
semester 2™

exam
3. 2017-20181% 20
semester 3™

exam
2017-2018 2™ semester 20
1% exam
Total 38 79
School 5 Private - 1.2018-2019 1% 14
School semester 2™ exam
Total 0 14
GRAND 69 311

TOTAL

The results revealed in Table 4.5 that teacher-made examination items mostly
relied on Procedural level of knowledge dimension (f = 228, 60%) and Applying
level of cognitive process dimension (f = 217, 57.11%) in line with the revised

Bloom’s taxonomy.
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Table 4. 5. Distribution of Items in the Total of Teacher-made Examinations (N
= 380)

Taxonomy Dimension f %
Knowledge
Revised Bloom Factual 55 14.47
Taxonomy
Conceptual 96 25.26
Procedural 228 60
Metacognitive 1 0.26

Cognitive Process

Remember 44 11.58
Understand 91 23.95
Apply 217 57.11
Analyze 25 6.58
Evaluate 3 0.79
Create 0 0
Total 100

When the schools were examined by pre and after policy change, the findings in
Table 4.6 showed that the School 1 did not reflect a significant difference
between pre and after change in terms of knowledge and cognitive process
dimension. For instance, in terms of knowledge dimension there is a very slight
decrease in factual knowledge whereas a slight increase in conceptual and
procedural knowledge. In terms of cognitive process dimension, there is a
decrease in remembering and analyzing skill whereas slightly increase in
applying skill. Findings from School 2 could not be compared in terms of pre
and after policy change because the teachers from School 2 did not share pre-
policy examination items. In terms of knowledge dimension, it was as similar as
with School 1. In terms of cognitive process dimension, the items from School 2
in remembering skills were nearly two times higher than those in School 1.
Findings from School 3 could not be compared in terms of pre and after policy

change because the teachers from School 3 did not share pre-policy examination
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items. In line with knowledge dimension, there was a profound difference
between the items in procedural knowledge in School 3 than School 1 and
School 2. In terms of cognitive process dimension, the items from School 3 in
applying skill were almost higher than those in School 1 and School 2. However,
the number of items in understanding skill was lower than those in School 1 and
School 2.

In addition, findings from School 4 examined that the items regarding
knowledge dimension were nearly similar in terms of pre and after policy
change. Yet, the items regarding cognitive process dimension showed that the
number of items in remembering skills from after-change policy were two times
higher than those from pre-change policy. The number of items in applying skill
from after-change policy slightly decreased. Moreover, when the findings from
the School 5 examined, it showed that the pre and after policy change could not
be compared because the teachers from School 5 did not share pre-policy
examination items. In terms of knowledge dimension, the number of items in
procedural level was quite high compared to other schools. In terms of cognitive
process dimension, the number of items in applying skill was almost lower than
the other schools. Instead, the items in analyzing skills were significantly higher

than the other schools.
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Table 4. 6. Distribution of Items Related to Schools vs. Pre and After Policy

Change (f (%))

Dimension School 1 School 2 School 3 School 4 School 5
Pre After Pre After Pre After Pre After Pre  After
Knowledge
Factual 6(19.35%) 14(16.28%) 0 17(19.54%) 0 6(13.33%) 3(7.89%) 9(11.39%) 0 0
Conceptual 7(22.58%)  20(23.26%) 0 29(33.33%) 0 5(11.11%) 8(21.05%)  27(34.18%) 0 0
Procedural 18(58.06%)  52(60.47%) 0 41(47.13%) 0 34(75.56%) 27(71.05%)  43(54.43%) 0 13(92.86%)
Metacognitive 0 0 0 0 0 0 0 0 0 1(7.14%)
Cognitive
Process
Remember 5(16.13%) 8(9.30%) 0 15(17.24%) 0 6(13.33%) 3(7.89%) 15(18.99%) 0 0
Understand 5(16.13%)  22(25.58%) 0 27(31.03%) 0 3(6.67%) 8(21.05%) 18(22.78%) 0 0
Apply 18(58.06%)  50(58.14%) 0 45(51.72%) 0 35(77.78%)  25(65.79%)  41(51.90%) 0 3(21.43%)
Analyze 3(9.68%) 6(6.98%) 0 0 0 1(2.22%) 2(5.26%) 5(6.33%) 0 8(57.14%)
Evaluate 0 0 0 0 0 0 0 0 0 3(21.43%)
Create 0 0 0 0 0 0 0 0 0 0
Total 31 86 0 87 0 45 38 79 0 14
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Long story short, mathematics teachers in School 5 remarkably, prepared
examination items related to applying, analyzing and evaluating cognitive
process dimension which were distinctly different from the public schools (see.

Figure 4.1, Figure 4.2, Figure 4.3, Figure 4.4 and Figure 4.5 below).
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Figure 4. 3. Distribution of the Revised
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4.1.5. Examination Items Related to TIMSS Framework

The examination items were explored related to TIMSS Framework. The results
in Table 4.7 revealed that teacher-made examination items (N = 380) mostly
relied on Knowing level of main domain (f = 331, 87%) and almost half of them
at Computing level of sub domain (f = 164, 43%) in line with the Trends in
International Mathematics and Science Study [TIMSS]’s Framework. (see.

Figure 4.6 distribution of the TIMSS framework domains: All in one)

Table 4. 7. Distribution of Items in the Total of Teacher-made Examinations by
TIMSS (N = 380)

Dimension ¥ %
TIMSS Main Domain
Revised Bloom Knowing 331 87
Taxonomy
Applying 27 7
Reasoning 22 6

TIMSS Sub Domain

Recall 54 14
Recognize 52 14
Classify/Order 36 9
Compute 164 43
Retrieve 20 5
Measure ) 1
Determine 12 3
Represent/Model 1 0
Implement 17 5
Analyze 12 3
Integrate/Syntheses 2 1
Evaluate 2 1
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Table 4.7. (continued)

Dimension b %
Draw Conclusion 0 0
Generalization 1 0
Justify 2 1
Total 380 100

The overall analysis of examination items related to the TIMSS framework Main

and Subdomain are illustrated in Figure 4.6 below.
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Figure 4. 6. Distribution of the TIMSS Framework Domains: All in One

4.1.6. Comparison of the findings from document analysis of phase 1

Regarding the results from 4.1.4 and 4.1.5; the level of knowledge and cognitive
process dimensions of the Revised Bloom’s Taxonomy, mathematics items were
also tested and Table 4.6 revealed larger numbers for procedural knowledge and
apply subdimensions in the level of knowledge dimension and cognitive process
dimension, respectively. To be more precise, mathematics items reflected
procedural (f = 228, 60%), conceptual (f = 96, 25.3%), factual (f = 55, 14.5%),
and metacognitive (f = 1, 0.3%) level of knowledge; applying (f = 217, 57.1%),
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understanding (f = 91, 23.9%), remembering (f = 44, 11.6%), analyzing (f = 25,
6.6%), evaluating (f = 3, 0.8%). Nevertheless, any finding indicated creating
level of cognitive process dimension. The results on the TIMSS framework
showed in Table 4.7 that when analyzed the authentic teacher-made examination
items, the number of items categorized into knowing cognitive dimension (f =
331, 87.1%) was higher than applying (f = 27, 7.1%) and reasoning (f = 22,
5.8%) cognitive dimensions. When looked at an international level, it was
revealed that they were prepared at a lower level for fifth grade students in
Turkey. When cognitive subdomains were analyzed deeply to examine which
skills the items had been measuring, the findings showed us that in knowing
cognitive dimension, computing skills were measured in high frequency (f = 164,
43.4%) than recalling (f = 54, 14.2%), recognizing (f = 52, 13.7%),
classifying/ordering (f = 36, 9.5%), retrieving (f = 20, 5.3%), and measuring (f =
5, 1.3%) skills respectively. Hence, the categories of knowing seemed to be
almost equally distributed except computation, and as expected, very low
frequency of the items in measuring subdimension. This might be due to there is
no significant number of learning outcomes from Measurement learning unit

within the mathematics curriculum.

More specifically, in terms of the applying cognitive dimension, results indicated
that 4.5% of the items reflected implementing skills (f = 17) and 3.2% of the
items reflected determining skills (f = 12) whereas only 0.3% of them reflected
representing or modeling skills (f = 1). In a related manner, with respect to the
reasoning cognitive dimension, results showed that the majority of the items
reflected analyzing skills (3.2%, f = 12), while 0.5% reflected
integrating/synthesizing (f = 2), 0.5% evaluating (f = 2) and 0.5% justifying (f =
2) and 0.3% generalizing (f = 1) skills/subdimensions. Not surprisingly, none of
the items are reflected by concluding sub dimensions, which require one of the
higher-order thinking skills. Moreover, other related higher-order skills such as
generalization or evaluation had one of the lowest frequencies among reasoning

dimensions. This might be due to there being no relation between applying
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cognitive processes from Revised Bloom taxonomy and applying from TIMSS

framework. They are not at a similar difficulty level.

Viewed together, these findings inferred that the mathematics items in authentic
teachers made exams mainly focus on the routine use of procedures (e.g.,
automatized solution procedures). The students can often utilize procedural
applications during the solution process. However, it is worth to note that some
restricted open-ended items prepared by private schools had features of
measuring metacognitive knowledge of students, analyzing, and evaluating,
synthesizing, and justifying skills. Mathematics items need to be structured at a
more advanced level during the in-class assessment so that students can reflect
their differentiation, evaluation, making an inference, modeling skills during

international large-scale assessments such as PISA, TIMSS etc.

4.1.7. Overall summary from document analysis: Revisited

Totally the teacher made items were delivered by 10 mathematics teachers from
5 different public (62%) and private schools (37%) located in lower-middle and
middle SES districts in Turkey. In this part, | will disseminate the results by each

different school voluntarily participating in this research process.

All 380 authentic teacher-made mathematics examination items were analyzed
regarding national middle school mathematics curriculum learning outcomes and
subject area (i.e., mathematics units). Specifically, the findings from the items
revealed that the middle school mathematics teachers tend to prepare test items
in 5 grade frequently based on the basic unit of Numbers and Operations, and
MC and restricted OE in terms of item types. They prepared items in line with
curriculum learning outcomes. Nevertheless, these learning outcomes were
found to be above (i.e., 6th or 7" grade) or below (i.e., 3" or 4" grade) the
intended 5™ grade level on which the items were developed. One-fifth of the

learning outcomes (f = 70) in 5" grade national mathematics curriculum was
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found to be related with higher-order thinking skills (HoTs) while four-fifths of
them (f = 310) were found to be related with lower-order thinking skills (LoTSs).

All authentic teacher-made items (N = 380) analysis delivered by 10
mathematics teachers in five different schools showed that 13 examinations were
prepared according to 1% semester learning outcomes whereas eight were
prepared according to 2" semester learning outcomes. In relation to pre and after
policy change, in other words, 69 examination items were prepared in the pre-
policy change and 311 were prepared after-policy change. From 10 mathematics
teachers, 55 items in Factual (14.47%), 96 items in Conceptual (25.26%), 228
items in Procedural (60%), 1 item in Metacognitive (0.26%) level in line with
Knowledge dimension of the Revised Bloom Taxonomy; 44 items in
Remembering (11.58%), 91 items in Understanding (23.97%), 217 items in
Applying (57.11%), 25 items in Analyzing (6.58%), 3 items in Evaluating
(0.79%), and no item in Creating level in line with Cognitive process dimension
of the Revised Bloom Taxonomy. To sum, there were totally 21 examinations
and 380 individual items; the results revealed that teacher-made examination
items mostly relied on Procedural level of knowledge dimension (f = 228, 60%)
and Applying level of cognitive process dimension (f = 217, 57.11%) in line with

the Revised Bloom’s Taxonomy.

Authentic teacher-made items analysis delivered by two mathematics teachers in
School 1 showed that four examinations were prepared according to 1% semester
learning outcomes whereas three were prepared according to 2" semester
learning outcomes. There were a total of seven examinations and 117 individual
items. The results revealed that teacher-made examination items in School 1
mostly relied on Procedural level of knowledge dimension (f = 70, 60%) and
Applying level of cognitive process dimension (f = 68, 58%) in line with the
Revised Bloom’s Taxonomy. Moreover, School 1 Middle School (n = 117)
mostly relied on Knowing level of main domain (f = 101, 86%) and Computing
level of sub domain (f = 50, 43%) in line with the Trends in International

Mathematics and Science Study [TIMSS]’s Framework.
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Authentic teacher-made items analysis delivered by three mathematics teachers
in School 2 showed that three examinations were prepared according to 1%
semester learning outcomes whereas two were prepared according to 2™
semester learning outcomes. There were totally five examinations and 87
individual items. The results revealed that teacher-made examination items in
School 2 mostly relied on Procedural level of knowledge dimension (f = 40,
46%) and Applying level of cognitive process dimension (f = 44, 51%) in line
with the Revised Bloom’s Taxonomy. Moreover, School 2 Middle School (n =
87) mostly relied on Knowing level of main domain (n = 82, 94%) and
Computing level of sub domain (f = 35, 40%) in line with the Trends in

International Mathematics and Science Study [TIMSS]’s Framework.

Authentic teacher-made items analysis delivered by two mathematics teachers in
School 3 showed that one examination was prepared according to 1% semester
learning outcomes whereas the other one was prepared according to 2" semester
learning outcomes. There were totally two examinations and 45 individual items.
The results revealed that teacher-made examination items in School 3 mostly
relied on Procedural level of knowledge dimension (f = 34, 76%) and Applying
level of cognitive process dimension (f = 35, 78%) in line with the Revised
Bloom’s Taxonomy. Moreover, School 3 Middle School (n = 45) mostly relied
on Knowing level of main domain (n = 43, 96%) and Computing level of sub
domain (f = 24, 54%) in line with the Trends in International Mathematics and
Science Study [TIMSS]’s Framework.

Authentic teacher-made items analysis delivered by three mathematics teachers
in School 4 showed that four examinations were prepared according to 1%
semester learning outcomes whereas two were prepared according to 2"
semester learning outcomes. There were totally six examinations and 117
individual items. The results revealed that teacher-made examination items in
School 4 mostly relied on Procedural level of knowledge dimension (f = 70,
60%) and Applying level of cognitive process dimension (f = 66, 56%) in line

with the Revised Bloom’s Taxonomy. In addition, School 4 Middle School (n =
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117) mostly relied on Knowing level of main domain (n = 104, 89%) and
Computing level of sub domain (f = 54, 46%) in line with the Trends in

International Mathematics and Science Study [TIMSS]’s Framework.

Authentic teacher-made items analysis delivered by one mathematics teacher in
School 5 showed that one examination was prepared according to 1% semester
learning outcomes. There was a total of one examination and 14 individual
items. The results revealed that teacher-made examination items in School 5
mostly relied on Procedural level of knowledge dimension (f = 13, 93%) and
Analyzing level of cognitive process dimension (f = 8, 57%) in line with the
Revised Bloom’s Taxonomy. Furthermore, School 5 Middle School (f = 14)
mostly relied on Reasoning level of main domain (f = 11, 79%) and Analyzing
level of sub domain (f = 4, 29%) in line with the Trends in International
Mathematics and Science Study [TIMSS]’s Framework.

The findings revealed that teachers tend to use traditional objective testing
mostly. Regarding the level of knowledge and cognitive process dimensions of
the Revised Bloom’s Taxonomy, most of the mathematics items reflected
Procedural (f = 228, 60%), a forth Conceptual (f = 96, 25.3%), and some Factual
(f = 55, 14.5%), and rarely Metacognitive (f = 1, 0.3%) level of knowledge
dimension. Regarding cognitive process dimension, half of the teachers prepared
Applying (f = 217, 57.1%), about a fifth Understanding (f = 91, 23.9%), 11
percent Remembering (f = 44), and a some Analyzing (f = 25, 6.6%), and few
Evaluating (f = 3, 0.8%) levels were preferred respectively. No teacher used
Creating the level of the cognitive process dimension. The complementary
findings revealed that teacher-made examination items (f = 380) mostly relied on
Knowing level of main domain (f = 331, 87%) and Computing level of sub
domain (f = 164, 43%) in line with the Trends in International Mathematics and
Science Study [TIMSS]’s Framework. To sum, findings revealed curriculum
change did not assure full renewal of teacher practices. Also, teacher-made items

meet international standards at a very basic level.
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4.2. Results of Quantitative Survey Phase: Investigation of Teachers’

Teaching Method and Measurement-Evaluation Strategy Preferences

This part yielded construct validity procedures of the quantitative survey for each
scale of TMMESP-Q, and descriptive and inferentials statistics from TMMESP-

Q.

4.2.1. Construct validity procedures of the survey

All boxplots and z-scores were examined. | determined the outliers and deleted 9
outliers for Teaching Method (TM) items; five had extreme z-scores and four
had at least five missing values among 20 items (see Table 4.8, 4.9 and 4.10 for

the statistical parameters).

Table 4. 8. Mean and Standard Deviations for Teaching Method Items (N = 294)

Variable M SD
™1 3.22 1.13
TM2 3.30 1.13
TM3 4.05 1.08
TMA4 2.85 1.19
TM5 4.39 .93
TM6 4.38 .81
T™M7 3.56 1.23
TM8 3.15 1.23
TM9 4.48 12
TM10 4.19 .85
TM11 4.29 .67
TM12 2.20 1.10
TM13 4.25 .82
TM14 4.33 .80
TM15 4.39 .68
TM16 4.59 57
TM17 4.62 .56
TM18 441 .64
TM19 4.30 7
TM20 4.30 73

In addition, univariate normality skewness and kurtosis values as well as

Kolmogorov-Smirnov and Shapiro-Wilk significance values were calculated.
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The results showed that all of the items were within the limit (-3, +3) for
Kurtosis value except item 5, item 6 and item 9. Skewness and Kurtosis values
are totally satisfied. The values imply the normality for all but item 5, item 6 and

item 9.

Table 4. 9. Skewness and Kurtosis Values for Teaching Method Items

Items

Skewness Kurtosis

™1 -.27 -1.04
TM2 -27 -1.01
TM3 -1.07 .30

TM4 .29 -.94
TM5 -1.82 3.13
TM6 -1.60 3.10
T™7 -.50 -.89
TMS8 -.02 -1.11
TM9 -1.57 3.01
TM10 -.96 .39

™11 -.69 .56

T™M12 .79 -.33
TM13 -1.39 2.54
TM14 -1.40 2.36
TM15 -.94 .78

TM16 -1.08 -.83
™17 -1.40 2.23
TM18 -.87 75

TM19 -.93 43

TM20 -74 -.06

For other normality checks, all the values for Kolmogorov-Smirnov, Shapiro-
Wilk were also explored. All of them were smaller than p = .00 < .05. So, they
are significant, which means that normality is not satisfied.
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Table 4. 10. Kolmogorov-Smirnov & Shapiro-Wilk Significance Values for
Teaching Method Items

Items Kolmogorov-Smirnov Shapiro-Wilk
™1 27 87
TM2 .26 .88
TM3 .25 .80
T™M4 24 .90
TM5 .34 .68
TM6 31 72
TM7 .25 87
TM8 .19 .90
TM9 .35 .70
TM10 .25 .79
TM11 27 7
TM12 .30 .83
TM13 27 .75
TM14 .28 74
TM15 .30 75
TM16 .39 .67
TM17 40 .64
TM18 31 74
TM19 .28 .78
TM20 .28 .78

Finally, histogram, and normal Q-Q plots were checked to ensure univariate
normality. Histogram for Item 1, Item 2, Item 4, Item7, Item 8, Item 12 depicted
to be normal. Yet remaining items such as Item 3, Item 5, Item 6, Item9, Item 10,
Item 11, Item 13, Item 14, Item 15, Item 16, Item 17, Item 18, Item 19, Item 20
depicted negatively skewed distribution whereas Item 12 positively skewed
distribution. Similarly, the Q-Q plot for Item 1, Item 12 illustrated linearity
whereas Item 3, Item 17, for instance, illustrated the non-linearity in terms of
univariate normality. Boxplot figures also depicted the outliers that still need to
be dealt with (see Figure 4.7 — 4.14).
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Figure 4. 13. Q-Q Plot for Item 12 Figure 4. 14. Box Plot for Item 12

Furthermore, when the overall data examined in relation with the univariate
normality, histogram for all depicted to be normal. Q-Q plot for total items
satisfied with the linearity in terms of univariate normality. Boxplot figure also

showed no outliers (see Figure 4.15 — 4.17).
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Figure 4. 15. Histogram for Total Figure 4. 16. Q-Q Plot for Total
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Consequently, the first theme of TM scale of TMMESP-Q was theoretically
named as “Curriculum Design” including six items (item 1, item 2, item 3, item
4, item 7, item 8). Items related to measuring teachers’ general in-class
applications/instructional choices were considered under the “General
Instruction” dimension. The second theme was constructed to include four items
(item 6, item 9, item 11, item 13). On the other hand, the third theme was named
as “Instructional Technique” comprising five items (item 5, item 10, item 12,
item 14, item 16, item 17). In this theme, items related to teachers’ amount of
tendency relevant to use instructional techniques were taken into consideration.
Lastly, theme 4 was called “Constructivism” including theoretically four items
(item 15, item 18, item 19, item 20). Items related to teachers’ constructivist
application skills are concerned in this dimension (see Table 4.11 for

descriptives).
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Table 4. 11. Mean and Standard Deviations for Measurement-Evaluation
Strategy Items (N = 327)

Variable M SD
MES1 3.47 .96
MES2 2.56 1.23
MES3 3.46 1.02
MES4 3.46 .97
MES5 3.71 1.10
MES6 3.98 .85
MES7 2.80 1.23
MES8 3.66 1.08
MES9 3.94 .96
MES10 4.27 .66
MES11 2.67 1.17
MES12 3.77 .81
MES13 3.12 1.12
MES14 4,03 1.06
MES15 2.08 1.26

In addition, univariate normality skewness and kurtosis values as well as
Kolmogorov-Smirnov and Shapiro-Wilk significance values were calculated.
The results showed that Skewness and Kurtosis values are totally satisfied that
they were between the limits of (-3, +3). The values show the normality (see
Table 4.12).

Table 4. 12. Skewness and Kurtosis Values for Measurement-Evaluation
Strategy Items

Items Skewness Kurtosis
MES1 -.20 -.10
MES2 22 -1.09
MES3 -.54 -.10
MES4 -.25 =27
MES5 -71 =17
MES6 -.53 -.18
MES7 A7 -.90
MESS8 -41 -.59
MES9 -.84 42
MES10 -.55 A1
MES11 .29 -.70
MES12 -45 22
MES13 .00 -74
MES14 -1.19 .92
MES15 91 -.38
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For other normality checks, all the values for Kolmogorov-Smirnov, Shapiro-
Wilk were also explored. All of them are smaller than p =.00 < .05. So, they are
significant which means that normality is not satisfied (see Table 4.13 for

normality check).

Table 4. 13. Kolmogorov-Smirnov and Shapiro-Wilk Significance Values for
Measurement-Evaluation Strategy Items

Items Kolmogorov-Smirnov Shapiro-Wilk
MES1 23 .89
MES 2 18 .89
MES 3 24 .89
MES 4 .20 90
MES 5 .25 .87
MES 6 .25 .85
MES 7 17 91
MES 8 .20 .89
MES 9 .26 .85
MES 10 .28 .78
MES 11 18 91
MES 12 .28 .86
MES 13 17 92
MES 14 27 .80
MES 15 27 .80

Finally, histogram, and normal Q-Q plots were checked to ensure univariate
normality. Histogram for MES1, MES2, MES3, MES4, MES5, MES6, MES?7,
MES8, MES10, MES11, MES12, MES13 depicted to be normal. Yet remaining
items such as MES9 and MES14 depicted negatively skewed distribution
whereas MES 15 depicted positively skewed distribution. Similarly, the Q-Q plot
for MESL1 illustrated linearity whereas MES10, MES14, for instance, illustrated
the non-linearity in terms of univariate normality. Boxplot figures also depicted
the outliers that need to be dealt with (see Figure 4.18 — 4.25).
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Furthermore, when the overall data examined in relation with the univariate
normality, histogram for all depicted to be normal. Q-Q plot for total items
satisfied with the linearity in terms of univariate normality. Boxplot figure also

showed no outliers (see Figure 4.26 — 4.28).
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The first theme of MES scale of TMMESP-Q was theoretically named as
“General Measurement-Evaluation Process” including five items (item 1, item 2,
item 4, item 11, item 12). Items related to measuring teachers’ views on question
formats were considered under the “Views with Question Formats” dimension.
The second theme was theoretically constructed to include six items (item 3,
item 5, item 7, item 8, item 9, item 14). On the other hand, the third theme was
named as “In-class Teaching Measurement-Evaluation Techniques” theoretically

comprising four items (item 6, item 10, item 13, item 15).

However, in order to analyze the TMMES-Q descriptively and inferentially, for
the aim of this current thesis, 1 used a theoretical model. | suggest applying

further examination of the dimensions in the future goals.

4.2.2. Results of main study of survey phase

The findings of the descriptive and inferential statistics from TMMESP-Q
presented in this section.

a. Findings of the descriptive statistics from TMMESP-Q

In this part, item-level statistics for the main data of 35 questions in TMMESP-Q
was given in the Table Q.1 (TM Scale) and Table Q.2 (MES Scale) in Appendix

Q.

When the TMMESP-Q was analyzed on the TM part (see Figures 4.29-4.32), the
findings revealed that after the curriculum renovation the mathematics teachers
reflected their preference frequently on the items about curriculum design as
follows: “I think there is no change in the purpose of the curriculum” as agree
(41.60%), “I think there is no change in the philosophy of the curriculum” as
agree (39.50%), “I have noticed the decrease in the number of learning
outcomes" as strongly agree (42.20%), “I think the content of the subject has

been enriched” as disagree (37.50%), “I think there is no change in the content of
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the Mathematics resource books of the Ministry of National Education™ as agree
(34%), and “I prefer using the teacher's handbook™ as agree (26.70%). It can be
reflected from overall preferences that within the dimension of curriculum
design, the teachers agree that there is no change in the purpose of the
curriculum; they agree that there is no change in the philosophy of the
curriculum; they agree that they have noticed the decrease in the number of
learning outcomes; on the contrary, they disagree that the content of the subject
has been enriched; they agree that there is no change in the content of the
Mathematics resource books of the Ministry of National Education; they agree
that they prefer using the teacher's handbook.

Moreover, the teachers reflected their preference frequently on the items about
general instruction as follows: “I prefer doing activities that provide
opportunities for student creativity” as strongly agree (50.30%), “I change my in-
class teaching method to make my students active” as strongly agree (57.30%),
“I design lessons that enable my students to learn by exploring mathematics
effectively” as agree (51.20%), “Before the lesson, I check the students’
readiness” as agree (46.20%). It can be reflected from overall preferences that
within the dimension of general instruction, the teachers agree that they prefer
doing activities that provide opportunities for student creativity; they change
their in-class teaching method to make their students active; they design lessons
that enable their students to learn by exploring mathematics effectively; Before

the lesson, they check the students’ readiness.

Furthermore, they reflected their preference frequently on the items about
instructional technique as follows: “Using concrete materials (e.g. mathematical
objects) during classroom teaching helps me a lot” as strongly agree (57.30%), “I
prefer using group teaching methods (e.g., cooperative learning, think-pair-share
etc.)” as agree (41.30%), “I only use direct instruction” as disagree (42.70%), “I
try to use educational technologies when teaching in-class” as strongly agree
(48%), “I feel the need to use different questioning techniques (e.g., Why?,

How? etc.)” as strongly agree (61.60%), and “I give examples from daily life
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while teaching a topic” as strongly agree (66%). It can be derived from overall
preferences that within the dimension of instructional technique, the teachers
agree that using concrete materials (e.g., mathematical objects) during classroom
teaching helps them a lot; they prefer using group teaching methods (e.g.,
cooperative learning, think-pair-share etc.); on the other hand, they disagree that
they only use direct instruction; they agree that they try to use educational
technologies when teaching in-class; they feel the need to use different
questioning techniques (e.g., Why?, How? etc.); and they give examples from

daily life while teaching a topic.

Finally, they reflected their preference frequently on the items about
constructivism as follows: “I prefer using the constructivist approach techniques
when teaching (e.g., research, interpret and analyze information, improve the
thinking process etc.)” as strongly agree (49.70%), “I prefer designing a learning
environment that makes students think about the topic they work on” as strongly
agree (48%), “I use instructional techniques that require students to take
responsibility for their learning (e.g., demonstration, question-answer,
brainstorming, discussion)” as strongly agree (46.80%), and “I encourage
students to do research” as strongly agree (43.6%). It can be inferred from
overall preferences that within the dimension of constructivism, the teachers
agree that they prefer using the constructivist approach techniques when teaching
(e.g. research, interpret and analyze information, improve the thinking process
etc.); they prefer designing a learning environment that makes students think
about the topic they work on; they use instructional techniques that require
students to take responsibility for their learning (e.g. demonstration, question-
answer, brainstorming, discussion); and they encourage students to do research.
The statistical parameters for TMMESP-Q were illustrated in Table 4.18 (see.
Appendix Q).

The descriptives for TMMESPQ related to highest adverbs of frequency are
shown in Table 4.14 and 4.15.
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Table 4. 14. Item-Level Descriptives for 20 TM Items from TMMESP-Q

Scale Items for TM?

M

SD

fb

%

10.

I think there is no change in
the purpose of the curriculum.
| think there is no change in
the  philosophy of the
curriculum.

| have noticed the decrease in
the number of learning
outcomes.

| think the content of the
subject has been enriched.
Using concrete materials (e.g.
mathematical objects) during
classroom teaching helps me a
lot.

| prefer doing activities that
provide opportunities  for
student creativity.

I think there is no change in
the content of the
Mathematics resource books
of the Ministry of National
Education.

| prefer using the teacher's
handbook.

I change my in-class teaching
method to make my students
active.

| prefer using group teaching
methods (e.g. cooperative
learning, think-pair-share
etc.).

3.25

3.29

4.06

2.84

4.39

4.36

3.59

3.17

4.48

4.20

1.13

1.13

1.07

1.18

91

.82

1.22

1.22

71

.85

180

180

260

164

298

297

210

148

313

283

524

52.3

75.6

47.7

86.7

86.3

61

43

91

82.3

193



Table 4. 14. (continued)

Scale Items for TM? M SD f %
11. T design lessons that enable

my students to learn by 4.28 66 304 884

exploring mathematics

effectively.
12. T only use direct mstruction.

13 fﬁ’;ﬁﬁi‘;sl checkthe 7 s 301 75

141 trv to use educational
technologies when teaching
in-class.

15,1 prefer using the
constructivist approach
techmiques when teaching
(e.g. research, interpret and
analyze information, improve
the thinking process etc.).

16. I feel the need to use different
questioning techniques (e.g.
Why? How? etc.)

17. 1 give examples from daily _
life while teaching a topic. 4.64 56 328 954

18. T prefer designing a learning
environment  that  makes
students think about the topic
they work on_

> it vequie stodents to e 432 76 29686
responsibility for  their
learning (e.g. demonstration,
question-answer,
bramstorming, discussion).

20. 1 encourage students to do
research.

iThe 5-point response options were as follows: strongly disagree, disagree,
undecided, agree, strongly agree.

"Highest adverbs of frequency were calculated to show teachers™ tendency of
TM preferences.

2.10 1.10 243 70.5

433 79 301 875

441 .68 311 504

4.60 56 326 947

441 65 316 91.9

429 T3 258 B6.6

Moreover, item level descriptives for MES items from TMMESP-Q are shown in
Table 4.15.
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Table 4. 15. Item-Level Descriptives for 15 MES Items from TMMESP-Q

Scale Items for MES? M SD f %
1. I make changes in the
measurement  and evaluation 3-46 95 158 45.9

process compared to the previous
implementations.
2. | administer examinations based on

downloaded online sources (e.g. 299 122 172 50
forums, websites etc.).
3. | use measurement tools that
include multiple-choice items. 3.44 1.03 181 52.6
4. | use formative assessment to
measure course learning outcomes. 349 97 167 48.6

5. | prepare examinations that include
a mixture of multiple-choice and 3.70 1.09 217 63.1
short-answer items.

6. | ask problem-solving items related

to real life problems. 3.96 85 250 2.1
7. 1 use portfolio that will enable the

students  to  show  their 282 121 145 42.2

performances at the end of the

term.
8. 1apply quizzes. 3.67 1.07 198 57.6
9. | use open-ended items in my in-

class examinations. 3.97 93 253 73.5
10. I use the  question-answer

technique in my teaching. 4.27 68 304 88.4
11. | give students choice to choose

which item types they want to be 2-70 118 159 46.2

included in their examinations.

12. | prefer item types that require
students to use procedural skills in  3:76 .82 228 66.3
the examinations.

13. | choose item types that appear in
international examinations (such as 3.14 112 130 37.8
PISA, TIMSS) to enable students
to use their high-level cognitive
skills (e.g. metacognition,
awareness of thought).

14. 1 use open-ended and multiple-
choice items together in my in- 4.04 1.05 268 77.9
class examinations.

15. | determine the number of in-class
examinations to be administered 2-09 127 236 68.6
together with the students.

@The 5-point response options were as follows: never, seldom, sometimes, often, always
PHighest two adverbs of frequency were calculated to show teachers’ tendency of MES
preferences.
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Figure 4. 29. Teachers’ Preferences about Curriculum Design Dimension related
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Instructional Techniques
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to TMMESP-Q
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Finally, most of them reflected their preferences on the items of in-class teaching
assessment “I ask problem-solving items related to real life problems” as often
(44.80%), I use the question-answer technique in my teaching” as often
(50.30%), “I choose item types that appear in international examinations (such as
PISA, TIMSS) to enable students to use their high-level cognitive skills (e.g.
metacognition, awareness of thought)” as sometimes (32.60%) but often
(24.40%) and always (13.40%), and “I determine the number of in-class
examinations to be administered together with the students” as never (46.50%).
It can be reflected from overall preferences that within the dimension of in-class
teaching assessment, 52.6% of the teachers prefer to use measurement tools that
include multiple-choice items, 63.10% of them prefer to prepare examinations
that include a mixture of multiple-choice and short-answer items, 53.80% of
them [sometimes and seldom] prefer to use portfolio that will enable the students
to show their performances at the end of the term, 57.60% of them prefer to
apply quizzes, and 73.50% of them prefer to use open-ended items in my in-class

examinations.

When the TMMESP-Q was analyzed on the MES part (see. Figures 4.33-4.35),
the findings revealed that after the curriculum renovation the mathematics
teachers reflected their preference frequently on the items as follows: “I make
changes in the measurement and evaluation process compared to the previous
implementations” as sometimes (41.90%), “I administer examinations based on
downloaded online sources (e.g. forums, websites etc.)” as never (26.20%) and
seldom (23.80%), “I use formative assessment to measure course learning
outcomes” as sometimes (36%) and often (34.60%), “I give students choice to
choose which item types they want to be included in their examinations” as
seldom (28.80%) and sometimes (28.80%), “I prefer item types that require
students to use procedural skills in the examinations” as often (49.40%). It can
be reflected from overall preferences that within the dimension of general
measurement-evaluation process, the teachers’ tendency is sometimes to make
changes in the measurement and evaluation process compared to the previous

implementations, never or seldomly administer examinations based on
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downloaded online sources (e.g. forums, websites etc.), sometimes to use
formative assessment to measure course learning outcomes, often to prefer item

types that require students to use procedural skills in the examinations.

Moreover, most of the teachers reflected their preferences on the items of
question/assessment formats “I use measurement tools that include multiple-
choice items” as often (40.10%), “I prepare examinations that include a mixture
of multiple-choice and short-answer items” as often (37.80%), “I use portfolio
that will enable the students to show their performances at the end of the term”
as sometimes (27.90%) but seldom (25.90%), “I apply quizzes” as often (31.1%)
and “I use open-ended items in my in-class examinations” as often (42.40%). It
can be reflected from overall preferences that within the dimension of
assessment formats, 52.6% of the teachers prefer to use measurement tools that
include multiple-choice items, 63.10% of them prefer to prepare examinations
that include a mixture of multiple-choice and short-answer items, 53.80% of
them seldom or sometimes prefer to use portfolio that will enable the students to
show their performances at the end of the term, 57.60% of them prefer to apply
quizzes, and 73.50% of them prefer to use open-ended items in my in-class

examinations.
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General Measurement-Evaluation Process
0 50 100 150 200 250

1. I make changes in the measurement and evaluation process =

compared to the previous implementations.

2. I administer examinations based on downloaded online sources. [
4. T use formative assessment to measure course learning outcomes.
11. I give students choice to choose which item types they want to e

be included in their examinations.

12. 1 prefer item types that require students to use procedural skills -
in the examinations.

B Never M Seldom ™ Sometimes © Often M Always

300 350

( I

Figure 4. 33. Teachers’ Preferences about General Measurement-Evaluation

Process related to TMMESP-Q
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Question Format
0 50 100 150 200 250 300 350

3. I use measurement tools that include multiple-choice items. |
B O e itoms L | I
short-answer items.
7. I use portfolio that will enable the students to show their performances |
at the end of the term.
S Tapply quizzes. |
9 s opnended e n my inelss examinations. [
14. T use open-ended and multiple-choice items together in my in-class I|
examinations.

mNever mSeldom mSometimes = Often ® Always

Figure 4. 34. Teachers’ Preferences about Question Format related to

TMMESP-Q
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In-Class Assessment

6. I ask problem-solving items related to real life problems.

10. T use the question-answer technique in my teaching.

13. I choose item types that appear in international examinations (such as
PISA, TIMSS) to enable students to use their high-level cognitive skills.

15. I determine the number of in-class examinations to be administered
together with the students.

0 50 100 150 200 250 300 350

I7
|
l : . :

mNever mSeldom mSometimes = Often mAlways

Figure 4. 35. Teachers’ Preferences about In-class Assessment related to

TMMESP-Q

204



b. Results of TMMESP questionnaire

Mathematics teachers teaching method preferences and measurement-evaluation
strategy preferences were measured and evaluated by TMMESP questionnaire.

The findings related to TMMESP-Q were also yielded to statistical and
inferential aspects. The results were also evaluated with the inferential statistics
because related literature has revealed that some variables such as teachers’
gender, school type, seniority year (i.e., professional year), and educational level
(i.e., graduation program) were related with the teachers’ perceptions or

preferences (see Table 4.16 for descriptive statistics).

Table 4. 16. Descriptive Statistics of Teachers Gender, School Type, Seniority
Year, Educational Level

Characteristics TMotal® MESrota® TOTAL®
Gender f M(SD) f M(SD) f o Cumulat
0 . 0
ive %
Female 80.04 51.08 246 70.3 70.3
203 (6.27) 224 (6.70)
Male 93 77.47 99 51.27 103 294 99.7
(6.71) (7.13)
School type
Public 78.63 51.42 217 62 62
176 (678 206704
Private 80.14 50.77 132 37.7 99.7
109 (58p) 17 (5.26)
Seniority Year
Year <15 78.11 50.55
(8.19) (7.93)
Year >=15 80.27 51.15
(6.84) (6.68)
Educational
Level
Mathematics 78.71 51.49 233 66.6 67.0
education 203 (6.65) 220 (715
Arts and 93 80.47 102 50.51 115 329 100.0
sciences (5.96) (5.90)

The hypotheses were as follows:

Ho: pa - us = 0 or pa = ug meaning that there is no significant difference between

teachers’ teaching method and measurement-evaluation strategy preferences in
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total or subscales in terms of their gender, seniority year (i.e., professional year),

educational level, school type.

Hi: pa - ue # 0 or pa # pue meaning that there is a significant difference between
teachers’ teaching method and measurement-evaluation strategy preferences in
total or subscales in terms of their gender, seniority year (i.e., professional year),

educational level, school type.

First of all, assumptions of t-test statistics have been checked. Random sampling,
independent observation, normality assumptions were checked and found to be
non violated. By following homogeneity assumption through Levene’s Test
result, significance value is .98> .05. It depicts that we reject Ho, and
homogeneity of variance assumption has not been violated. Then equal variances

assumed line was followed to read t value.

An independent-samples t-test was used to compare the teachers’ teaching
method preferences in case of their gender (Table 4.17). The results indicated
that there was a statistically significant difference in teaching method
preferences total scores between female teachers (M = 79.36, SD = 7.98) and
male teachers (M = 77.07, SD =7.71); t (297) = 2.32, p < .05, r? = .02, two-tailed
test. Female teachers’ adoption after curriculum change was found to be higher
than male teachers. By reading mean difference, Cohen’s d = (Mean
Difference/SD) = (2.82)/ V15.69= 0.71. According to Cohen’s Standard’s (1988)
such as 0 < d < .20 = small effect; .20 < d < .80 = medium effect and d > .80 =
large effect, it is a medium effect due to the fact that 0.71 > .20. In addition, Eta
squared n= t¥/(t?+df) = (2.32)% (2.3224297) = 0.02. According to Cohen’s
Standard’s (1988) such as .01 = small effect, .06 = moderate effect and .15 =
large effect; it is a small to moderate effect due to the fact that .02 > .01. Also, it
can be interpreted that 2% of the variance in teaching method preferences is
explained by gender as male or female. Interestingly, the results indicated we fail

to reject Ho; there was not a statistically significant difference in measurement-
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evaluation strategy preferences total scores between male teachers (M = 51.34,
SD =7.70) and female teachers (M = 50.87, SD = 6.90); t (322) = -.55, p > .05.

Table 4. 17. Teaching Method Preferences of Teachers by Gender

Female Male
M SD M SD t(297) p  Cohen’s Eta
d squared
r2
Teaching 79.36 7.98 7707 771 232 .02 0.71 .02
method
preferences

total scores

Another independent-samples t-test was used to compare the teachers’ teaching
method preferences in case of their seniority years (Table 4.18). The results
indicated that there was a statistically significant difference in teaching method
preferences total scores between teachers whose seniority year is smaller than 15
(M =78.11, SD = 8.19) and those whose seniority year is bigger and equal to 15
(M = 80.27, SD = 6.84); t (296) = 2.05, p < .05, r? = .01, two-tailed test. The
teachers who has experienced in the profession more or equal to 15 years were
found to have higher teaching method preferences total score after curriculum
change than those who has experienced in the profession smaller than 15 years.
It can be inferred that the teachers who has at least 15 years in the profession
tended to prefer different constructivist teaching methods after curriculum
change and may become change agents in terms of teaching method preferences.
By reading mean difference, Cohen’s d = (Mean Difference/SD) = (2.16)/
\V15,03= 0.56. According to Cohen’s Standard’s (1988) such as 0 < d < .20 =
small effect; .20 < d < .80 = medium effect and d > .80 = large effect, it is a
medium effect due to the fact that 0.56 > .20. In addition, Eta squared n?=
t2/(t2+df) = (2.05)%/ (2.052+296) = 0.01. According to Cohen’s Standard’s (1988)
such as .01 = small effect, .06 = moderate effect and .15 = large effect; it is a
small effect due to the fact that .01 = .01. Also, it can be interpreted that 1% of
the variance in teaching method preferences is explained by seniority year.
Interestingly, the results indicated we fail to reject Ho; there was not a
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statistically  significant difference in measurement-evaluation strategy
preferences total scores between the teachers whose seniority year is bigger and
equal to 15 (M = 50.55, SD = 7.93) and those whose seniority year is smaller
than 15 (M =51.15, SD =6.86); t (321) = -.66, p > .05.

Table 4. 18. Teaching Method Preferences of Teachers by Seniority Year

Year <15 Year >=15
M SD M SD t(296) p Cohen’s Eta
d squared
r2
Teaching 78. 8.19 80.27 684 205 .04 0.56 .01
method 11

preferences total
scores

On the other hand, there was no statistically significant difference in teaching
method preferences total scores in terms of educational level and school type. In
other words, there was no statistically significant difference in teaching method
preferences total scores between the teachers who has been working in public
schools (M = 78.34, SD = 7.69) and those who has been working in private
schools (M = 79.14, SD = 8.35); t (298) = -.85, p > .05. There was no was a
statistically significant difference in teaching method preferences total scores
between the teachers who graduated from faculty of education (M = 78.17, SD =
7.93) and those who graduated from faculty of arts and sciences (M = 79.77, SD
=7.88); 1 (297) = -1.619, p > .05. Similarly, there was no statistically significant
difference in measurement-evaluation strategy preferences total scores between
the teachers who has been working in public schools (M =51.32, SD = 7.43) and
those who has been working in private schools (M = 50.48, SD = 6.60); t (323) =
1.204, p > .05. There was no was a statistically significant difference in
measurement-evaluation strategy preferences total scores between the teachers
who graduated from faculty of education (M = 51.27, SD = 7.35) and those who
graduated from faculty of arts and sciences (M = 50.60, SD = 6.58); t (221) =
.82, p > .05.
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Another independent-samples t-test was used to compare the subscales scores in
case of school type (Table 4.19). The results indicated that there was a
statistically significant difference in curriculum design scores between the
teachers working in public schools (M = 20.65, SD = 3.65) and the teachers
working in private schools (M = 19.29, SD = 3.40); t (320) = 3.40, p < .05, r? =
.01, two-tailed test. By reading mean difference, Cohen’s d = (Mean
Difference/SD) = (1.36)/ \6,78= 0.52. It is a medium effect. Eta squared n’=
t?/(t>+df) = (3.40)%/ (3.40°+320) = 0.03 meaning 3% of the variance in
curriculum design scores is explained by school type. Also, there was a
statistically significant difference in in-class assessment preferences scores
between the teachers working in public schools (M = 13.22, SD = 2.66) and the
teachers working in private schools (M = 13.87, SD = 2.00); t (337) =-2.30, p <
.05, r?2 = .02, two-tailed test. By reading mean difference, Cohen’s d = (Mean
Difference/SD) = (-.65)/ V4,66= 0.30. It is a medium effect. Eta squared n’=
t2/(t2+df) = (-2.39)%/ (-2.392+337) = 0.02 meaning 2% of the variance in in-class

assessment preference scores is explained by school type.

Table 4. 19. Descriptive Statistics of Subscales of TMMESP-Q Scores by
School Type

Public Private
M SD M SD  (320) p Cohen’s Eta
d squared
I,2
Curriculum 20.65 3.65 19.29 313 340 .001 0.52 .03
Design
General 16.92 2.29 1771 240 -299 .00 0.36 .03
Instruction
Constructivis  16.97 2.57 1783 249 -3.03 .00 0.38 .03
m
General 16.37 3.03 15.18 2.64 3.76 .00 0.50 .04
Measurement
-Evaluation
In-Class 13.22 2.66 13.87 2.00 -2.39 .003 0.30 .02
Assessment
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4.3. Results of Multimodal Phase: Neuroeducation

In the final phase of the current study, | aimed to examine the following research
questions: “How do middle school students reflect their metacognitive skills
(cognitive strategy and self-checking) and affective process (effort and worry)
levels of their responses to different item types? Is there a significant difference
between the amount of reflection of students’ metacognitive skill levels on their
responses to multiple-choice and open-ended items? 3.1) Is there a significant
difference between the amount of reflection of students’ cognitive strategy skill
levels on their responses to multiple-choice and open-ended items?, 3.2) Is there
a significant difference between the amount of reflection of students’ self-
checking skill levels on their responses to multiple-choice and open-ended
items?” and “4) What are students' reactions and responses to different types of
questions with respect to the requirement (active use) of different cognitive
strategies with the use of eye-tracker and biometric sensors including galvanic
skin response (GSR) and heart rate (HR)? 4.1) Is there a significant
difference between the amount of reflection of students’ affective process levels
on their responses to multiple-choice and open-ended items?, 4.2)Is  there a
significant difference between the amount of reflection of students’ worry levels
on their responses to multiple-choice and open-ended items?, 4.3)Is  there a
significant difference between the amount of reflection of students’ effort levels
on their responses to multiple-choice and open-ended items? ,4.4) Do total time
on task and gaze shifts have an impact on predicting rereading or not while

responding to items?”

4.3.1. Descriptive and inferential results for students’ metacognitive skills
and affective processes on their responses to multiple-choice and open-

ended items

The descriptive findings in Table 4.20 showed that the frequencies of students’
cognitive strategy skill levels on their responses to multiple-choice items were

slightly lower in number (f = 129, 26%) than those who were not able to reflect
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(f = 166, 34%). In addition, the frequencies of students’ self-checking skill
levels on their responses to multiple-choice items were 3 times more (f = 190,
29%) than those who were not able to reflect (f = 67, 10%). In other words, one
third of the fifth grade students’ ability to use their self-checking skills was
slightly higher (f = 190, 29%) than those to use their cognitive strategy skills (f =

129, 26%) on their responses to multiple-choice.

Table 4. 20. Frequency Distribution in terms of Metacognitive Skills by
Multiple-choice Items

Metacognitive skills fyes % fno %
Cognitive strategy 129 26 166 34
Self-checking 190 29 67 10
TOTAL 319 55 233 44

In other words, it can be inferred that the students who did not use cognitive
strategy skills may tend to use heuristic solution processes. If their confidence

level was low toward the solution, they tended to use self-checking skills.

The descriptive findings in Table 4.21 showed that the frequencies of fifth grade
students’ cognitive strategy skill levels on their responses to open-ended items
were slightly higher (f = 162, 33%) than those who were not able to reflect (f =
148, 30%). In addition, the frequencies of the students’ self-checking skill levels
on their responses to open-ended items were more than 3 times (f = 172, 26%)

than those who were not able to reflect (f = 53, 8%).

Table 4. 21. Frequency Distribution in terms of Metacognitive Skills by Open-
ended Items

Metacognitive subskills fres % fno %
Cognitive strategy 162 33 148 30
Self-checking 172 26 53 8

TOTAL 334 59 201 38
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In other words, more than one third indicated their tendency to use cognitive
strategy skills (f = 162, 33%) while three tenth indicated their tendency to use
their self-checking skills (f = 172, 26%) on their responses to open-ended. It can
be inferred that the students tended to use their cognitive strategy skills 1.3 times

more than self-checking skills while responding to open-ended items.

The descriptive findings in Table 4.22 shown below show that the frequencies of
the students’ cognitive strategy skill levels on their responses to open-ended
items were slightly higher (f = 162, 33%) than those on their responses to
multiple-choice items (f = 129, 26%). Moreover, the frequencies of students’
self-checking skill levels on their responses to multiple-choice items were
slightly higher (f = 190, 29%) than those on their responses to open-ended items
(f=172, 26%).

Table 4. 22. Frequency Distribution in terms of Metacognitive Skills by Item
Formats

Multiple-choice  Open-ended

Metacognitive subskills f % f %
Cognitive strategy YES 129 26 162 33
NO 166 34 148 30

TOTAL 295 60 310 63

Self-checking YES 190 29 172 26

NO 67 10 53 8
TOTAL 257 39 225 34

GRAND TOTAL YES 319 55 334 59
NO 233 44 201 38
TOTAL 552 99 535 97

In other words, nearly one third indicated their tendency for cognitive strategy
while more than one third did not on their responses to multiple-choice items.

More than one third indicated their tendency for cognitive strategy while one
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third did not on their responses to open-ended items. While more than one third
indicated their tendency for cognitive strategy on their responses to open-ended
items (f = 162, 33%), lower than one third did not on their responses to multiple-
choice items (f = 129, 26%). On the other hand, one third replied their tendency
for self-checking on their responses to multiple-choice (f = 190, 29%) while a bit
lower than one third replied their tendency for self-checking on their responses
to open-ended (f = 172, 26%).

The descriptive findings from grand total in Table 4.21 above showed that the
frequencies of students’ metacognitive skills on their responses to multiple-

choice items were similar (f = 319, 28%) to open-ended items (f = 334, 29%).

When the dependent variable is assessed at a nominal level, the Chi-square
statistic is a non-parametric (distribution free) technique used to analyze group
differences. Like all non-parametric statistics, the Chi-square is reliable
regardless of how the data are distributed. In particular, it does not require
homoscedasticity in the data or equality of variances between the research
groups. (McHugh, 2013). In the current study, due to the variables being coded
at nominal level, to see the difference and relationship between categorical
variables, the Chi-Square Test for Independence was included for further

inferential analysis.

Chi-Square Test for Independence was used to see the relationship between
metacognitive subskills and multiple-choice item types. Independent observation
and size of expected frequencies was met and assumptions were not violated.
The Chi-Square statistic results indicated there was a significant relationship
between metacognitive subskills and the solution of multiple-choice items, X?(1,
N = 32) = 258.84, p < .05. In multiple-choice items, while the students’ tendency
to use cognitive strategy skill decreases, the probability of their tendency to use
self-checking skills increases. Similarly, the Chi-Square statistic results indicated
there was a significant relationship between metacognitive sub skills and item

types within the solution of open-ended items, X?(1, N = 32) = 212.05, p < .05. In
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open-ended items, while the students’ tendency to use cognitive strategy skill
increases, the probability of their tendency to use self-checking skills also

increases.

Moreover, to investigate the differential effect of item types on metacognitive
skills, the Chi-Square Test for Independence was again examined to see the
difference between metacognitive skills by item types. There was a significant
difference between students’ metacognitive skills usability by item types, X?(1, N
= 32) = 179.45, p < .05. The students who were responding open-ended were
able to use metacognitive skills such as cognitive strategy more than those who

were responding multiple-choice.

Table 4. 23. Frequency Distribution in terms of Affective Processes

Affective Processes f %

Positive feelings (e.g., Excitement, good, easy, 126 39.13
happiness, comfort, confident, humor)

Negative feelings (e.g., worry, anxiety, stress, 85  26.40
difficulty, sadness, fear, afraid)

TOTAL 322 100

Note: Other frequencies were notr and not applicable.

The descriptive findings in Table 4.23 showed that fifth grade students’ affective
processes were independent variables. It included two levels in the study. They
aroused positive feelings such as feeling happiness, comfort and negative
feelings such as sad, regret. The frequencies of students’ positive feelings on
their responses to items were nearly 1.5 times more (f = 126, 39.13%) than the
frequencies of negative feelings on their responses to items (f = 84, 26.40%). In
other words, while two fifths indicated they aroused positive feelings toward the
items (f = 126, 39.13%), nearly one third indicated they aroused negative
feelings toward the items. To sum up, the findings revealed that the students

aroused positive feelings toward different item formats.
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Table 4. 24. Frequency Distribution in terms of Affective Processes by ltem
Types

Multiple- Open-ended
choice

Affective Processes f % f %

Positive feelings (e.g., excitement, good, 72 4444 58 35.37
easy, happiness, comfort, confident, fun)

Negative feelings (e.g., worry, anxiety, 35 21.60 45 27.44
stress, difficulty, sad, fear, afraid)

TOTAL 162 100 159 100

Note: Other frequencies were notr feeling and not applicable.

The descriptive findings in Table 4.24 showed the arousal of students’ positive
feelings toward multiple-choice items were two times more (f = 72, 44.44%)
than the arousal of negative feelings toward those items (f = 35, 21.60%).
Similarly, the arousal of students’ positive feelings on open-ended items were
nearly 1.3 times more (f = 58, 35.37%) than the arousal of negative feelings
toward these items (f = 45, 27.44%).

Nearly two fifths aroused positive feelings toward open-ended items (f = 58,
35.37%) whereas nearly half aroused positive feelings toward multiple-choice
items (f = 72, 44.44%). On the contrary, one fifth aroused negative feelings
toward multiple-choice (f = 35, 21.60%) whereas three tenth aroused negative

feelings toward open-ended items (f = 45, 27.44%).

To sum up, the descriptive findings revealed that the students aroused positive
feelings toward multiple-choice items and negative feelings toward open-ended
items. In addition to descriptive analysis, inferential analysis was conducted to
explore whether there was a significant relationship between item types and
affective processes, the Chi-Square statistics were held, and the results indicated
there was a marginally significant relationship between affective processes and
item types, X?(1, N = 32) = 54.92, p < .05. While the probability of the students’
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Table 4.25. (continued)

Ttems Revised Bloom’s  Revised Bloom’s i %
Knowledge Cognitive
Domain Domain
Boxes 16 50
Middle of boxes 8 25
Mixed areas (e.g., top&bottom, top&leftwall, top & 3 9.38
alternatives)
s e Procedural Evaluating
Wiz Sati MP3 Aknusuarian |
ﬂ I @®

Oya’nin yaniti yanh
asagidakilerden hal

va asagidaki hatalardan birini yapmistir. Oya’nin yaptig: hata

ki kere toplamistir.
klemeyi unutmustur.
son
oplamak yerine gikarmistir.

y

H#QE w D) Fiyatlardan

The price table

Question root

11

33.33

9.09
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Table 4.25. (continued)

Items Revised Bloom’s  Revised Bloom’s %
Knowledge Cogritive
Domain Domain
Price table and 248 9.09
Item 4 Conceptual Analyzing
Tonm Yandaki AB doru pargasi 3 metre
8 [roim wzunlugu temsil etmektedir.
\ Buna gore 150 santimetre uzunlugu temsil
Mg.ao.w parcasi asagidakilerden
5 \ ngisidir?
A) a8)
C) D)
1 \
Between question root and main shape 21.88
Main shape 18.75
Not Applicable (i.e., NA) 18.75
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Table 4.25. (continued)

Ttems Revised Bloom’s
Knowledge
Domain

Revised Bloom’s
Cognitive
Domain

Between question root, main shape and alternatives

A-B line

Question root

Item 5 Conceptual

Bir garaj Ureticisinin dretimini yaptigi “basit” garaj gesidi, sadece bir penceresi ve bir kapist
olan modelleri icermektedir. Gokhan, “basit” garaj cesitlerinden asagidaki modeli secmistir,
Pencerenin ve kapinin yeri asagida gosterilmektedir.

Asagidaki cizimler, farkh “basit” in arkadan gorint: ir. Bu
cizimlerden sadece bir tanesi Gokhan'in sectigi yukanidaki modeller aynidir.

Gbkhan'in sectigi model hangisidir? A, B, C ya da D segeneklerinden birini seginiz.

A
<

Applying

12.5

9.38

9.38
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Table 4.25. (continued)

Items Revised Bloom’s  Revised Bloom’s %
Knowledge Cognitive
Domain Domain

The house 15.63
The house and question root 15.63
The house and alternatives 15.63
Not Applicable (i.e., NA) 15.63
Question root 9.38
Windows 9.38
Door 9.38
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Table 4.25. (continued)

Ttems Revised Bloom’s  Revised Bloom’s if %
Knowledge Cognitive
Domain Domain
Item 6 Procedural Applying
Asagidaki sekilde yer alan kursun kalemin uzuniugu kag santimetredir?
g g
i
(=] — (=]
a T
o 183
5 B
Numbers 12 37.50
Decimals 10 31.25
Between decimals and alternatives 5 15.63
4 12.50

Not Applicable (1.e. NA)
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Table 4.25. (continued)

[tems

Revised Bloom's  Revised Bloom's

Knowledge

[tem 7

Fandihs pebd | gt ke s peic gore, hang

(5 ee e

Fraction of 2/3

Question root and alternatives

Question root and main shape

Altemative C

Question root

Altemative A-C

Conceptual

24.24

18.18

12.12

12.12

5.09

5.09
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Table 4.25. (continued)

Ttems Revised Bloom’s  Revised Bloom’s f %
Knowledge Cognitive
Domain Domain
Not Applicable (i.e. NA) 3 9.09
Item 8 Factual Applying
Asagidaki sayi Ove:
C
Buna gore sayi dogrusu Gzerinde 1 noktasini yerlestiriniz.
Fraction of 1/5 7 18.92
Not Applicable (i.e. NA) 7 18.92
Line between 0 and 1/5 6 16.22
Alternative D 6 16.22
Alternatives 3 8.11
Point 1 on the number line 3 8.11
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Table 4.25. (continued)

Items Revised Bloom’s  Revised Bloom'’s f %
Knowledge Cognitive
Domain Domain
Item 9 Procedural Applying
m”_w””_”__-mw_“ﬁ_n bir sirketin dért aylik kar miktan gosterlimistir. Sirketin dort aylik toplam

Grafik: Sirketin Dort Aylik Kar Miktan

A} 110000

B) 120000

€) 130000

D) 140000
Graph 17 53.13
Numbers on y axis 11 34.38
Item 10 Procedural Applying
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Ttems Revised Bloom’s  Revised Bloom’s f %

Knowledge Cognitive
Domain Domain
Numbers in question root 12 36.36
Question root 8 24.24
Not Applicable (i.e. NA) 5 15.15
Between question root and alternatives 5 15.15
Alternative A-C 3 9.09

Table 4.25. (continued)

Note: The categories in which frequencies were more than 2 were kept.
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According to the Areas of Interest (Table 4.25), also referred to as an Aol in an
eye-tracking system, the results showed that students’ Aol while responding to
Item 1 (Procedural, Applying) was numbers (f = 21, 65.63%), Item 2
(Conceptual, Analyzing) was the visual shape (f = 24, 70%), Item 3 (Procedural,
Evaluating) was the price table including numbers (f = 11, 33.33%), Item 4
(Conceptual, Analyzing) was the area between question root or the visual shape
and only visual shape (f = 13, 40.63%), Item 5 (Conceptual, Applying) was the
area between question root and the visual shape or only visual shape and
alternatives (f = 15, 46.89%), Item 6 (Procedural, Applying) was numbers or
decimals (f = 22, 68.75%), Item 7 (Conceptual, Analyzing) was the fraction of
% (f =8, 24.24%), Item 8 (Factual, Applying) was faction of ¥ (f = 7, 18.92%),
Item 9 (Procedural, Applying) was the graph as the visual shape (f = 17,
53.13%) and Item 10 (Procedural, Applying) was numbers (f = 12, 36.36%).

Hence, the students’ eye-tracking metrics on the ten items in terms of Aol
depicted that the students focused on the areas including “numbers” to which

they would use it in the solution process while responding to items.

The research hypothesis relying on the research question 4 was that “the
likelihood that 5™ grade middle school students’ rereading skill is related to their
gender, total time on task (i.e., time spent by the student) and gaze shifts (i.e.,
number of looking back and forth into the item). In this process, the outcome
variable was students’ rereading skill and predictors were gender having nominal
scale of measurement, total time on task and gaze shifts, each of which had ratio
scale of measurement. The outcome variable was categorical and dichotomous
(coded as 1: Yes, 0: No) so that it was binomial whereas the predictor variables
were categorical and dichotomous for gender but numerical and continuous

scores for total time on task and gaze shifts.

The research question 4.4 was “Do total time on task and gaze shifts have an
impact on predicting rereading or not while responding to items?” To answer this

question, Binomial Logistic Regression (Peng, Lee & Ingersoll, 2002) was
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conducted and fifth students participated in this process of the study where their
time on task was collected by my note taking and gaze shifts by eye-tracking
tools. Results indicated that of these 32 children, gender distribution was with 15
(46.9%) female and 17 (53.1%) male. The total time on task ranged from 0.51 to
15.57 minutes, with a mean of 4.07 minutes and standard deviation of 2.24
minutes. Gaze shifts ranged from 0 to 30, with a mean of 4.18 and standard
deviation of 4.35. Descriptives for rereading skills were 149 (46.6%) for using
and 63 (19.7%) for not while responding to a total of ten multiple-choice and

open-ended items.

The three-predictor binomial logistic model was fitted to the data to test the
research hypothesis regarding the relationship between likelihood of fifth grade
students’ rereading skill and their total time on task, gaze shifts and gender. The

results in Table 4.24 showed that:

the predicted logit of (REREADING) = .93 + (-.27)*TOTAL TIME + (-
35)*GAZESHIFT + (.70)*GENDER.

The findings indicated that the likelihood ratio test of the full model versus null
model (model with intercept only) was statistically significant, X? (4) = 54.25,
Nagelkerke R? = .33. In other words, the logistic model was more effective than
the null model. Using Wald’s statistic, total time on task variable was significant,
Wald’s X? = 5.82 with a df = 1. Gaze shifts variable was significant, Wald’s X? =
17.82 with a df = 1. Gender variable was significant, Wald’s X? = 3.80 with a df
= 1. According to the model, the log of the odds of a student using a rereading
sub-skill of cognitive strategy was negatively related to total time on task and
gaze shifts; and positively related to gender. In other words, higher number of
gaze-shifts and total time on task, less likely the student tends to use rereading
subskill. Each point increase on total time on task and gaze shifts was associated
with a decrease in the probability of rereading by a factor of .76 and .70
respectively. Given the same total time on task and gaze shifts, girls were less

likely to use rereading sub-skill than boys. The odds of a boy tended to use
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rereading sub-skill were 2.01 times greater than the odds for a girl. As an overall,
91% of occurrences (1) was correctly predicted while 49.2% of non-occurrences

(0) was correctly predicted in this model (see Table 4.26).

Table 4. 26. Logistic Regression Analysis of 32 Students’ Predictors for
Rereading Subskill

Predictor B SEofg  Wald df p Odds ratio
Constant .93 A7 3.98 1 .046 2.53
Gender (1- girl, 2-boy) .70 .36 3.80 1 .05 2.01
Total Time on the task (min.) =27 A1 5.82 1 .02 .76
Gaze shifts -35 .08 17.82 1 .00 .70

Note. Cox and Snell R? = .23. Nagelkerke R? = .33. All statistics reported herein were 2 decimal
places in order to maintain statistical precision.

4.3.2. Summary of multimodal phase: Neuroeducation with the middle

school students

The results of the current study revealed are in line with the hypotheses
formulated, Hi: there was a significant difference between the amount of
reflection of students’ cognitive strategy skill levels on their responses in favor
of open-ended items. In open-ended items, while the students’ tendency to use
cognitive strategy skill increases, the probability of their tendency to use self-
checking skills also increases. The 5" grade students tended to use cognitive
strategies more frequently in responding to open-ended items than in multiple-
choice items. There is a significant difference between the amount of reflection
of students’ self-checking skill levels on their responses in favor of open-ended
items. There was a significant difference between the amount of reflection of
students’ worry levels on their responses in favor of open-ended items. Students

aroused negative feelings toward open-ended items.
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Eye-tracker metric results triangulated the data and provided validity of the
findings that in terms of Area of Interest showed the students focused much on
the areas including “numbers” to which they would use it in the solution process
while responding to items. When the students began to answer an item, the Area
of Interest (Aol) (i.e., they focus at most on the items) was the question root of
that item. However, while responding to the items, their Aol were usually
“figures” and “numerical information.” One of the significant cognitive strategy
sub-skills was rereading. The students’ tendency of rereading was significantly

predicted by their total time spent in the process, gaze shifts and gender.

It might be a reason related to using rereading sub-skill appropriately under
cognitive strategy skill that the students may tend to focus on the items deeply
and read the question root and related area of interest without diverging gaze
shifts too much.

a. Middle school participants analysis from think-aloud process,
problem-solving steps with hand-writing analysis, eye-tracking and GSR

values

Fifth grade students (N = 32) were the participants in neuroeducation process
whose 53% were male and 47% were female. The following parts synthesize
their responses to questions, and analysis of their Thinkaloud process, problem-
solving steps, eye-tracking and GSR values. In addition, how the analysis was
conducted by the researcher and co-coder were illuminated and remarked in

brackets in case of disagreements between co-coders.
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Table 4. 27. Students Performance on Item | Difficulty Measures

Item
| _d|ff|culty Item difficulty index from think- Students’
tem 1 index from
- aloud responses
item
analysis
Easy Moderate Difficult True False
.84 (Easy) 90.6% 9.4% - 84.4%  15.6%
Low Middle High
Cognitive
strategy (e.g., X
rereading)
Self-checking
skills (e.g., X
finding errors)
Worry X
Effort X

Students’ performance on item | related to multimodal data (Procedural,
Applying). Most of the students (n = 27) responded the item correctly. The item
difficulty analysis overlaps with the students think-aloud responses that found to
be easy. Arousal levels relying on EDA values from GSR (65.6%) was also
coincided with students’ feelings during think-aloud. The students tend to use
low metacognitive skills. While responding, they tend to use one solution step
such that question root, subtraction, operation were the solution steps used to
organize knowledge given in the item. Students tend to look back and forth once
or two times. According to the co-coder’s coding, the first participant looked
back 3 times. According to my coding, the first participant looked back 4 times
[disagreement between co-coders]. No information was obtained about
concentration. According to the co-coder’s coding, the first participant made a
low effort. According to me, no information was obtained from the first
participant [disagreement between co-coders]. The table 4.27 provides a

visualization of item |I.
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Table 4. 28. Students Performance on Item Il Difficulty Measures

Item
| .d|ff|culty Item difficulty index from think- Students’
tem 2 index from
. aloud responses
item
analysis
Easy Moderate  Difficult True False
.88 (Easy)  81.3% 18.8% - 87.5% 125
%
Low Middle High
Cognitive strategy
. X
(e.g., rereading)
Self-checking
skills (e.g., X
finding errors)
Worry X
Effort X

Students’ performance on item Il related to multimodal data (Conceptual,
Analyzing). Most of the students (n = 28) responded the item correctly. The item
difficulty analysis overlaps with the students think-aloud responses that found to
be easy. Arousal levels relying on EDA values from GSR (59.4%) was also
coincided with students’ feelings during think-aloud. The students tend to use
low metacognitive skills. While responding, they tend to use mostly one solution
step such that question root, shape, counting, imagination, re-reading, operation,
trying to understand, using different roads to organize knowledge. Students tend
to look back and forth once or three times. They responded they felt high
confidence level and less worry. According to the co-coder’s coding, the first
participant felt comfort, according to me, there was no anxiety for the first
participant [disagreement between co-coders]. Second participant was a little
uncomfortable and controlled. The third participant was confident. They did not
show the sign of giving up that most of them kept perseverence. The table 4.28

provides a visualization of item II.
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Table 4. 29. Students Performance on item Il Difficulty Measures

Item
It difficulty Item difficulty index from think- Students’
em 3 .
index from aloud responses
item analysis
Easy Moderate  Difficult True False
0.22 (Hard)  21.9% 31.3% 46.9% 21.9% 62.5%
Low Middle High
Cognitive
strategy  (e.g., X
rereading)
Self-checking
skills (e.g., X
finding errors)
Worry X
Effort X

Students’ performance on item |1l related to multimodal data (Procedural,
Evaluating). Most of the students (n = 20) responded the item incorrectly. The
item difficulty analysis overlaps with the students think-aloud responses that
found to be very difficult. Arousal levels relying on EDA values from GSR
(43.8%) was also coincided with students’ feelings during think-aloud. The
students tend to use high metacognitive skills. While responding, they tend to
use cognitive strategies such as question root, shape, guessing, operation,
alternatives, read aloud were used to organize knowledge. Students tend to look
back and forth at least four times. They responded they felt low confidence level
but low worry. According to the co-coder’s coding, no information was obtained
from the first participant, according to me, First participant read the question
again [disagreement between co-coders]. According to the co-coder’s coding, the
first participant looked back 9 times, according to me, the first participant looked
back 11 times [disagreement between co-coders]. Participants with low self-
confidence felt worried and unconfident. Participants with high self-confidence
felt comfortable and calming. The participant, who was moderate confident, had
a trembling voice and felt stressed. Some of them (n = 13) said to think giving up

due to low perseverence. The table 4.29 provides a visualization of item I11.
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Table 4. 30. Students Performance on Item IV Difficulty Measures

Item
It difficulty Item difficulty index from think- Students’
em 4 .
index from aloud responses
item analysis
Easy Mogerat D|ff[|cul True False
053 37.5% - 375% 531% 313%
(Medium) ' ' ' '
Low Middle High
Cognitive
strategy  (e.g., X
rereading)
Self-checking
skills (e.9., X
finding errors)
Worry X
Effort X X X

Students’ performance on item IV related to multimodal data (Conceptual,
Analyzing). Half of the students (n = 17) responded the item correctly and half
did incorrectly (n = 10). The item difficulty analysis did not exactly overlap with
the students think-aloud responses that half (n = 12) evaluated as easy whereas
half (n = 12) evaluated as difficult. Arousal levels relying on EDA values from
GSR (56.3%) was also coincided with students’ feelings during think-aloud. The
students tend to use “low” to “moderate” metacognitive skills. While responding,
they tend to use cognitive strategies such as question root, transformation,
subtraction, counting, re-expression, eliminating, and ratio were used to organize
knowledge. Students tend to look back and forth four or five times. The students’
feelings were fluctuated that both negative and positive feelings detected.
Moreover, the students’ effort was also varied into low, middle and high.
According to the co-coder’s coding, the first participant used two solution
methods, according to me, the students used three solution methods
[disagreement between co-coders]. Also, the co-coder’s coding, no answer was
received from the first participant, according to me, the first participant read the
question again [disagreement between co-coders]. In addition, the co-coder’s
coding, the first participant did not feel any negative emotion, according to me,
the first participant was comfortable [disagreement between co-coders]. Fourth
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student was comfortable due to alternatives whereas third one was excited and
anxious. No answer was received about concentration. The table 4.30 provides a

visualization of item IV.

Table 4. 31. Students Performance on Item V Difficulty Measures

Item
'd|ff|culty Item difficulty index from think- Students’
Item 5 index from
; aloud responses
item
analysis
Easy Moderate Difficult  True False
0.31
(Nearly 71.9% 21.9% 6.3% 31.3% 68.8%
difficult)
Low Middle High
Cognitive
strategy  (e.g., X
rereading)
Self-checking
skills (e.g., X
finding errors)
Worry X
Effort X X

Students’ performance on item V related to multimodal data (Conceptual,
Applying). Most of the students (n = 22) responded the item incorrectly. The
item difficulty analysis found to be nonsimilar with the students think-aloud
responses that many of them (n = 23) evaluated the item as easy. Arousal levels
relying on EDA values from GSR (68.8%) was also coincided with students’
feelings during think-aloud. The students tend to use “low” metacognitive skills
(62.5%). Rereading subskills were used moderately whilst self-checking was
done low frequency. While responding, they tend to use cognitive strategies such
as such as rereading question root, imagination, analyzing shape, perspective,
going over alternatives were used to organize knowledge. Nearly all of the
students did not tend to look back or once. Nevertheless, those who were looking
back and forth implied four or six times. Near half (43.8%) felt positive while
responding. Moreover, the students’ effort was found to be between “low” to

“middle.” According to the co-coder’s coding, the first participant looked back 5
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times, according to me, the first participant looked back once [disagreement
between co-coders]. Some students had high self-confidence while few of them
felt comfortable due to alternatives, some were neutral. The table 4.31 provides a

visualization of item V.

Table 4. 32. Students Performance on Item VI Difficulty Measures

Item
om & ig&g}'f]‘c‘r'% ltem difficulty index from think- Students’
; aloud responses
item
analysis
Easy Moderate Difficult  True False
0.38
(Nearly 68.8% 21.9% 9.4% 37.5% 62.5%
difficult)
Low Middle High
Cognitive
strategy (e.g., X
rereading)
Self-checking
skills (e.g., X
finding errors)
Worry X
Effort X

Students’ performance on item VI related to multimodal data (Procedural,
Applying). Most of the students (n = 20) responded the item incorrectly. The
item difficulty analysis found to be nonsimilar with the students think-aloud
responses that many of them (n = 22) evaluated the item as easy. Arousal levels
relying on EDA values from GSR (71.9%) was also coincided with students’
feelings during think-aloud. The students tend to use “moderate” metacognitive
skills (62.5%). Rereading subskills were used very low frequency whilst self-
checking subskills mostly preferred to be used. While responding, they tend to
use cognitive strategies, for instance, elimination, transformation, guessing,
rereading question root, analysis of shape, addition, and transformation were
used to organize knowledge. Half of the students (50%) tended to look back and
forth once, three or four times. One third showed arousal of positive feelings

(31%) while other one third showed of negative feelings (34%). So, the students
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tended to feel low level of worry. Moreover, the students’ effort was found to be
“low.” According to the co-coder’s coding, the first participant looked back 7
times, according to me, the first participant looked back 2 times [disagreement
between co-coders]. According to me, the first participant found an error,
according to the co-coder’s coding, no answer was received from the first
participant [disagreement between co-coders]. According to the co-coder’s
coding, the first participant had high self-confidence, according to me, no answer
was received from the first participant [disagreement between co-coders]. All in
all, they tend to respond the item via one solution process. The table 4.32

provides a visualization of item VI.

Table 4. 33. Students Performance on Item VI Difficulty Measures

Item
I difficulty Item difficulty index from think- Students’
tem 7 .
index from aloud responses
item analysis
Easy Moderate Difficult  True False
0.25 (Hard) 37.5% 31.3% 31.3% 25%  62.5%
Low Middle  High
Cognitive
strategy  (e.g., X
rereading)
Self-checking
skills (e.g., X
finding errors)
Worry X
Effort X

Students’ performance on item VII related to multimodal data (Conceptual,
Analyzing). All participants found this question challenging. Most of the
students (n = 20) responded the item incorrectly. The item difficulty analysis was
not found to be similar with the students think-aloud responses. Students answers
during think-aloud oscillated that they found the item easy, moderate, and
difficult even though item difficulty indicated as a hard item. Arousal levels
relying on EDA values from GSR (59.4%) was also coincided with students’
feelings during think-aloud. The students tend to use “low” (66%) to “moderate”

metacognitive skills (16%). Cognitive stratgey subskills preferred to be used in
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high amount whilst self-checking subskills preferred in moderate amount. While
responding, they tend to use cognitive strategies, for instance, rereading question
root, drawing, expansion, analysis from question root to shape, simplification, re-
interpretation, elimination, part whole relationship, understanding question,
drawing 3 different ways, expanding fraction, were used to organize knowledge.
More than half of the students (63%) tended to look back and forth once, four or
seven times. One fifth showed arousal of positive feelings (22%) while others
showed of negative feelings (41%). So, the students tended to arouse moderate
level of worry. Moreover, the students’ effort was found to be “moderate” as
well due to the challenging item. According to me, the first participant did not
check its answer, according to the co-coder, no answer was received from the
first participant [disagreement between co-coders]. According to me, no answer
was received from the first participant [disagreement between co-coders].
According to the co-coder’s coding, asking questions to stay on track was coded
as “yes” for the last participant, according to me, asking questions to stay on
track was coded as “not applicable” for the fourth participant. According to me,
the first participant had high self-confidence, however, according to the co-
coder’s coding, no answer was received from the first participant [disagreement

between co-coders]. The table 4.33 provides a visualization of item VII.

Table 4. 34. Students Performance on Item VIII Difficulty Measures

Item
_dlfflculty Item difficulty index from think- Students’
Item 8 index from
; aloud responses
item
analysis
Easy Moderate Difficult  True False
(Mgfiim) 68.8%  25%  63%  53%  47%
Low Middle High
Cognitive
strategy  (e.g., X
rereading)
Self-checking
skills (e.g., X
finding errors)
Worry X
Effort X X X
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Students’ performance on item VIII related to multimodal data (Factual,
Applying). Half of the students found this question moderately challenging.
Nearly half of the students (n = 17) responded the item correctly. The item
difficulty analysis was not found to be similar with the students think-aloud
responses. Students answers during think-aloud oscillated that they found the
item generally easy even though item difficulty index indicated as medium item.
Arousal levels relying on EDA values from GSR (59.4%) was also coincided
with students’ feelings during think-aloud. 44% of them (n = 14) was feeling
positive whereas 22% of them (n = 7) was feeling negative toward the solution
process. The students tend to use “low” (38%) metacognitive skills in which they
tend to show low cognitive strategy subskills whilst moderate self-cheking
subskills. Cognitive strategies such as rereading question root, analysis of
shapes, going over alternatives, drawing, drawing 1/5 piece of whole, counting,
were used to organize knowledge. The effort spent by the students was found to
be fluctuated from low (n = 12, 37.5%) to high (n = 8, 25%). According to the
co-coder’s coding, the first participant looked back 4 times, according to me, the
participant looked back 3 times [disagreement between co-coders]. Other
participants looked back 3 times and 6 times. According to the co-coder’s
coding, asking question to stay on track was coded as “not applicable” for the
first participant, according to me, asking a question to stay on track was coded as
“valid” for the first participant [disagreement between co-coders]. The table
4.34 provides a visualization of item VIII.
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Table 4. 35. Students Performance on Item IX Difficulty Measures

Item
ltem 9 d'if;'g;ity Item difficulty index from think- Students’
. ; aloud responses
rom item
analysis
Easy Moderate Difficult  True False
078~ 7819%  156%  63%  78%  22%
(Easy)
Low Middle High
Cognitive
strategy (e.g., X
rereading)
Self-
checking
skills  (e.g., X
finding
errors)
Worry X
Effort X

Students’ performance on item IX related to multimodal data (Procedural,
Applying). Most of the students found this question very easy. Similarly, 78%
of the students (n = 25) responded the item correctly. The item difficulty analysis
was not found to be similar with the students think-aloud responses. Students
answers during think-aloud declared that they found the item generally easy as
well as item difficulty index indicated as an easy item. Arousal levels relying on
EDA values from GSR (71.9%) was also agreed with students feelings during
think-aloud. Half of them (n = 16) was feeling positive toward the solution
process. The students tend to use “high” metacognitive skills in which they tend
to show high cognitive strategy subskills and moderate self-cheking subskills.
Nearly all of the students tended to look back and forth once to five times.
Cognitive strategies such as questioning the shape, rereading question root,
operation, sorting, addition, analysis of questin root to shape were used to
organize knowledge. According to the co-coder’s coding, the first participant did
not re-express the question. On the other hand, according to me, no answer was
received from the first participant [disagreement between co-coders]. The table

4.35 provides a visualization of item IX.
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Table 4. 36. Students Performance on Item X Difficulty Measures

Item

ltemn 10 d'ifrfl'dcéj)lty Item difficulty index from think- Students’
f . aloud responses
rom item
analysis

Easy Moderate Difficult ~ True False

0.75 75%  188%  63%  75%  25%
(Easy)
Low Middle High

Cognitive

strategy (e.g., X

rereading)

Self-

checking

skills  (e.g., X

finding

errors)

Worry X

Effort X X

Students’ performance on item X related to multimodal data (Procedural,
Applying). Most of the students found this question easy. Similarly, 75% of the
students (n = 24) responded the item correctly. The item difficulty analysis was
totally found to be similar with the students think-aloud responses and responses.
Students answers during think-aloud declared that they found the item generally
easy as well as item difficulty index indicated as an easy item. Arousal levels
relying on EDA values from GSR (53%) was also agreed with students’ feelings
during think-aloud. Half of them (n = 16) was feeling positive toward the
solution process. The students tend to use “moderate” metacognitive skills in
which they tend to show high cognitive strategy subskills and moderate self-
cheking subskills. Some of the students tended to look back and forth once to
three times. Cognitive strategies such as basic operations, analyis of alternatives,
using numbers, rereading question root were used to organize knowledge.
According to the co-coder’s coding, the first participant used two solution
methods, whereas according to me, the first participant used one solution method
[disagreement between co-coders]. According to me, the first participant did not
re-express the question, on the other hand, according to the co-coder’s coding, no

answer was received from one participant [disagreement between co-coders].
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Moreover, in line with the co-coder’s coding, the first participant was calm and
confident, however, according to me, the first participant was neutral and
comfortable [disagreement between co-coders]. The table 4.36 provides a

visualization of item X.

b. Sample heat map figures from eye-tracking analysis related to
students achievement

The below figures (Figure 4.36 — Figure 4.49) depicted the heap maps from
student participants. The students, who responded the item | correctly and
incorrectly, smooth gaze movements were found to be on the question root as in
Figure 4.36 and 4.37.

1. Ali kedisinin agmm‘
ce kendisi tartlh e

Figure 4. 36. Heatmap from a successful student at item | who gaze shifting on
question root
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Figure 4. 37. Heatmap from an unsuccessful student at item | who gaze shifting
on question root

The student’s, who responded the item II correctly, smooth gaze movements
were on the top of the given shape (see Figure 4.38) whereas the student’s, who
responded the item Il incorrectly, smooth gaze movements were on the middle of

the given shape (see Figure 4.39).

Figure 4. 38. Heatmap from a successful student who gaze shifting on the top of
the shape
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Figure 4. 39. Heatmap from an unsuccessful student who gaze shifting on the
middle of the shape

The student’s, who responded the item III correctly, smooth gaze movements
were on the given number settle at the bottom of the screen (see Figure 4.40)
whereas the student’s, who responded the item III incorrectly, smooth gaze

movements were on the upper middle unit of given accessories (see Figure 4.41).

)

Figure 4. 40. Heatmap from a successful student who gaze shifting on the given
total number
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Figure 4. 41. Heatmap from an unsuccessful student who gaze shifting on the
upper middle unit

The student’s, who responded the item X correctly, smooth gaze movements
were on the question root (see Figure 4.42) whereas the student’s, who
responded the item X incorrectly, smooth gaze movements were on the options
(see Figure 4.43).

Bir k@,sada?lma
24 fazla elma varda

1 gore 833 guvald:

Figure 4. 42. Heatmap from a successful student who gaze shifting on the
question root
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Figure 4. 43. Heatmap from a successful student who gaze shifting on an option

The gaze movement mean of the students who responded the item IV correctly
(see Figure 4.44) differed from those who responded the item IV incorrectly (see
Figure 4.45). (Item 1V was a moderate difficulty item)

Figure 4. 44. Heatmap mean of the successful students who were gaze shifting
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Figure 4. 45. Heatmap mean of the unsuccessful students who were gaze
shifting

The gaze movement mean of the students from Group 1 who responded the item
Il correctly (see Figure 4.46) differed from the students from Group 1 who
responded the item Il incorrectly (see Figure 4.47). Heat maps variability of

unsuccessful students were shown more scattered than the other (Item 111 was a
hard OE item).

246



Soru 3.

Hopariér

@9

Oya hesap makinesi ile MP3 calar, kulaklik ve hoparloriin fiyatini
toplamustir.
Elde ettigi sonug 248°dir.

Oya’nin yanit1 yanlistir. Oya sence

11‘lmta yapmustir?

Figure 4. 46. Heatmap mean of the successful students who were gaze shifting
from Group 1

Oya’nin yanit1 yanligms Oy

Figure 4. 47. Heatmap mean of the unsuccessful students who were gaze
shifting from Group 1

The gaze movement mean of the students from Group 2 who responded the item
Il correctly (see Figure 4.48) differed from the students from Group 1 who

responded the item Il incorrectly (see Figure 4.49). Heat maps variability of
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successful students were shown generally on options and given shapes whereas

others on question root and given shapes (Item 111 was a hard MC item).

Soru 3.

Hoparlér
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Figure 4. 48. Heatmap mean of the successful students who were gaze shifting
from Group 2

Hoparlor

Figure 4. 49. Heatmap mean of the unsuccessful students who were gaze
shifting from Group 2

248



4.4. Results of Modeling a Deep Data System for Metacognitive and

Affective Processes

In this section, based on all the thesis deep data, my theoretical perspective on
expert systems design (i.e., deep data modeling) from the perspective of an
educational scientist was shared. The deep data modeling that | have been
reached was concluded by summarizing the whole picture (explore Figure 4.51).

In recent years, the value of data has been increasing, and there are phrases such
as “data is a new oil”. IBM, which was introduced as the first admiral ship of the
U.S.A in the world of informatics, started to talk about the most important data,
not big data, but “deep data” (Tiirkoglu, 2021). As a matter of fact, in this study,
32 student data were studied, and results were obtained as a result of deep data
and their analysis. The study once again revealed the importance of deep data. It
is known that scientists, computer programmers, and cognitive scientists need to
train systems while designing intelligent systems. If this system data is collected
from real human data and the system is trained in this context, then its authentic
effect will gain importance. IBM has determined that "humanity today can only
‘capture’ one percent of the possible dataset that has emerged; the remainder it

believes is at depths that humans have yet to reach."

According to the model design that emerged from this study, the necessity of
designing systems that increase human-computer interaction for students has
emerged. Thus: 1) A good deep data-based design is without a good
understanding of people, 2) It is important that the question levels are determined
by experts and taught to the system. 3) Recognizing the stress of students during
question solving (especially when solving open-ended questions) and giving
suggestions to reduce the stress level quickly, 4) When the student gives wrong
answers, the question level can be lowered (from higher-order to lower-order), 5)
The system receives feedback from the student and revises the content. 6) It can
give personalized automated reports, 7) However, in the good design of these
systems, the problems being pre-defined will make things easier. 8) Other data

not used in this study can also be collected, as an illustration, EEG, fNIRS 3D
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brain scanning data, genetic biomarkers (Ahmad et al., 2011) from students and
in-depth research on engagement. Within the scope of this study, data collection
on cognitive load, dwell time, pupil dilation, self-explanation, and other
emotional constructs, for which I could not reach deep data in the limited time
intervals, may be good in terms of shedding light on future studies.

At best, five years for all these designs to develop with common sense and

interdisciplinary approaches; it has been learned and foresighted from the studies

in the world that it takes 20-30 years to reach the level that the society can reach.
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CHAPTER 5

DISCUSSION AND CONCLUSION

This mixed-methods multimodal research study produces value-added findings
with regards to Turkish middle school mathematics teachers’ response to
curriculum change through an ecological approach, their preferences on teaching
method and measurement-evaluation strategy after curriculum change, and 5%
grade students’ reactions and responses to different innovative item types via
metacognitive skills and affective processes. The critical findings of this study

are discussed in this chapter.

5.1. Teachers’ Agency on Teaching Method and Assessment after

Curriculum Change

The present study investigated middle school mathematics teachers’ response to
curriculum change through an ecological approach and 5" grade students’
reactions and responses to different types of item formats with respect to
metacognitive skills and affective processes utilizing an eye-tracking tool. Prior
to data collection, it was hypothesized that after the curriculum change, teachers
would be more adaptable and act as agents of change during enactment of
preparation of in-class authentic assessment items, teaching method and
measurement and evaluation preferences. Also, it was hypothesized that the
curriculum change would promote mathematics teachers’ adoption of dynamic
and active teaching methods in the classroom, and use of more authentic,
formative assessment techniques. With respect to the first research question, it
was found that the middle school mathematics teachers generally tended to use
traditional objective testing. Their authentic teacher-made items were
periodically found to be developed in line with the procedural level of

knowledge and to some extent conceptual, some factual, and rarely
252



metacognitive. It was also found that half of the items were developed in line
with “applying” the cognitive process dimension within the context of the
Revised Bloom’s Taxonomy. No teacher used the “creating” level of the
cognitive process dimension. Accompanying this taxonomy, the authentic
teacher-made items were identified in line with the TIMSS Framework and the
complementary findings show that those items mostly contributed to the
development of a very basic cognitive level equal to knowing the level of the
framework. The document analysis of learning outcomes in the 5th-grade
national mathematics curriculum was found to be related with one-fifth HoTs
whereas four-fifths were found to be related with LoTs. To conclude, the
findings reveal that curriculum change did not lead to full renewal of teacher

practices.

Similar findings were also reported by Delil and Ozcan (2019), Grant and Gareis
(2015), Hartel and Strimel (2019), incecam et al. (2018), Khan and Inamullah
(2011), McREL International (2017), Ozcan and Delil (2018), and Tofade,
Elsner and Haines (2013). For instance, Ozcan and Delil (2018) show that most
of the items they analyzed were compatible with the mathematics learning
outcomes, some were intended to measure multiple outcomes at the same time.
In line with their results, the curriculum change was not reflected at that time;
some mathematics teachers’ learning and teaching process and mathematics
curriculum were not inspected by those teachers before its implementation.
Similarly, following the analysis on the examination items related to measuring
the amount of LoTs and HoTs, the findings reveal mathematics teachers’
tendency toward the preparation of examination items as LoTs, as declared by
Haynes (1935, as cited in Khan & Inamullah, 2011; Gall, 1970) and Lee (2015)
and the McREL International (2017). The study offers both a national and
international perspective and states that teachers still prepare the items mostly
based on LoTs rather than HoTs. In addition, the fact that the teachers mostly
tended to ask LoT questions over HoTs supports earlier studies on the estimation
that 70 to 80% of all items required the simple recall of facts (i.e. LoT items),

while only 20 to 30% required the HoT items which triggered thought processes
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of clarifying, generalizing, and making inferences from the items (Haynes, 1935,
as cited in Khan & Inamullah, 2011; Gall, 1970). Gall’s (1970) findings show
that teachers tended to prepare items having 60% recall, 20% procedural, and
20% thought provoking. Additionally, Lee (2015) reveals that 79% of the total
items asked were lower-order questions whereas only 5% were targeted to

measure higher-order items.

Research studies (e.g., Hartell & Stimel, 2019; Solanki & Evans, 2020) have
discussed how higher-order questioning in examinations, testing or in-class
assessment promotes learners’ deeper learning. Therefore, teachers should
provide better opportunities and teaching-learning experiences for their students
and better awareness, ability and effort to assess their higher-order knowledge or
thinking skills. In the current study, 19.1% of the items measured HoT whereas
80.8% measured LoT. Although, as Hynes (1935) claims, 20% of the items
should be HoT for a satisfactory approach to assessment, there is no general
acceptance of this among educational evaluators. The central idea is that teachers
should have a desire, feel responsibility and experience in item analysis before
implementation, and have experience with different types of measurement and
evaluation strategies other than testing and should be open to such experiences.
They may frequently need professional support to design appropriate learning

activities, as well as assessment procedures, but not limited to tests.

This study suggests that some mathematics teachers working in private schools,
and who have received theory-based training in curriculum development and
assessment in cooperation with a faculty of education, were found to develop
their deep knowledge and experience in preparing authentic in-class
examinations and to increase the quality of HoT in their examinations. However,
this exceptional result was seen only in one private school. However,
mathematics teachers still tend to prepare authentic teacher-made mathematics
items at the basic taxonomic levels as in the year 2021. It has been determined
that the curriculum change has not as yet provided a vision-enlighten ‘“aha

moment” with which they develop these skills. Understanding the taxonomy of
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items (e.g., Revised Bloom’s Taxonomy, TIMSS Framework) and best practice
strategies on how to prepare examination items for students’ deeper learning may
help middle school mathematics teachers formulate a wider range of items that
not only stimulate factual knowledge and recall skills but also necessitate
students to trigger the use of metacognitive knowledge and evaluating skills.

Consistent with the literature, teachers' questioning skills and practices were
fairly consistent, as Gall (1970) suggests and as has been evidenced by other
studies, and the quality of item preparation is a practice that gains value with
teachers’ experience rather than their beliefs. Studies (e.g., Hartell & Stimel,
2019; Delil & Ozcan, 2019; Ozcan & Delil, 2018) also propose that teachers can
prepare well-crafted and HoT items as they gain experience on this topic. Hence,
mathematics teachers need to progress and develop an identity beyond “teacher

as a professional question marker” (Gall, 1970).

5.2. Association of Teachers’ Teaching Method and Measurement-

Evaluation Strategy Preferences between Some Variables

The findings of this study regarding mathematics teachers’ teaching method and
assessment preference changes after policy change are also in accordance with
earlier observations, which shows that middle school mathematics teachers
percieve no specific change in the foundations of the curriculum (i.e. philosophy,
purpose, content) after the curriculum policy change. The teachers prefer doing
activities that provide opportunities for student creativity, to change their in-class
teaching method to make their students active while checking students’
readiness. Considering instructional techniques, teachers tend to prefer using
more constructivist approaches such as using concrete materials, group teaching
methods, educational technologies during in-class teaching, and different
questioning techniques. It was further observed that the teachers may have
believed that after the curriculum policy change, they needed to make some
changes in their teaching method and apply what they learned from the maths

curriculum. Hence, similar to the literature, in the Turkish context, renewal of
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curricula does not necessarily translate into the renewal of teacher behaviors in
the classroom, as agreed by Biimen, Cakar and Yildiz (2014), Oztiirk (2012), and
Yasar (2012). Teacher preferences are associated with different networks and
variables. For example, factors such as teacher beliefs, having positive beliefs
about new reforms, openness to professional development, whether or not they
set their professional plans (Zhang & Shen, 2012), taking part in the curriculum
development process, and number of years of experience seem to affect the
network of these relationships. Having inadequate knowledge about the
relationship between curriculum and instruction may affect their vision about
teaching method and assessment preferences, which concurs with Kerkez’s
(2018) study (see p. 52 for detail) which relied on the teachers’ role in the
curriculum development process in Turkey. The fact that they are not seen as an
agent of change (e.g., Priestley, Biesta & Robinson, 2015) may be due to the fact
that they may have not yet determined their professional plans which can
develop more agency (Zhang & Shen, 2012). This is also in line with Omane’s
(2021) prediction study in which teachers’ belief, professional development and
knowledge on subject content and pedagogy, was highlighted as one of the
predictors of teachers’ instructional experiences. All in all, teacher’ instructional
experiences tend not to change where changes come through a top-down

approach rather than bottom-up.

There are some important constructs in the literature which can affect or are
related with teachers’ teaching method instructional behaviors after a curriculum
change. They are the role of belief, pedagogical beliefs (e.g., Konig, 2012;
OECD, 2009; Priestley & Drew, 2016); willingness to change (Adnan, 2020);
job satisfaction (Kayir & Toraman, 2021); gender (e.g., Elemadi, 2019;
Konakman, 2017); age (Kayir & Toraman, 2021); educational level, school type,
large class size (Westbook, 2013); branch, seniority year, faculty from which
they graduated (Konakman, 2017); professional development (Zheng & Shen,
2012); and knowledge of content and pedagogy (Omane, 2021). Prior to data
collection, this study hypothesized that there is no significant difference between

teachers’ teaching method and measurement-evaluation strategy preferences in
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total or subscales in terms of their gender, seniority year (i.e. professional year),
educational level, and school type. Female teachers’ adoption after curriculum
change was found to be higher than male teachers. The teachers who have 15-
years or more experience in the profession were found to have a higher teaching
method preferences total score after curriculum change than those who have less

than 15-years experience.

In terms of the gender difference in instructional choices, Adnan (2020) explored
teacher’s belief and willingness to change after a curriculum change and Elemadi
(2019) studied students' preferences in science courses in Qatar and found that
female students prefer more active teaching and learning experiences than male
students. Kayir and Toraman’s (2021) dependent variable with Turkish teachers
was job satisfaction while the independent variables were gender, age, education
level, school type. They applied a regression model to explore the amount of
variance in teachers’ perception regarding job satisfaction by four independent
variables. However, they found that those variables did not significantly explain
teachers’ resistance after curriculum change. Similarly, Koénig (2012) studied the
role of beliefs in the practice of teaching as well as TALIS reports conducted by
OECD (2009). They explored teachers’ direct transmission belief and
constructivist beliefs, and conducted a regression model to reveal to what extent
it was explained by teachers’ gender, branch, educational level etc. The report
asserts that gender should be selected as covariate because female teachers
tended to prefer active learning, constructivist teaching strategies, methods and
techniques in their in-class teaching more than male teachers. Their pedagogical

beliefs were found to explain their instructional preferences.

Konakman’s (2017) research aimed to investigate whether there is a significant
difference between teachers’ instructional choice and their adoption of
curriculum change in terms of gender, branch, seniority year, and graduate
faculty. This study found gender, faculty type, and seniority were non-significant
variables. However, the branch was found to be significant so that preschool

teachers’ scores were higher than branch teachers. On the other hand, Westbook
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(2013) states that teaching belief and large class size are two variables that may
be associated with teachers’ instructional preferences. Kul and Celik’s (2017)
study was based on a collective case study and their results reveal that pre-
service teachers may hold constructivist views about teaching and learning. Their
belief system shapes their behavior during teaching and has been affected by the
current teacher education program and education system. The fact that their
belief system may shape their behavior was correspondingly similar to the the
inferences discovered in the current study. On the other hand, Turnova (2012)
revealed results which are in contrast with the results of this study. Thompson
(1984) conducted a case study with three secondary school mathematics
teachers. He investigated how teachers’ instructional behavior in teaching is
explained by belief, view and preferences. He indicated a change in personal
practice. Tanguay (2020) and Paehter (2003) investigated a gender difference
between teachers’ method preferences and produced findings compatible with
ours. In the current study the re-explanation of students was discovered to be
non-significant while van Loon et al. (2021) found that students’ self-monitoring
skills were more accurate in classrooms where teachers more often used child-

centered instructional practices.

On the other hand, the measurement and evaluation are an assessment process in
which structures not only are related to the curriculum process but also provide
feedback to the teacher. The Turkish education system is an examination-
oriented system. Therefore, it is not a feature of teachers’ characteristics nor their
fault that they are not able to be as flexible as they could be when teaching with
their own measurement and evaluation strategy preferences. Unfortunately,
Turkey is a land of examinations. It is known from various studies that teachers
may not have knowledge and experience of the principles of writing examination
items and that their measurement and evaluation preferences may be related to
professional development courses rather than their beliefs. Since the expectations
from teachers both in terms of instructional and assessment processes are high,

they cannot sufficiently divide their performance in the field into authentic
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assessment types. Their first priority is to focus on teaching and presenting the

curriculum.

Moreover, beliefs are not revelation. Teachers personally apply a teaching
method in their classroom, and evaluate themselves and their students. They
believe in the benefit and usability of whichever method they have succeeded in.
Therefore, it is a natural expectation that they may tend to use the teaching
methods they believe in in the classroom. It is also central to think of branch
group meetings as a learning community. They should see group meetings not
only as completing the obligatory paperwork, but also as a process in which they
share and learn teaching methods from each other. After curriculum change, if
teachers already know the scope and content of the program very well, try
different teaching methods, and talk about their benefits with their colleagues,

such a goal-oriented approach may lead to an increase in student success.

However, in the broad perspective of the research, it has been revealed that the
factors that teachers consider when choosing measurement and evaluation
strategies are not beliefs and changes in the program. Teachers first need to learn
from an expert in order to use the different measurement-evaluation approaches
in in-class examinations or during teaching. They believe in expert opinions on
measurement and evaluation. They should follow more in-service seminars and
training. Teachers who trust the experts of the Ministry should pay attention to
this when someone from the province and district of the Ministry provides
training. If the teachers got a grade above 90 points for 6 years, they would get 1
level of progress. It can be suggested that the same method should be integrated
into teaching, since grading progress was motivating for teachers. Thus, teachers
can develop their beliefs about not only diversifying their teaching methods but

also developing measurement-evaluation strategies.
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5.3. Middle School Students’ Reflection on Metacognitive Skills and
Affective Processes by Way of Different Item Types

The current study also searched for evidence of 5" grade students’ reflection on
their metacognitive skills (cognitive strategy and self-checking) and the affective
process (effort and worry) levels of their responses to different item types. To
clarify, the students who responded to open-ended items used metacognitive
skills such as cognitive strategy more than those who responded to multiple-
choice items. The results were consistent with those of O’Neil and Brown
(1998), who revealed, more than twenty years ago, that there was a significant
main effect for item format, with open-ended items inducing more use of
cognitive strategy than multiple-choice items (Birgili, 2014; Loh & Lee, 2019;
Oksiiz & Giiven-Demir, 2018; Rimbatmojo et al., 2017; Sole, 2018). This study
corroborates that of O’Neil and Brown (1998), who indicate that multiple-choice
questions yielded greater self-checking than open-ended problems. The fact that
students had positive feelings toward multiple-choice items and negative feelings
toward open-ended items is in line with previous studies (O’Neil & Brown,
1998). Generally, open-ended items induce greater amounts of worry than
multiple-choice items do. Only in effort did the current study not show a format
difference because the data collected from students was very limited and may

therefore was insufficient for statistical analysis.

There are several other explanations for similar findings, such as the fact that
students who took tests that included both multiple-choice questions and short
answer questions engaged in more cognitively active behaviors than those who
only took multiple-choice questions, and that these active behaviors improved
performance on the final exam (Chick, 2016). Similarly, students who took
exams that included both short answers and multiple-choice questions had more
cognitively engaged behaviors than those who only took exams that included
multiple-choice questions, and these behaviors boosted performance on the final
exam.. Moreover, in contrast to O’Neil and Brown (1998), who found no

significant gender differences in math performance on the multiple-choice items
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or the open-ended problems, the findings of this study revealed that girls were
less likely to use the rereading sub-skill than boys. The results may differ from
the related literature because Students with high levels of visual-spatial
intelligence might not struggle with each part of metacognition, but students with
low levels of visual-spatial intelligence could struggle with three metacognitive

skills: cognitive tasks, self-knowledge and strategy knowledge.

Although the use of multiple-choice items in assessment metacognitive skills has
been seen in a speculative way, this study may show a clear perspective to
measure metacognition and its subskills by advantages of open-ended items (i.e.,
constructed response, free response) (e.g., da Silva Soares, et al., 2021; Frenken,
2021; O’Neill & Brown; Chick, 2013; Stillman, 2020; Vuorre & Metcalfe,
2021). We should not forget that in educational sciences, the preparation of
quality items (e.g., Bassett, 2016; Dutke & Barenberg, 2015; Scully, 2017) is
more critical to fostering higher-order thinking skills/metacognition rather than

the type of items.

Finally, one of the most innovative results of this study is the use of eye-tracking
as a validity tool for the Think Aloud process (Jarodzka et al., 2013). Scientific
investigations on different biomarkers in education can explicate novel aspects
of teaching-learning interactions and support evidence-based student practice.
Brain studies have also gained momentum in the light of scientific studies and
theories that give imperative to the whole development of students (i.e. model of
the learner (Willingham, 2017)) despite teachers who still believe in the
classical, traditional and outdated pedagogies where students should develop
only behavioral skills. The main goal is for “agent” teachers to update their
practices based on brain and deep learning results. This is also an
interdisciplinary study harmonizing educational sciences and neuroscience and it
is expected that it will become the first methodological design in the Turkish
context to receive deep data from the student, not only with Think Aloud process
but also with instant/live handwriting-based problem-solving, eye-tracking, and

emotion measurements. Eye-tracking is a reliable option for research with 5th-
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grade students as it provides a real-time measurement of students’ performance
by providing them with different strategies expressed during the task. In
particular, the Think Aloud process has been supported by eye-trackers. This
finding is also reported by Jarodzka et al. (2013), Oztiirk (2021), van Gog and
Jarodzka (2013), van Gog and Scheiter (2010).

Da Silva Soares et al. (2021) specifies the area of interest (Aol) as the “problem
statement”, “figure”, and all four “multiple-choice” and reveal that the most
viewed regions focused on by students were the figures. On the contrary, in the
current study, the most viewed Aol region focused on was “numbers”. This
contradictory result may be due to all items being solely mathematics MC even

though the participants were 5th-grade (10-11-year-old) students.

One of the advantages of using eye-trackers with students is to provide students
with a more natural and cognitively less demanding experience, as transforming
their mathematical strategy, cognitive or metacognitive process, into a verbal
report may be overwhelming for low achieving students, as asserted by da Silva
Soares et al. (2020). The results on assessment of metacognition skills with
diagnostic instruments are also supported by Desoete (2008) and show that
metacognitive skillfulness when joined with intelligence accounts for between
52.9% and 76.5% of students’ mathematics performance. The choice of
diagnostic instruments such as eye-tracking determines the predicted percentage
to a high degree. A profound discussion on how eye-tracking technologies can be
effectively applied in the educational field is needed to clarify how teachers
could benefit from it before, during, and after instruction. Curiously, all students

expressed positive feelings toward the technologies used in the research process.

In addition, the outcome of students’ ability to use rereading subskill was
significantly predicted by their total time spent on the process, gaze shifts, and
gender. The most frequent constructs on which research was conducted in the
related literature were not only the rereading subskill but also strategy

determination, controlling, planning, deep strategy usage, perseverance (i.e.
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“give up” in the current study), mood, fixation, gaze shifts, feeling of difficulty,
gender, pupil dilation, cognitive load, dwell time, amount of visual attention,
time on task and self-explanation. Although Jarodzka and her colleagues (2017),
who have been known for their innovative educational sciences versus eye-
tracking studies, predicted the self-explanation skills of gaze shift and time on
task in their study, this model was not significant in the current study because
5th-grade students were trying to solve ten different kinds of OE and MC item in
40 minutes and their exposure to Think Aloud at the same time may have
affected their self-explanation level. The reason for this result is not clear but it
may have something to do with self-checking, re-expression, finding error,
process control, amount of effort etc. sub-skills of metacognition. Previous
studies have highlighted the gender differences in eye-tracking studies as similar
as Apaydin and Hossary (2017), Zhang (2018). In turn, it was emphasized by
Azevedo and Aleved (2013) and Jian (2016) that the greatest challenge for
students is to monitor and control basic cognitive and metacognitive processes
during learning. Students' efforts to use metacognitive subskills naturally were
appreciated and different observations have been noticed in some studies (e.g.,
Roderer & Roebers, 2014).

People make decisions based on results. It is hoped that this conclusion section is
not the last word, but that it leaves the door open for new future research. The
results of this deep and interdisciplinary study are a vision-enhancing beginning
for cognitive scientists and engineers working with educators, teachers,

evaluators, and junior educational scientists.

In the literature, studies analyzing teachers' authentic teacher-made examination
items and studies investigating what kind of changes they made in their teaching
method and measurement-evaluation process in the classroom after curriculum
change were examined separately. This study aimed to examine mathematics
teachers' authentic teacher-made examination items according to certain
taxonomies and its results are generally consistent with the literature. The

teachers tended to prefer and prepare mathematics items that measure lower-
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order levels in 2021, while they tended to change their teaching methods
autonomously with their own will and belief. However, it is not prepared with
the same consistency in the measurement, evaluation, and assessment. If items
were prepared at high-order levels, it was observed that the 5th graders
successfully could reflect different types of metacognitive and affective
processes in their natural response to item processes. It is believed that this
educational sciences study, which examines middle school mathematics
teachers’ and 5th-grade students’ dimension in a holistic manner with a mixed-
method research design, will shed light for researchers with its innovative aspect.
The research questions were investigated through this multimodal study in which
document analysis, semi-structured interviews, survey delivery, and deep student
analyzes were handled. Metacognitive and affective processes of the students
were examined from the perspective of an educational scientist. Accordingly, it
has been noticed that the students can reflect their metacognitive skills and
affective processes with great motivation and consistency in open-ended items.
Consistent with most of the literature, it was observed that the students were able
to use different metacognitive sub-skills in item types and tended to be nervous
and worried about open-ended items.

At the last stage, a theoretical search was sought for the following question,
which is believed to be innovative and useful for Turkey: “How can we design a
deep data modal that can measure and evaluate the responses and emotions of
middle school students to open-ended items? Which biomarkers do we also need
to collect from the students?” Persistent and long-term studies are required to
seek answers to these research questions. In the light of real data collected and
analyzed from human nature (i.e. students), it has been realized that deep model
designs require a very long time (at least 5 years), and the designs that include
both researchers and academics from cognitive scientists and computer engineers
should be made. The possibility of designing, researching, as well as applying,
intelligent deep data models adapted to the Turkish language developed and
designed for Turkish children can only be done by being on the same page. This

is one of the future predictions.
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Implications for Future Research. Research implications suggest how the
findings of this study may be important for educational policy, theory, and
subsequent research. This study was based on mixed-methods research including
five phases. First of all, document analysis and interviews were conducted with a
sample of pilot mathematics teachers, and then data were collected from a wider
teacher sample through the survey study. In the brain dynamics laboratory,
where | studied with 5th-grade students, both qualitative and quantitative data
were collected, aggregated, synthesized and interpreted. Therefore, due to the
nature of the study and the flow of the research, the qualitative approach was
dominant. Yet, quantitative multimodal data supported the research questions.
Finally, | illustrated a theoretical and original deep data analysis model. As a
multi-layered and very comprehensive study was designed, | encountered several
difficulties while conducting it. | needed in-class observations from some middle
school mathematics teachers. For this reason, | recommended making
observations of teachers while determining their teaching methods and
measurement-evaluation preferences in future studies. Teachers who cannot
allocate time for individual meetings can be invited to focus group meetings as
another data collection methods. In this study, some mathematics teachers who
did not want to participate in the interview showed up and said, "This research is
of no use to me. | don't think it will benefit my students”, “There is no project in
this study and | have no gain.” They used sentences such as "I did not want to
help". As a researcher, please try to arrange a meeting with another teacher
without losing your motivation. School principals and teachers should better
understand the importance of research and more action should be taken in this
direction. You can motivate participating teachers with small gifts or incentives

for participating in the research.

Future researchers can use the TMMESP questionnaire, which | developed for
theoretical and originally for mathematics teachers, or they can use the three-
dimensional scale of Sadler-Smith and Riding (1999)’s scale, which measures

teaching method and assessment-evaluation preferences. It is a matter of
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curiosity how the results will change when other scales in the related literature
that propose to measure similar dimensions would be used. The literature shows
that the adaptation of teachers and young teachers with less than 15-years
experience to curriculum change can be accelerated and they are open to more
changes in their classroom practices such as teaching methods. Although this
study revealed that senior teachers (with more than 15-years experience) tend to
have more autonomy in pre and post policy change, understanding the
curriculum development process in Turkey from the perspectives and
experiences of those (with less than 15-years experience) remains a matter for
the future. It is still a matter of interest for the literature to determine what kind
of adaptations novice middle school mathematics teachers (being within the first
5 years of their profession) improvised their in-class practices during the

teaching and learning process after the curriculum change.

Face recognition, emotion recognition, screen recording, self-expression
sessions, and linguistic analysis of discourses can be used innovatively in
experimental stages where multimodal data collected from students are used for
artificial intelligence/expert systems design. Thus, we can strengthen the quality
of deep data and collect more student data. In particular, the deep data obtained
from such laboratory studies with innovative technological tools are useful for
the progression of students’ learning and redesigning the learning processes. The
kind of multimodal data sheds light on learning analytics studies and is
recommended for future studies. The research laboratory process can be repeated
with other metacognitive skills (e.g., awareness, monitoring) and the affective
process (e.g., anxiety, mood) variables that are not covered in the context of this
study. In addition, students' self-regulation sub-skills can also be selected as
dependent variables during physiological and biological measurements. It should
be noted that there might be tradeoffs in neuroeducation studies when changing
the methods or selecting the study group according to certain predefined criteria.
It is an important principle not to impair generalizability. Knowing this, with the
selection of more communicative students, the difference in re-explanation sub-

skills between them and others can be examined more clearly.
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Mixed-methods studies have various sub-designs according to different
researchers (i.e. Cresswell, Kuckartz, Onwuegbuzie Plano-Clark). Researchers
first ask, “do you believe that you can best answer your research question(s)
through the use of mixed-methods research?” and “do you believe that mixed-
methods research will offer you the best design for the amount and kind of
evidence that you hope to obtain as you conduct your research study?” etc. They
should answer the research questions then carefully follow these steps: selection
of sampling design [random/purposive]; sampling arrangement, covering “the
mixing dimension [partial/fully], time dimension [concurrent/sequential],
emphasis dimension [dominant/equal status], and relationship among/between
samples; sample size; and a number of sampling units [e.g., of people, cases,
words, texts, observations, activities, or any other object of study] in order to
obtain meta-inferences” consistent with the future study's goals (Corrigan &
Onwuegbuzie, 2020; Onwuegbuzie & Teddlie, 2003 p. 787). Researchers who
might work with similar research questions may need more teacher and student
groups so they may deal with complex mixed methods designs and may need to
receive more expert opinions when managing and combining qualitative and
quantitative processes. Sometimes, the qualitative and quantitative phases may
produce conflicting results. Finally, most mixed-method studies in the world,
especially in Turkey, have problems integrating quantitative and qualitative
results (Toraman, 2021). It can be suggested that researchers be careful in the

integration process.

Implications for Practice. Research implications also suggest how the findings
of this study may be important for educational practice. In the survey phase,
which is the second step of this study, data was collected from 350 teachers by
visiting various districts of Istanbul one by one. However, considering that there
are over 1 million students and teachers in Istanbul, the teacher group is thought
to be small. Therefore, the results of this study can only be generalized to a
population similar to the study group. On the other hand, the study has shown
that while teachers’ teaching method preferences mostly depend on their beliefs,

their measurement-evaluation preferences depend on whether they have received
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professional education or not. The majority of the mathematics teachers in this
study did not remember their in-service training periods, and those who did
entered limited data. It would be beneficial for the literature to repeat the first
dimension of this study with mathematics teachers who receive in-service

training under the MoNE or Measurement-Evaluation Academies.

Belief is a skill that requires practice. Deconstructing faith is not easy and is a
process requiring intensive practice. Teachers' practice of a teaching method and
seeing its effect on their students’ success/performance/achievement can make
that teaching method credible in the eyes of the teachers. Since the first results of
this study are for middle school mathematics teachers, it is recommended that
mathematics teachers in particular try different teaching methods and try
classroom practices for constructivist approaches. Nevertheless, Ozeren and
Akpunar (2019) highlight that “modern constructivist education programs in
Turkey are practiced in a traditional sense”. That is to say, educational policies
remain insufficient in renewing classroom practices and using teaching
strategies, methods and techniques for educational philosophy because
curriculum change studies, regrettably, continue in a top-down manner in
Turkey. The study also highlights that it is the teachers with less than 15-years
seniority who have the most difficulty in adapting to curriculum change. When
the draft curricula are presented to the view of teachers, educators, parents and
students, even before the publicised, those teachers should be involved in the
process of draft curriculum making as future change agents. Thus, it might be
possible to shift from a top-down approch, which is still developed with the

traditional approach, rather than a bottom-up one.

Another interesting result of the study is that the ability of mathematics teachers
to use innovative approaches in their measurement-evaluation preferences
depends on the level of education they received as professional development. In
particular, there was no difference in the subdimensions of measurement-
evaluation preferences. It was discovered that mathematics teachers still use

objective-testing in preparing examination items. Both data sets support each
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other. In Turkey, it is recommended that mathematics teachers in particular
should take courses that focus on measurement and evaluation, such as different
item types, preparing innovative items, and making tables of specifications in
preparing items, and improve themselves in this regard. Even in their authentic
examinations, there is a lack of knowledge and skill in preparing items that
would measure students' higher-order cognitive skills. It has been determined
that innovative items, computerized adaptive tests, and intelligent tutoring
systems, which are used extensively around the world, need to make more
preparations for developing the types of items, preparing such items, answering
them, and even preparing their students for the future and the professions of the
future. The results of the research have shown that when qualified and higher-
order items are prepared, students can use their awareness, explanations, and

metacognitive skills more.

In addition, it is important for teachers to know the technological systems that
can measure natural human capabilities in a useful and multimodal way. It is
good to increase their awareness of using such devices in the classroom. They
may be aware of different metacognitive skills and emotional processes that their
students can experience/display during different types of items. Their awareness
of interpreting student behaviors may increase, they can interpret the differences
between the students who do not show worry and who have high performance
and the students who have mild worry but high performance, and can internalize
such principles. For example, teachers may realize the importance of using
different item types and items at different cognitive levels while solving
questions in the measurement-evaluation process in the classroom. They may
teach their students how to use their worry in a positive way during the
assessment, and to internalize what kind of information the students should focus
on. When responding to an item, students may understand how many ways they
could solve the problem and where they should focus on the items. It is expected
that students may be aware of the fact that there is not a single correct solution to
a problem and that questions can be solved in more than one way and via

thinking skills, and teachers should convey this to their students. By interpreting
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the results of this study, teachers may understand 5th-grade students’ thinking
process, realize their psychology, be aware that they can solve the questions in
different ways, and develop insight. In particular, they are expected to make

progress in integrating these results into their teaching methods.

The number of in-class observations should be increased in order to determine
more decisively the changes made by teachers in classroom teaching with their
own autonomy after curriculum change. Observing the teachers while they are
teaching in their natural flow will be good for a more reliable evaluation of the
results. However, teachers who have reservations about being observed should
meet with the researcher and get information about this subject and answer their
questions. Researchers should also guarantee that these observations will be in
the natural environment, not as an inspection, and will be for informational
purposes only. Otherwise, teachers may be concerned that the researcher could
report to the Ministry of National Education. It should be emphasized that

observations are the goal of contributing to scientific research.

Recommendations for further practice. Educators should help students to
acquire metacognitive knowledge and skills while responding to open-ended
items and implement self-checking strategies by using a variety of mathematics
problems. To do so, educators should point out some task-based problem-solving
processes as well as encouraging students to check their understanding and use
metacognitive skills such as self-explanation/re-explanation and self-

checking/finding errors.

In the light of this study, it is suggested that a series of precautions should be
taken and put into practice in order for mathematics teachers to prepare their
authentic teacher-made items at a level that can measure students' higher order
thinking (HoT) skills by complying with scientific research and reports. It is
thought that it is good to examine the contemporary “journal of papers”, examine
the official letter from the ministry of national education by the inspectors, and

take suggestions, if any, while preparing the teachers’ in-class examinations.
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However, they can receive in-service education on how to prepare for
examinations that are able to measure HoT during the summer holidays. With the
cooperation of measurement and evaluation centers opened in 81 provinces in
Turkey affiliated to the Ministry of National Education, education on item
quality and in-class authentic examination preparation should be added to the
Education Information Network (EBA) platform. Teachers should be able to
receive this training from where they are at their own pace with an active

learning approach.
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APPENDICES

A. SARIYER DISTRICT IN TURKEY
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B. PUBLIC SCHOOLS IN NEIGHBOURHOOD OF SARIYER DISTRICT

Public School Name Neighborhood Number of Number of Classroom
Teachers Students
Osman Sagmaci Resitpasa mah. 28 660 20
Tuncay Artun IMKB Resitpasa 23 536 21
Doganevler
Yenikoy THO Yenikdy mah. - - -
Istanbul Ticaret Odasi Yenikoy 21 367 16
Mehmetcik
Yenikdy Yenikdy 16 313 10
Orgeneral Emin Alpkaya  Yenikdy mah 22 374 25
Sehit Muharrem Kerem Yenikdy 45 787 36
Yildiz IHO
Sehit Ugur Tase¢1 Ferahevler mah. 18 390 19
Hirriyet Ferahevler - - -
Nilufer Gokay Ayazaga mah. 40 1209 29
Gilimiigdere Gumiisdere mah. 13 112 6
Zekeriyakdy Zekeriyakoy 22 680 20
Kazim Karabekir Poligon 11 226 9
Mehmet Akif Pinar 36 600 24
Fahrettin Arslan Cumhuriyet 30 450 20
Mehmet Ipkin Blyukdere 26 275 12
Mehmet Sevim Ulusal istinye mah 30 685 20
[HO
Recaizade Ekrem Istinye mah 21 387 24
Alpaslan Tarabya mah 27 490 20
Prof Ali Kemal Yigitoglu  Maslak mah 17 300 10
Sariyer Merkez mah 72 1079 18
Hatemoglu Camlitepe 31 402 20
Zibeyde Hanim PTT Evleri mah - - -
Hac1 Cemal Ogiit IHO PTT Evlerimah 15 327 12
Turgut Akan Kazim Karabekir - - -
pasa
Kumkdy Ferhan Bedii Kumkoy 7 156 6
Feyzioglu
Anafartalar Uskumrukdy 16 220 9
Bahcekdy Turkan Efe Bahcekdy 31 400 20
Tiirkan Soray Rumelihisar1 23 298 15
Sair Nigar Rumelihisar1 9 180 10
mah
MEYV Dumlupinar Fatih Sultan 17 657 29
Mehmet mah
Kocatas Barbaros Kocatas mah 18 368 12
R.Giiney Kildiran Rumeli Kavagr 15 181 8
mah
Veysel Vardal Goérme Kumkdy 20 79 11
Engelliler
Ayazaga Huzur mah 23 857 22
Siileyman Celebi Huzur mah 35 580 21
Haci Mehmet Baltalimani 23 375 13
Salgamcioglu
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C. PRIVATE SCHOOLS IN NEIGHBOURHOOD OF SARIYER

DISTRICT

Private School Name

Neighborhood

Ozel Cent Koleji

Ozel Murtvvet Evyap

Ozel Enka

Ozel Sartyer Ag1

Ozel Istek Okullar1 Kemal
Atatlrk

Ozel Sartyer Doga Koleji
Ozel Erol Altaca koleji

Ozel Bogazigi Fatih Koleji
Ozel Dariigsafaka  Egitim
Kurumlart

Ozel Bogazhisar Koleji

Ozel Tarabya Ingiliz Okullar:
ITU GVO Ozel Dr Natuk
Birkan

FMV Isik Okullar1 Ayazaga

Tarabya
Maden mah
Istinye
Bahcgekdy
Tarabya

Rumeli Feneri cad
Ferahevler mah
Yenikdy mah
Darussafaka cad
Maslak

Maden mah

Yenikoy

Maslak

Maslak
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m‘;wlu Nu‘l"’a:u

05 NisAN 2018
Konu: Degerlendirme Sonucu

Gonderen: ODTU Insan Aragtirmalan Etik Kurulu (IAEK)

ligi: Insan Arastirmatan Etik Kurulu Bagvurusy

Sayin Dog.Dr. Hanife AKAR

Danigmank@ini yaptiginiz doktora dfrencisi Bengi BIRGIL'nin “Ogretmenlerin Ogretim Yontemi
rmwwvmbmwwummmmhmmmw
mhmmmmmnnm«swmhw-mm

Bilgilerinize saygianmia sunanm
Prol.o;.;mumuw
Bagkan V
. Dr. Ayhan SOL Prof. Dr. Ayhan DEMIR

qUIS % i
.. > -
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E. APPROVAL OF METU HUMAN SUBJECT ETHICS COMMITTEE:

SECOND PHASE
UTBULAMALL ETIE ARASTIRMA MERKED) . ORTA DOGU TEKNIK UNIVERSITESI
WPRIRSNTS USRS e MIDDLE EAST TECHNICAL UNIVERSITY
DUMLUPINAR UL VAR CH800
CANKAYA ANKARA/ TURKEY
w”'; yBmelu i‘.l'“o

06 MART 2019
Konu: Degerlendirme Sonucu

Gonderen: ODTU insan Aragtirmalan Etik Kurulu (IAEK)

igi: Insan Arastirmalan Etik Kurulu Bagvurusu

Sayin Dog.Dr. Hanife AKAR

Bir
Damgman WNIGUMWWWIMW
Ymmww”w lmmme&xmwmmm
ve 101-0DT0-2019 protokol numaras: ile onaylanmigtir.

Saygianmuzla bilgilerinize sunari.
Vit
prof. Dr. Talfh GENGO:
Baskan
 Dr. Ayhan SOL Prof. Dr. Ayhan oemir (4,)
Oye
m Dog. Dr. Emre SELGUK
Oye Oye
M%um Or. Ogr. Dyesi Ali Emre TURGUT
Oye Uye
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F. APPROVAL OF METU HUMAN SUBJECT ETHICS COMMITTEE:
THIRD AND FOURTH PHASE

UYGULAMALL ETIK ARASTIRMA MERKED \ ORTA DOGU TEKNIK UNIVERSITESI
APPLIED ETHICS AESCARCH CINTER / MIDDLE EAST TECHNICAL UNIVERSIT'
AL LNNNAN I VAR 800

CANKAYA ANKARA/TURRE Y

s mea0mie /L OA

16 MART 2020

Konu: Degeriendirme Sonucu

Gonderen: ODTU insan Aragtwmalan Etik Kurulu (IAEK)

iigi: Insan Aragtrmalan Etik Kurulu Bagvurusu

Sayin Prof.Dr. Hanife AKAR

Danigmanli@ini yaptifiniz Bengi BIRGILI'nin “Ogretmenlerin Ogretim Yontemi Tercihlerinin Ekolojik
&Ymﬁ:WWWMMnWEﬁKMWW
gordimis ve 101 ODTU 2020 protokol numarasi ile onaylanmigtir.

Saygilanmizla bilgilerinize sunanz.
VVM” ;
Prof.Dr. Mine MISIRLISOY
Bagkan
% Dog.Dr. Pinar KAYGAN

3 WMM
Or. O, Oyesi Al Emre TURGUT Or. Ofr. Oyesi Serife SEVING
s =

Or. Ofr. Uyesi Mige GUNDOZ
Uye
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G. APPROVAL OF MINISTRY OF NATIONAL EDUCATION: FIRST
PHASE
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H. APPROVAL OF MINISTRY OF NATIONAL EDUCATION: SECOND
PHASE
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I. APPROVAL OF MINISTRY OF NATIONAL EDUCATION: THIRD
AND FOURTH PHASE

T.C
SARIYER KAYMAKAMLIGH
Prof. Al Kemal Yightoglu Oraokulu Miduriogo

Say1 1 47654154.605.01-1, 16887727 18.11.2020
Konu - Doktors Tez Calagma [zin Talebi

T.C MILLI EGITIM BAKANLIGINA
(Strateji Geligtirme Bagkanl )
ANKARA

27326038944 T.C Kimlik nolu  Bengi BIRGILI, MEF  Oniversitesi
Lgitim Fakiltes! Aragtirma Girevilsi olup, Orta Dogu Teknik Oniversitesi Egitim Bilimleri
Bolimi Dokiora dgrencisidir. "Ogretmenlerin Oretim Yomtemi Tercihlerinin Ekolojik Bir
Yaklagumla Incelenmesi’ baghkl doktora tez galigmas: kapsaminde etik kurul evraklan ile
Mudicligomiee bagvurmugtur, Milli Egitim Bakanhi@i Yenilik ve Egitim Teknolojileri Genel
Mudurtugu'nim Argtirma Uygalama [zinderd kapsamindaki genelgesi okunmug, “Madde 14;
Denome modelll aragtimalar igin yapilacak bagvirular dncesinde, aragtirmacalann iVilge milli
editim muduriuklert llo uygulamamn gergeklogtiriloced okullar ve ligili kigilerde Snceden
irtibata gogerck bilgilendirme yapmalan ve alinan okl onayin bagvure esnasinda ibraz
etmeleri  gerckmektedir” maddesi tamfimizea  incelenmigtir.  Doktora Sfrencist Hengi
BIRGILI'nin okulumuz Ogrencilerine ulasubilmesi, Omckiem bulabilmesi ve deneme
galgmast  yapmasiun  arafionzes  herhangl bir sukincast  bulunmamaktadir, Okulumue
galegnayn katihmaya gontidie. 11 ve lige Milli Egitim Modorioklerinden izin alindikian
sonra okulumuzda galigmays baglayabilir. Bu kapsamda biz de lstanbul / Sanyer Prof Ali
Kemal Yigitogly Ovtsokuly MOdOIOE0 olarsk  duyurumueu velilerimize online olamk

yapacagiz,

Stleyman BINBOGA
Okul Modar
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T.C.
ISTANBUL VALILIGI

11 Milli Egitim Modariogo

16/122020

VALILIK MAKAMINA

ligi :a) Orta Dogu Teknik Universitesinin 30.11.2020 tarihli ve 255 sayih yazis.
b) Bakanhigimizin 21.01.2020 tarih ve 1563890’ 2020:2 No'lu genelgesi.
¢) Midiirligimiiz Aragtirma ve Anket Komisyonunun 15.12.2020 tarihli tutanag:.
d) Bakanhitimiz Ortadgretim Genel Modirganin 19.11.2020 tarihli ve 16964289 sayili yazisi.

Orta Teknik Universitesi Egitim Bilimleri Doktora Ogrencisi Bengi BIRGIL! ‘nin
"Ogretmenlerin im Yontemi Tercihlerinin Ekolojik Bir Yaklagimla Incelenmesi” konulu tezine dair
yonelik; goriigme sorulan uygulama istegi hakkindaki ilgi (a) yazn ve ckleri mOdurlogtimazee

mm' ilgi (d) yansinda 04.01.2021 tarihine kadar uzaktan cfitime devam edilecefi
belirtilmigtir,

mamwmmwwmwm

egitim-Ogretimi aksatmayacak
ilgi (b) Bakanhk emri esaslan dihilinde uygulanmas:, aragtirma bittikten sonra 2 (iki) hafta igerisinde
aragtima sonug raporu hakkinda MOdirlGgimiz istmemanket@meb.gov.tr adresine mail yoluyla bilgi
verilmesi kaydiyla Modorlagimiizce uygun gorilmektedir.
Makamlanmzea da uygun goriilmesi halinde olurlanmza arz ederim.

Levent YAZICI
11 Milli Egitim Madard
OLUR
16/1222020
Dr. Hasan Hiscyin CAN
Valia
Vali Yardimais:

Ek:
1- Gengelge.
2- Komisyon Tutanag:.

Tek: 0212)384°
Fakse 0

O ee———— [ — €216-21F2-3218-8b47-1528 [ —
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J. APPROVAL OF A SAMPLE PUBLIC SCHOOL IN SARIYER
DISTRICT

T.C.
ISTANBUL VALILIGI
11 Milli Egitim Modarligi

Say1  : E.59090411-44-18306715 22.12.2020
Konu : Anket Arastirma izni

ORTA DOGU TEKNIK UNIVERSITESI REKTORLOGUNE

ligi  :a) 30.11.2020 tarihli ve 255 say1h yazimz
b) Valilik Makaminin 16.12.2020 tarihli ve 18144888 sayili oluru.

Universiteniz Doktora Ogrencisi Bengi BIRGILI'min  "Ogretmenlerin Ogretim Yéntemi
Tercihlerinin Ekolojik Bir Yaklasimla incelenmesi” konulu tez arastirma calismas: hakkindaki ilgi
(a) yazimiz ilgi (b) valilik onay: ile uygun goriilmiistir,

Bilgilerinizi ve arastirmacinin s6z konusu talebi; bilimsel amag diginda kullanmamasi, uygulama
sirasmda  bir drnegi midirligimizde muhafaza edilen mihiirli ve imzah veri toplama
araglanmin  kurumlarimiza arastirmaci tarafindan ulastinlarak wygulamilmas;, katlimeilann
gonillilik esasina gore segilmesi, aragtirma sonug raporunun kamuoyuyla paylagiimamas: kosuluyla,
gerekli duyurunun aragtirmaci tarafindan yapilmasy, okul idarecilerinin  denetim, gozctim ve
sorumlulugunda, eZitim-Gfretimi aksatmayacak sekilde ilgi (b) Valilik Onayi dogrultusunda uygulanmas:
ve iglem bittikten sonra 2 (iki) hafta iginde sonuctan Midiirliigiimiiz Strateji Gelistirme Boliimiine rapor
halinde bilgi verilmesini arz ederim.

Levent OZIL
11 Milli Egitim Madiird a.
Miidiir Yardimcisi
Ek:
1- Valilik Onay:
2- Olgekler
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K. MATHEMATICS TEACHERS INTERVIEW PROTOCOL FORM

Goriisme Protokol Formu
Degerli Katilimct,

Bu calismanin amaci, 2017-2018 egitim &gretim yilindan itibaren okullarda
uygulanmakta olan matematik egitim programi cergevesince sinif icerisinde Ogretim
yontemi ve Olgme degerlendirme siireci olarak ne tiir degisiklikler yaptiginizi ortaya

cikarmaktir.

Caligma kapsaminda yapilacak goriismeler goniilliilik esasina dayanmaktadir.
Arastirmact ile yapilacak goriisme yaklagik 30 dakika slirmektedir. Calisma sonunda
paylastiginiz her tiirlii bilgi arastirmacilar tarafindan saklanacak ve kisisel bilgileriniz
tamamen gizli tutulacaktir. Goriismeler sonucu toplanan veriler sadece arastirma amacl
kullanilacaktir. Goriisme esnasinda herhangi bir gerekce bildirmeden istediginiz anda

geri ¢cekilme hakkiniz vardir.

Caligma grubumuz Sariyer ilgesine bagli devlet ve oOzel okulda calisan
matematik Ogretmenlerinden olusmaktadir. Goriisme protokol formunda iki bolim
mevcuttur. Birinci bolumde kisisel bilgilere iliskin sorular, ikinci bolimde ise 6gretim
yonteminiz ve olgme-degerlendirme siireciniz ile ilgili goriislerinizi almaya yonelik

sorular sorulacaktir.

Katkilariniz i¢in tesekkiir ederiz.

Ars. Gor. Bengi BIRGILI Dog. Dr. Hanife
AKAR

MEF Universitesi Orta Dogu Teknik
Universitesi
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Teacher’s Semi-structured Interview Form

Tarihve Saat: /[
Cinsiyet: [0 Kadin O Erkek
Kurum:

Brans:
Mezun oldugu béliim: [ Ogretmenlik: O Diger:
Formasyon alinan yer: Suresi:
Kidem Yili: (ay/y1l)

Kurumda gegirilen siire: (ay/y1l)

Hizmet i¢i Egitim Siiresi: (giin/hafta/saat)

Haftalik ders saatiniz: (saat)

Ders verdiginiz siniflar: O 5. simf O 6. simf O 7. simf O 8. siif
Simifinizdaki ortalama Ggrenci sayisi:

Goriisme Sorulari

1. 2017-2018 egitim 6gretim yilinda uygulamaya konulan matematik egitim programi
yenilenmistir. Bu konuyla ilgili size bilgilendirme nasil oldu? Kimler tarafindan,
nereden ve nasil bilgi verildi?

2. Degisen matematik egitim programu ile ilgili ilk incelemeleri nasil gerceklestirdiniz?
a. Kendiniz mi yoksa ziimre ile mi incelediniz?

3. Program ile ilgili genel degerlendirmeniz nelerdir?
a. Amac-felsefe,
b. igerik,
c. isleyis, ve
d. degerlendirme siireci hakkinda neler sdylersiniz?

4. Yeni programin 2016-2017 egitim 6gretim yilinda kullandiginiz matematik egitim
programindan ayrilan yanlar1 nelerdir?
a. [Eski ve yeni programlarin arasinda nasil farkliliklar goriiyorsunuz?

b. Kullandiginiz kaynaklar, ders kitabi ve benzeri 6gretmen el kilavuzu
baglaminda ne tiir degisiklikler yaptiniz?

c.  Onceki seneyi dikkate alirsaniz bu sene derslerinizi nasil isliyorsunuz?
a. Ogretim yonteminizde herhangi bir degisiklik oldu? Ornek vererek
ayrintili agiklar misiniz?

5. 2017-2018 egitim 6gretim yilinda uygulamaya konulan egitim programina uygun
konuyu islerken 6lgme degerlendirme siireci hakkinda deneyimlerinizi paylasir
misiniz?

a. Onceki seneyi dikkate alirsaniz bu sene nasil bir 6l¢gme-degerlendirme
sireci uyguluyorsunuz?

b. Hangi farkli 6lgme-degerlendirme yontemlerini kullaniyorsunuz? Neden?
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c. Kullandigimiz 6lgme-degerlendirme yontemlerinden hangisinin en etkili
oldugunu diisiiniiyorsunuz? Neden?

d. Ogrenci cevaplarini degerlendirirken dikkat ettiginiz noktalar neler?

6. Acik uclu sorulara dayali bir sinav hazirlarken ve uygularken yasadiginiz
a. olumlu deneyimler nelerdir?

b. olumsuz deneyimler nelerdir?

7. Ogrencileriniz agik uglu sorular1 ¢dzerken nasil deneyimler yasamaktadir?
a. Ogrencilerin iist bilissel becerilerini 6lgmesi hakkinda neler
diisiiniiyorsunuz? Bugiine kadar neler gézlemlediniz?

b. Ogrencilerin iist bilissel becerilerden olan bilissel strateji ve 6z kontrol
becerilerini kullanmasi konusunda neler sdyleyebilirsiniz?

c. Ogrenciler problem ¢dzme siireglerinde nasil bir yaklasim uyguluyorlar?
Gozlemleriniz nelerdir?

8. Ogrencilerinizin agik-uglu problemler ¢ozerken yasadiklari duygulari nelerdir?
Gozlemlerinizde bahseder misiniz?
a. Kayg belirtileri
b. Rahat tutum
c. Siirekli yazdiklarin1 degistiriyor/siliyor

Deneyimlerinizi paylastiginiz ve arastirmaya zaman ayirdiginiz ic¢in c¢ok tesekkiir
ediyoruz. Sozlerinizi bitirmeden 6nce 6nemli bulup eklemek istediginiz bir sey varsa
paylasabilirseniz memnun olurum.

Tesekkiirler ©
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L. CODEBOOK FROM MATHS TEACHERS INTERVIEW PROTOCOL

FORM

Soru 3. Genel Degerlendirme
Kazanim {yetkinlik, beceri)
Isleyis

Igerik

Amag_Igerik
Amag_Degerlendirme
Degerlendirme

Amag_lsleyis

Soru 4.b. Kaynak, Ders kilavuzu, El kitabi
Soru_kitap

Sinav_Soru

Deneme

Kaynak

Ders_Kit

Kazanim fazlaligi dolayisi ile yetistirme zorlugu

Sorgulayici mantik ylriitme egitiminin zorlugu, somutlastirma, zaman
yGnetimini kullanabilme
Konu igeriginin sadelestirilmesi, sarmallik, kenu derinligine i

mesi
igerigin genel amaglar ile uyumsuzlugu, tutarsizlik

Egitim program ile degerlendirme arasindaki tutarsizlik

Soru Céztimune vakit ayriimasi, éneekinden fazla soru ¢ézilebilmesi

Etkinligin azalmasi, amag ve uygulamanin értismemesi

Soru kaliplari farkli olan kitaplarin segilmesi, Grnekler iceren

Sinav sistemine hazirlayici sorular igeren: problem ¢Gzlimi,
muhakeme

Deneme sinavlar

Ek kaynak ihtiyaci, el kitabi, Kilavuz kitap

Ders kitabini kullanma
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Soru 4.c. Ogretim Yéntemi
Benzer

Aktif

Gunluk

Anlatim

Grup

Gezi Gézlem

Dogaglama

Tartisma

Arastirma-inceleme

Herhangi bir degisikligin olmamasi

Aktif 6grenme, 6grencinin merkezde oldugu, aktif rol aldigi 6grenme
yaklasimlari, etkinlik, dikkat ¢ekme, rol yapma, tartisma

Gunluk hayattan 6rnekler kullanma, iliskilendirme yapma, gergek
yasam Grnekleri, somut materyal kullanma, problem ¢ézme

Dogrudan 6gretim yéntemini kullanma

Grup g¢aligmasi yéntemi

Ggretim sirasinda sinif ortamina getirilemeyen cisim, olgu ve olaylarin
yerinde ve planli olarak incelenmesini gerektiren bir teknik
olan gezi teknigi

Role play, Drama ile 6grenme yéntemi 6nceden bir hazirlik yapmadan
o an dogaglamalarla bir 6grenme gergeklesiyorsa bu drama “yaratici
drama” denir. Bu yontem 06grencilerin dislinmesini olaylara bakig

agisini ve hayal gliciini gelistiri

Tartigmalarin yasandig 6gretim streci

“Kumeler kenusunda neyi arastirip isterim ben genelde, sey yaparlar
kiimesinin kesisimi, sunlar bunlar gergi yok, onlar yok iste lise bire
atmiglar gene. Orda ig ice seyler geger ya kiimeler geger falan iste niye
gecer, sonra oradan biri olimpiyatlardan g¢ikar, mutlaka ¢ikar,
olimpiyatin semboll vardir ya, arastinm gelin, oradaki niye alti tane
ya da niye yedi tane. Boyle, konu geldikge.” {Teacher A)
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Soru 5.a. Glgme Degerlendirme Stireci
OE
Procedural

St_Need

Quiz

Download

Proje

Sunum

Soru 5.b. Hangi Farkli GD Yéntemleri
Soru_Cevap2

Gdev

Merak

Katilim

Karma

Acik uglu soru tarzlari, kisa cevapli sorular

Mantik ve islem odakli olan sorular

Ggrenciye uygun/bireysel sorular sormak, égrenci ihtiyaglarini dikkate
almak

Kuglk ara sinavlar

Hazir online kaynaklardan indirmek, hazir sorular kullanmak

Bosluk doldurma tarzinda (test kitabinda vs)

Soru cevap yéntemi ile bilinmeyeni belirleme
Gunluk hayat problemleriile iliskilendirme
Ogrencide merak uyandirma

BGgrencinin derse katilim géstermesi

GE, MC, T/F, karma soru tiplerini igeren élgme streci

“Her sene sinavlarimda agik uglu sorular sordum. Mantik, islem odakli
olan ve olmayan sorular sorarak her Ggrenciye uygun sormaya
galisiyorum.” {Teacher E)

“Evet, sonra ben o kitabi dolduruyorum bosluk doldurma kitabini
dolduruyorum gocukla. Onu, o doldurduklar yerleri birebir kontrol
etmeye dikkat ediyorum. Yani herkes, bitiren getirsin gibi.” {Teacher B

“Evin dikdértgen, kare bigiminde olan odalarinin ve halilarinin
alanlarini ve gevresini hesaplamalari igin ¢dev veriyorum.” (Teacher E)
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Beyin_F
HCM

Gozlem

Grup

Beyin firtinasi yéntemi
Ust diizey matematiksel bilgi ve becerileri &lgen sorular

Ogretmen olarak sinif igerisinde gézlem yapmak

Grupla 6gretim yéntem ve tekniklerini sinif igerisinde kullanmak

Gozlem yapmak her zaman benim igin mesela, kendim &gretmen
olarak aldigim en buyuk veri. Clnkl bi gocugu birden fazla yerde

gozlemleyebilirsiniz. Grup galismasi igerisinde yaptigi yorumlarda...
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M. DIMENSIONS OF TMMESP-Q IN TURKISH

OGRETIM YONTEMI TERCiHi

1. Boyut: Program Tasarimu ile ilgili Goriisler
Item 1. Programin amacinda bir degisiklik olmadigini diisiinliyorum (Ornstein &
Hunkins, 2004).
Item 2. Programin felsefesinde bir degisiklik olmadigimi diisiinliyorum (Ornstein &
Hunkins, 2004; Ozmon & Craver, 2008).
Item 3. Kazanim sayilarinin azaldigini fark ediyorum (Ornstein & Hunkins, 2004).
Item 4. Konu igeriklerinin zenginlestigini diisiiniiyorum (Oliva, 2009; Ornstein &
Hunkins, 2004).
Item 7. Milli Egitim Bakanliginin Matematik kaynak kitabinin igeriginde degisiklik
olmadigini diistintiyorum (Yiiksel, 2000).
Item 8. Ogretmen el kitabimi kullanmak tercihimdir (Demirel, 1992; 2012).

2. Boyut: Genel Sinif ici Uygulama ile ilgili Goriisler
Item 6. Ogrencilerin yaraticiliklarina firsat saglayan aktiviteler yapmak tercihimdir
(Ozmantar, Bingdlbali, Demir, Saglam & Keser, 2009).
Item 9. Sinif i¢i 6gretim yOntemimi Ogrencilerimi aktif kilacak sekilde degistiririm
(Phillipson, Riel & Leger, 2018).
Item 11. Ogrencilerime; matematigi etkin bir sekilde kesfederek ogrenmelerini
saglayacak sekilde bir ders tasarliyorum (Bruner, 1961, 1996; Abrahamson & Kapur,
2018).
Item 13. Ders dncesinde 6grencilerin hazirbulunusluklarmi test ediyorum (Ozer & Anil,
2011).

3. Boyut: Teknik ile ilgili Goriisler
Item 5. Sinif i¢i 6gretimlerde somut materyal (6rn. matematiksel obje) kullanmak bana
¢ok yardimci oluyor (Baroody, 2017).
Item 10. Grupla 6gretim yontemi tekniklerini (6rn. igbirlikli 6grenme, diisiin-esles-
paylas vs.) kullanmay1 tercih ederim (Mayer & Alexander, 2011).
Item 12. Sadece anlatim teknigini kullanirim (Moore,1986; Westerhof, 1992).
Item 14. Sinif i¢i 6gretimde egitim teknolojilerini kullanmaya c¢alisirim (Bos, 2009).
Item 16. Farkli soru sorma tekniklerini (Neden? Nigin? vb.) kullanmaya ihtiyag
duyuyorum (Michaels, Connor, Hall, & Resnick, 2010).
Item 17. Anlattigim konuya giinliik hayattan 6rnek veririm (Kitchen, 2016; NCTM,
2014).

4. Boyut: Yapilandirmacilik ile ilgili Goriisler
Item 15. 6gretim esnasinda yapilandirmaci yaklasim (6rn. bilgiyi aragtirma, yorumlama
ve analiz etme, diisiindiirme siirecini gelistirme vs.) tekniklerini kullanmak tercihimdir
(Von Glasersfeld, 1995).
Item 18. Ogrencilere iizerinde calistiklar1 konu hakkinda diisiinmelerini saglayan bir
O0grenme ortami tasarlamay1 tercih ederim (Von Glasersfeld, 1995).
Item 19. Ogrencilerin kendi 6grenme siireclerinde sorumluluk aldiklar1 Sgretim
tekniklerini (gosteri, soru-cevap, beyin firtinasi, tartisma) kullanirrm (Mayer &
Alexander, 2011).
Item 20. 6grencileri aragtirma yapmaya tesvik ediyorum (Bruner, 1961;Clabaugh, 2010).
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OLCME-DEGERLENDIRME SURECI

1. Boyut: Genel Olgme-Degerlendirme Siireci ile ilgili Goriisler
Item 1. Onceki seneye gore Olgme-degerlendirme siirecinde degisiklik yapiyorum
(Alkharusi, Kazem & Al-Musawai, 2011).
Item 2. sinavlarimi ¢evrimic¢i kaynaklardan (forum, paylasim siteleri vb.) indirerek
uyguluyorum.
Item 4. dersin kazanimlarimt Slgmek icin bi¢imlendirici degerlendirmeyi (formatif
degerlendirme) kullanmiyorum (DeLuca, Valiquette, Coombs, LaPointe-McEwan &
Luhanga, 2006; Marzano, 2006).
Item 11. 6grencilere sinavlardaki soru tiirleri hakkinda tercih hakk: taniyorum (Gelbal &
Kelecioglu, 2001; Zhang & Burry-Stock, 2003).
Item 12. sinavlarda islemsel becerilerini (prosediirel) kullanacaklar1 soru tiirlerini tercih
ediyorum.

2. Boyut: Soru Formatlari ile ilgili Goriisler (kuramsal gecerlilik)
Item 3. ¢oktan segmeli sorular iceren dlgme araglart kullaniyorum (Kanatli, 2008).
Item 5. ¢oktan se¢meli ve kisa cevapli sorulari iceren sinavlar hazirliyorum (Cakan,
2004; Kilmen & Cikrik¢i-Demirtagli, 2009).
Item 7. O0grencilerin donem sonunda performanslarini gosterecekleri 6grenci portfolyo
dosyalarii kullantyorum (Barootchi & Keshavarz, 2002; Ozbas1, 2008).
Item 8. kisa smavlar1 (quiz) uyguluyorum (Cakan, 2004).
Item 9. sinif i¢i sinavlarimda agik uglu sorulart kullaniyorum (Birgili, 2014).
Item 14. sif i¢i sinavlarimda hem agik uclu, hem de ¢oktan seg¢meli sorulari
kullaniyorum (Ozbas1, 2008).

3. Boyut: Smif ici Ogretimi Olcme ve Degerlendirme Teknikleri ile ilgili
Goriisler

Item 6. glnluk hayattaki problemleri ¢dzmeye yonelik sorular soruyorum (Shepard et
al., 2005).
Item 10. 6gretim sirasinda soru-cevap teknigini kullantyorum (Ozbasi, 2008).
Item 13. sorulan1 Ogrencilerin iist diizey bilissel becerilerini (ne bildigini bilme,
diisiincenin farkindaligi) kullanacaklar: soru tiirlerinden (PISA, TIMSS gibi uluslararasi
sinav sorulart) se¢iyorum (Kilmen & Cikrik¢i-Demirtagli, 2009).
Item 15. uyguladigim smif i¢i smavlarin sayisin1 6grencilerle birlikte belirliyorum
(Acar-Erdol & Yildizli, 2018).
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N. TRANSLATION OF TMMESP-Q

TURKCE

ENGLISH

Teaching Methods

1. programin amacinda bir degisiklik
olmadigini diistiniiyorum.

2. programin felsefesinde bir degisiklik
olmadigini diistiniiyorum.

3. kazanim sayilarinin azaldigin1 fark
ediyorum.

4. konu igeriklerinin
diistiniiyorum.

zenginlestigini

5. smif i¢i Ogretimlerde somut materyal
(6rn.  matematiksel nesne) kullanmak
bana ¢ok yardimci oluyor.

6. oOgrencilerin yaraticiliklarina firsat
saglayan aktiviteler yapmak tercihimdir.

7. Milli Egitim Bakanlhigimin Matematik
kaynak kitabinin igeriginde degisiklik
olmadigini diistiniiyorum.

8. oOgretmen el kitabim1 kullanmak
tercihimdir.
9. smif i¢i Ogretim  yOntemimi
ogrencilerimi  aktif kilacak  sekilde
degistiririm.
10. grupla Ogretim tekniklerini (6rn.

igbirlikli 6grenme, diisiin-esles-paylas vs.)
kullanmay tercih ederim.

11. dgrencilerime; matematigi etkin bir
sekilde kesfederek ogrenmelerini
saglayacak sekilde bir ders tasarliyorum.

12. sadece anlatim teknigini kullanirim.

13.  ders  Oncesinde  Ogrencilerin
hazirbulunusluklarini test ediyorum.

14.  smf i¢i  Ogretimde  egitim
teknolojilerini kullanmaya ¢alisirim.

15. ogretim esnasinda yapilandirmaci
yaklasim  (6rn.  bilgiyi  arastirma,
yorumlama ve analiz etme, diisiindiirme
siirecini ~ gelistirme vs.) tekniklerini

10.

11.

12.

13.

14.

15.
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| think there is no change in the purpose
of the curriculum.

I think there is no change in the

philosophy of the curriculum.

| have noticed the decrease in the number
of learning outcomes.

I think the content of the subject has been
enriched.

Using concrete materials (e.g.
mathematical objects) during classroom
teaching helps me a lot.

| prefer doing activities that provide
opportunities for student creativity.

I think there is no change in the content of
the Mathematics resource books of the
Ministry of National Education.

| prefer using the teacher's handbook.

I change my in-class teaching method to
make my students active.

| prefer using group teaching methods
(e.g. cooperative learning, think-pair-
share etc.).

I design lessons that enable my students
to learn by exploring mathematics
effectively.

I only use direct instruction.

Before the lesson, I check the students’
readiness.

| try to use educational technologies when
teaching in-class.

| prefer using the constructivist approach
techniques when teaching (e.g. research,
interpret and analyze information,
improve the thinking process etc.).



TURKCE

ENGLISH

Teaching Methods

kullanmak tercihimdir.

16. farkli soru sorma tekniklerini
(Neden?, Ni¢in?, Nasil? vb.) kullanmaya
ihtiya¢ duyuyorum.

17. anlattigim konuya giinliik hayattan
érnek veririm.

18. dgrencilere iizerinde c¢alistiklart konu
hakkinda diisiinmelerini saglayan bir

Ogrenme ortami tasarlamayr tercih
ederim.
19.  ogrencilerin  kendi  6grenme

stireclerinde sorumluluk aldiklar1 6gretim
tekniklerini (gosteri, soru-cevap, beyin
firtinasi, tartisma) kullanirim.

20. ogrencileri arastirma yapmaya tesvik
ediyorum.

16.

17.

18.

19.

20.

| feel the need to use different questioning
techniques (e.g. Why? How? etc.)

I give examples from daily life while
teaching a topic.

| prefer designing a learning environment
that makes students think about the topic
they work on.

I use instructional techniques that require
students to take responsibility for their
learning (e.g. demonstration, question-
answer, brainstorming, discussion).

| encourage students to do research.

TURKCE

ENGLISH

Measurement-Evaluation

1. 6nceki uygulamalara gore Olgme-
degerlendirme siirecinde  degisiklik
yapiyorum.

2. smavlarimi ¢evrimi¢i kaynaklardan
(forum, paylasim siteleri vb.) indirerek
uyguluyorum.

3. coktan se¢meli sorular iceren dlgme
araglar1 kullaniyorum.

4. dersin kazanimlarmi Olgmek igin

bicimlendirici degerlendirme (formatif

degerlendirme) kullantyorum.

5. ¢oktan segmeli ve kisa cevap gerektiren
karma sinav sorulart hazirliyorum.

6.ginlik hayattaki problemleri ¢ézmeye
yo6nelik sorular soruyorum.

7.08rencilerin donem sonunda
performanslarimi  gosterecekleri 6grenci
portfolyo dosyalarini kullaniyorum.

8. kisa smavlari (quiz) uyguluyorum.

9.sinif i¢i sinavlarimda agik uglu sorulart
kullantyorum.

1.
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I make changes in the measurement and
evaluation process compared to the
previous implementations.

I administer examinations based on
downloaded online sources (e.g. forums,
websites etc.).

I use measurement tools that include
multiple-choice items.

| use formative assessment to measure
course learning outcomes.

I prepare examinations that include a
mixture of multiple-choice and short-
answer items.
I ask problem-solving items related to real
life problems.

I use portfolio that will enable the
students to show their performances at the
end of the term.

I apply quizzes.

I use open-ended items in my in-class
examinations.



TURKCE

ENGLISH

Teaching Methods

10. 6gretim sirasinda soru-cevap teknigini
kullantyorum.

11. Ogrencilere sinavlardaki soru tiirleri
hakkinda tercih hakki tantyorum.
12. smavlarda

ogrencilerin  iglemsel

becerilerini (prosediirel) kullanacaklar

soru tdrlerini tercih ediyorum.

13. sorular1 6grencilerin iist diizey bilissel
becerilerini  (ne  bildigini  bilme,
diistincenin farkindaligi) kullanacaklari
soru tdrlerinden (PISA, TIMSS gibi
uluslararasi smav  sorulart  gibi)
seciyorum.

14. smif i¢i sinavlarimda hem agik uglu,
hem de coktan segmeli sorular1 birlikte
kullaniyorum.

15. uyguladigim smif i¢i sinavlarin
sayisim ogrencilerle birlikte belirliyorum.

10.

11.

12.

13.

14,

15.

| use the question-answer technique in my
teaching.

| give students choice to choose which
item types they want to be included in
their examinations.

| prefer item types that require students to
use procedural skills in the examinations.

I choose item types that appear in
international examinations (such as PISA,
TIMSS) to enable students to use their
high-level cognitive skills (e.g.
metacognition, awareness of thought).

I use open-ended and multiple-choice

items  together in  my in-class
examinations.
| determine the number of in-class

examinations to be administered together
with the students.
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O. CODING PROCESS OF THE TMMESP-Q
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P. TEACHER-MADE EXAMINATIONS RELATED TO
PARTICIPATING SCHOOLS

Table 1. Number of teacher-made examinations related to middle schools

School School Type Examinations f
Name
School 1 Public School 1. 2016-2017 1% semester 1%t exam 14
2. 2016-2017 2™ semester 1t exam 17
3. 2017-2018 1% semester 1%t exam 16
4. 2017-2018 1tsemester 2" exam 18
5. 2017-2018 1%t semester 3" exam 20
6. 2017-2018 2" semester 15t exam 12
7. 2017-2018 2" semester 2" exam 20
Total 11
School 2 Public School 1. 2017-2018 1%semester 1%t exam 17
2. 2017-2018 1%t semester 2" exam 18
3. 2017-2018 1%t semester 3" exam 16
4. 2017-2018 2" semester 1%t exam 15
5. 2017-2018 2" semester 2" exam 21
Total 87
School 3 Public School 1. 2017-2018 1% semester 1%t exam 20
2. 2017-2018 2" semester 15t exam 25
Total 45
School 4 Public School 1. 2016-2017 1% semester 15texam 19
2. 2016-2017 2" semester 15t exam 19
3. 2017-2018 1% semester 1%t exam 20
4. 2017-2018 1%t semester 2" exam 19
5. 2017-2018 1%t semester 3" exam 20
6. 2017-2018 2" semester 15t exam 20
Total 11
School 5 Private School 1. 2018-2019 1%t semester 2" exam 14
Total 14
GRAND
TOTAL 21 380
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Q. ITEM-LEVEL STATISTICS FOR TM AND MES SCALES OF

TMMESP-Q

Table Q.1. Item-Level Descriptive Statistics for the Main Data of the 20 TM Items in the

TMMESP-Q (N

344 Mathematics Teachers)

Scale Items M 5D f (%)

Strongly Disagree  Undecided  Agree Strongly

disagree agree
I think there is no 3.25 1.13 20_ 94 49__ 143 37
change in the purpose (5.8%) (27.3%)  (14.2%) (41.6%)  (10.8%)
of the curriculum.
1 think there is no 3.29 1.13 27_ 92 54_ 136 44
change in the (4.9%) (26.7%)  (15.7%) (39.5%)  (12.8%)
philosophy of the
curriculum.
I have noticed the 406  1.07 10_ 37 32 115 145
decrease in the {2.9%) (10.8%)  (9.3%) (33.4%)  (42.2%)
number of learning
outcomes.
I think the content of ~ 2.84 1.18 35 129 71_ 70 34
the subject has been (10.2%) (37.5%)  (20.6%) (20.3%)  (9.9%)
enriched.
Using concrete 4.39 91 9 _ 16 20 _ 101 197
materials (e.g. (2.6%) (4.7%)  (5.8%) (29.4%)  (57.3%)
mathematical objects)
during classroom
teaching helps me a
lot.
1 prefer doing 436 .82 5 _ 12 26 _ 124 173
activities that provide (1.5%) (3.5%) (7.6%) (36%) (50.3%)
opportunities for
student creativity.
I think there is no 359 122 17_ 65 51 117 93
change in the content (4.9%) (18.9%)  (14.8%) (34%) (27%)
of the Mathematics
resource books of the
Ministry of National
Education.
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Table Q.1. Item-Level Descriptive Statistics for the Main Data of the 20 TM Items in the

TMMESP-Q (continued)

9.

10.

11.

12.

13.

14.

15.

1 prefer using the 3.17
teacher’s handbook.

I change my in-class 4.48
teaching method to

make my students

active.

I prefer using group 4.20
teaching methods

(e.g. cooperative

learning, think-pair-

share etc.).

I design lessons that 4.28
enable my students to

learn by exploring
mathematics

effectively.

I only use direct 2.10
instruction.

Before the lesson, I 4.27
check the students’

readiness.

I try to use 4.33
educational

technologies when

teaching in-class.

I prefer using the 4.41
constructivist

approach techniques

when teaching (e.g.

research, interpret

and analyze

information, improve

the thinking process

etc.).

.66

.80

79

.68

26_
(7.6%)
3

0.9%)

3_
(0.9%)

2 _
(0.6%)

96
(27.9%)
4 _
(1.2%)

2 _
(0.6%)

3
(0.9%)

90
(26.2%)
8_
(2.3%)

20
(5.8%)

(2%)

147
(42.7%)
16
(4.7%)

16
(4.7%)

6_
(1.7%)

69_
(20.1%)
19 _
(5.5%)

36_
(10.5%)

29 _
(8.4%)

27 _
(7.8%)
18 _

(5.2%)

23 _
(6.7%)

24 _
(7%)

92
(26.7%)
116
(33.7%)

142
(41.3%)

176
(51.2%)

58
(16.9%)
159
(46.2%)

136
(39.5%)

140
(40.7%)

56
(16.3%)
197
(57.3%)

141
(41%)

128
(37.2%)

10
(2.9%)
142
(41.3%)

165
(48%)

171
(49.7%)
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Table Q.1. Item-Level Descriptive Statistics for the Main Data of the 20 TM Items in the

TMMESP-Q (continued)

16.

17.

18.

19.

20.

I feel the need to use
different questioning
techniques (e.g.
Why? How? etc.)

I give examples from
daily life while
teaching a topic.

I prefer designing a
learning environment
that makes students
think about the topic
they work on.

I use instructional
techniques that
require students to
take responsibility for
their learning (e.g.
demonstration,
question-answer,
brainstorming,
discussion).

I encourage students
to do research.

4.60

4.64

4.41

4.32

4.29

76

T3

4 _
(1.2%)

4 _
(1.2%)

4 _
(1.2%)

(0.9%)

3 _
(0.9%)

sl
=

(0.6%)

3_
(0.9%)
5_

(1.5%)

(2.3%)

6_
(1.7%)

9 _
(2.6%)

8 _
(2.3%)

17 _
(4.9%)

37_
(10.8%)

37_
(10.8%)

114
(33.1%)

101
(29.4%)
151

(43.9%)

135
(39.2%)

148
(43%)

212
(61.6%)

227
(66%)

165
(48%)

16l
(46.8%)

150
(43.6%)

In addition to TM items, item level analysis were held for MES items.
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Table Q.2. Item-Level Descriptive Statistics for the Main Data of the 20 TM Items in the

TMMESP-Q (N

344 Mathematics Teachers)

Scale Items M SD %)
Never  Seldom Sometimes Often  Always

I make changesin ~ 3.46 95 10 31 144 107 51

the measurement (2.9%) (9%) (41.9%) (31.1 (14.8%)
and evaluation %)

process compared

to the previous

implementations.

I administer 2.55 1.22 90 82 82 (23.8%) 72 18
examinations based (26.2 (23.8%) (20.9 (5.2%=
on downloaded %) %)

online sources (e.g.

forums, websites

etc.).

Tuse measurement  3.44 1.03 18 41 101_ 138 43
tools that include (5.2%) (11.9%)  (29.4%) (40.1 (12.5%)
multiple-choice %)

items.

T use formative 345 97 11 40 124 _ 119 48_
assessment to (3.2%) (11.6%) (36%) (34.6 (14%)
measure course %)

learning outcomes.

I prepare 3.70 1.09 16 38 70 _ 130 87
examinations that (4.7%) (11%) (20.3%) (37.8 (25.3%)
include a mixture %)

of multiple-choice

and short-answer

items.

I ask problem- 3.96 .85 2 15 76 _ 154 96
solving items (0.6%) (4.4%) (22.1%) (44.8 (27.9%)
related to real life %)

problems.
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Table Q.2. Item-Level Descriptive Statistics for the Main Data of the 20 TM Items in the

TMMESP-Q (Continued)

10.

11.

12.

I use portfolio that
will enable the
students to show
their performances
at the end of the
term.

I apply quizzes.

I use open-ended
items in my in-
class examinations.
I use the question-
answer technique
in my teaching.

I give students
choice to choose
which item types
they want to be
included in their
examinations.

I prefer item types
that require
students to use
procedural skills in
the examinations.

3.67

3.97

4.27

3.76

1.07

93

.68

56
(163
%)

9
(2.6%)

8
(2.3%)

1
(0.3%)

60
(17.4
%)

4
(1.2%)

89
(25.9%)

40
(11.6%)

21

(6.1%)

3_
(0.9%)

99
(28.8%)

18
(5.2%)

9 _
(27.9%)

95 _
(27.6%)

61 _
(17.7%)

33 _
(9.6%)

99 (28.8%)

ol _
(26.5%)

68 _
(19.8
%)

107
(31.1
%)
146
(42.4
%)
173
(503
%)

55
(16%)

170
(49.4
%)

35
(10.2%)

91
(26.5%)

107
(31.1%)

131
(38.1%)

29
(8.4%)

58
(16.9%)
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Table Q.2. Item-Level Descriptive Statistics for the Main Data of the 20 TM Items in the

TMMESP-Q (Continued)

13.

I choose item types ~ 3.14
that appear in
international
examinations (such
as PISA, TIMSS)
to enable students
to use their high-
level cognitive
skills (e.g.
metacognition,
awareness of

thought).

14. Tuse open-ended 4.04

15.

and multiple-

choice items

together in my in-

class examinations.

I determine the 2.09
number of in-class
examinations to be
administered

together with the

students.

112

25
(7.3%)

15
(4.4%)

160
(465
%)

7
(22.4%)

76
(22.1%)

112_
(32.6%)

39 _
(11.3%)

47 (13.7%)

84
(244
%)

136
(39.5
%)

39
(113
%)

46
(13.4%)

132
(38.4%)

272

P

(6.4%)
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R. THINK-ALOUD PROCESS PROTOCOL FOR FIFTH GRADE

bl o

b

STUDENTS

Ogrenci cevabi dogru mu? Yanhg mi?
Zorlanma seviyesi 1 (Kolay), 2{Orta), 3(Zor)

Think aloud ve ses kaydi bize neler sdyliyor? (Ustbilig ve Duygu Boyutlar)

a. Biligsel strateji davranisi vs eye-tracking sistemi verisi

b. Oz-kontrol davranisi vs eye-tracking sistemi verisi

c. Sorulara kag kere donils yapt1? Kag kere odaklandi? Dénlp donip bakma ve
¢bzme davramg var mi?

Coziim yoluna bak.
a. Biligsel stratejiyi kullandi mi? Kullanmadi mi?

b. Oz-kontrol becerisini kullandi mi? Kullanmad mi?

*Eylemleri-Soylemleri arasindaki benzerlikler ve farkliliklar.

5.

Duygular: E4 raporu ne gosteriyor? (Ses, Gorsel Alan notu)
a. Caba hissi

b. Endise hissi
c. Baslangig ve bitis dk sina gidip E4 verileri arasindan EDA ve BVP screenshot koy.

Baslangig dksi-Bitig dksi (... ses kaydindan bakildi)

Soru 1. Ali kedisinin agirliim bulmak istivor,

Once kendisi tartiliyor ve 57 kg geliyor. Daha sonra kedisini
kucagina alarak tartiyva ¢ikivor ve afarhif 62 kg olarak
kaydediyor.

Kedinin agirhg kag kilogramdir?

A 119
B) 15

C)s
D)9

1. Dogru Cevap: C
Ogrenci Cevabi: ( puan)
2. Zorlanma seviyesi:

3. Think aloud ve ses kaydi bize neler sdylliyor? (Ustbilig ve Duygu Boyutlar)
a. Biligsel strateji davranisi vs eye-tracking
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S. CODEBOOK FOR NEUROEDUCATION PROCESS

Feature Code Code Explanation
Code-MC Multiple-choice items
Code-OE Open-ended items
Feature-1: Item Type
Code-1 Correctly solved items
Code-0 Incorrectly solved items
Feature-2: Item Correctness
The participant expressed that an item responded and solved easily. Items must be correctly solved.
Also it should be validated by eye-tracking, hand-writing and researcher's note-taking relying on
Code-1 observation. GSR EDA values were also checked.
The participant expressed that an item responded and solved moderately. Items may be solved
correctly or the participant made a mistake. Also it should be validated by eye-tracking, hand-
Code-2 writing and researcher's note-taking relying on observation. GSR EDA values were also checked.
The participant expressed that an item either was not solved or responded and solved in difficulty.
The participant would give up while responding. Also it should be validated by eye-tracking, hand-
Feature-3: Difficulty Level |Code-3 writing and researcher's note-taking relying on observation. GSR EDA values were checked.
Code-1 Number of solution process step = 1 (e.g., addition)
Code-2 Number of solution process step = 2 (e.g., counting and multiplication)
Code-3 Number of solution process step = 3 (e.g., multiplication, counting and imagination)
Feature-4: Number  of Number of solution process step = 4 (e.g., rereading question root, division, subtraction, and
Solution Process Code-4 transformation)
When the participant responded and solved the item easily and EDA confirmed that or when the
Code-YES participant responded and solved the item in difficulty and EDA confirmed that.
Feature-5: Electrodermal When the particant's expression conflicted with EDA value (e.g., when the participant responded
Activity (EDA) Code-NO and solved the item easily. Nevertheless, EDA confirmed that he/she had difficulty.
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Feature Code Code Explanation
Code-NA  (i.e., Not|When the participant was not able to respond to the item or did not answer the think-aloud protocol
Applicable) interview questions.
Code- Qroot The participant read the question root.

Feature-6: Cognitive Strategy
(CS1): Organization of
knowledge

Code- Subtraction

The participant did subtraction.

Code- Mental Operation

The participant did a mental operation.

Code- Multiplication

The participant did multiplication.

Code-  Others (e.g.,
equation, algebra)

The participant used different equations to solve the item.

Code- Counting

The participant mentally counted the shapes, boxes, figures.

Code- Shape

The participant examined the shapes given in the item.

Code- Alternative

The participant checked the values given in the alternatives of the items to solve it.

Code- Elimination

The participant could use an alternative elimination testing strategy to find the correct solution.

Code- Operation

The participant expressed in general how to use operations.

Code- Transform

The participant transformed metric measurement units.

Code- Drawing

The participant drew a given shape onto the paper or a different perspective of the shape.

Code- Addition

The participant did addition.

Code- Reasoning

The participant explained the meaning of question root, used reasoning skills before operations.

Code- Sorting

The participant sorted between given value/image/shape in terms of perspective or its features.

Code- Division

The participant did division.

Code- Imagination

The participants used imagination skills, perspectives, and pictures of oneself into items.

Code- Part-whole

The participant used part-whole relationships in fractions.
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Feature Code Code Explanation
Code-NA When the participant was not able to use any codes, the Organization of Knowledge.
Feature-7: Number of Steps |Code- Step N The total number of steps from Feature-6 while responding to the item.
Code- YES The participant reread the item to understand the given values and/or to summarize it.
Code- NO When the participant was not able to use rereading skill.
When the participant was not able to respond to the item or did not answer the think-aloud protocol
Feature-8: CS2: Rereading  |Code- NA interview questions.
Code- YES The participant declared he/she used more than one strategy to solve the item.
Code- NO The participant declared he/she did not use more than one strategy to solve the item.
Feature-9: CS3: More than When the participant was not able to respond to the item or did not answer the think-aloud protocol
one strategy Code- NA interview questions.
Code- YES The participant indicated to re-express or re-explain the given information with his/her own words.
The participant indicated not being able to re-express or re-explain the given information with
Feature-10: CS4: Re-|Code- NO his/her own words.
expression (ie., When the participant was not able to respond to the item or did not answer the think-aloud protocol
Reexplanation) Code- NA interview questions.
Code- LB Number When the participant looked back and forth around the item. His/her Area of Interest was numbers.
When the participant looked back and forth around the item. His/her Area of Interest was question
Code- LB Qroot root.
When the participant looked back and forth around the item. His/her Area of Interest was
Code- LB Alternative  |alternatives.
When the participant looked back and forth around the item. His/her Area of Interest was
Feature-11:  Number  of|Code- LB_Shape shaped(s).

Looking Back and Forth
(LB)

Code- LB Other (e.g.,
between different area)

When the participant looked back and forth around the item. His/her Area of Interest was between
different areas.
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Feature Code Code Explanation
Code- LB NumberTotal |The total number of looking back and forth areas.
Code- YES The participant expressed that he/she checked his/her answer while responding.
Code- NO The participant expressed that he/she did not check his/her answer while responding.
Feature-12:  Self-Checking When the participant was not able to respond to the item or did not answer the think-aloud protocol
(SC1): Checking answer Code- NA interview questions.
Code- YES The participant expressed that he/she controls the overall process of their solution, answer etc.
Feature-13:  Self-Checking The participant expressed that he/she did not control the overall process of their solution, answer
(SC2): Process control Code- NO et
When the participant was not able to respond to the item or did not answer the think-aloud protocol
Code- NA interview questions.
Code- YES The participant expressed that he/she found an error and corrected it in the solution.
m,mmm._um:o%ﬁ. W@R.Ormo_ﬁ.:m Code- NO The participant expressed that he/she did not find any error and did not correct it in the solution.
BCHR g Fowr When the participant was not able to respond to the item or did not answer the think-aloud protocol
Code- NA interview questions.
The participant expressed that he/she did self-talk and asked whether he/she stays on track while
~ |Code- YES responding.
m,mman.o-_m. m@_.m.meo_ﬁ:m The participant expressed that he/she did not use self-talk and did not ask whether he/she stays on
(SC4): Ask question to stay » ;
-8 Code- NO track while responding.
When the participant was not able to respond to the item or did not answer the think-aloud protocol
Code- NA interview questions.
The participant expressed that he/she worried about the performance he/she showed while
Feature-16: Worry (W1): Code- YES responding.
Performance The participant expressed that he/she did not worry about the performance he/she showed up while
Code- NO responding.
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Feature Code Code Explanation
When the participant was not able to respond to the item or did not answer the think-aloud protocol
Code- NA interview questions.
Code- 1 The participant expressed feelings of low self-confidence (0-39%).
Code- 2 The participant expressed a feeling of moderate self-confidence (40-69%).
Code- 3 The participant expressed a feeling of high self-confidence (70-100%).
Feature-17:  Worry (W2): When the participant was not able to respond to the item or did not answer the think-aloud protocol
How Confident Code- NA interview questions.
The participant expressed and showed a positive feeling toward the item (e.g., calm, easy,
Code- 1 comfort).
The participant expressed and showed negative feelings toward the item (e.g., worry, anxiety,
Code-2 stress, confusion).
Code- 3 The participant did not express or shows positive or negative feeling (e.g., Notr)
Feature-18: Worry (W3): When the participant was not able to respond to the item or did not answer the think-aloud protocol
Type of feeling Code- NA interview questions.
Code- 1 The participant expressed he/she had low concentration while responding.
Code- 2 The participant expressed he/she had moderate concentration while responding.
Code- 3 The participant expressed he/she had high concentration while responding.
Feature-19:  Effort (El): When the participant was not able to respond to the item or did not answer the think-aloud protocol
Concentration Code- NA interview questions.
Code- 1 The participant expressed he/she spent low effort while responding to the item.
Code- 2 The participant expressed he/she spent middle effort while responding to the item.
Feature-19:  Effort  (E2): Code- 3 The participant expressed he/she spent high effort while responding to the item.
Amount of Effort Code- NA When the participant was not able to respond to the item or did not answer the think-aloud protocol
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Feature Code Code Explanation
interview questions.
Code- YES The participant asked to give up or expressed he/she thought about giving up while responding.
Code- NO The participant expressed he/she did not think about giving up while responding.
Feature-20: Effort (E3): Give When the participant was not able to respond to the item or did not answer the think-aloud protocol
up Code- NA interview questions.
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U. TURKISH SUMMARY/TURKCE OZET

ARASTIRMANIN TURKCE KISA OZETI

1. GIRIS

Okullar ¢ocuklarimizi hayata hazirlar. Cocuklar ilk kez ailelerinden farkli bir
ortama girer ve bunun anlami ilk kez kurallar1 olan bir sosyal gruba dahil olmaya
calismasi, bu kurallar1 6grenmesi, ondan beklenen bilgi, beceri ve tutumlarla
donatilmas1 demektedir. Tahmin edilecegi gibi hazir bulunusluga sahip cocuklar
olabilecegi gibi okula hazir olmayan cocuklar da bu siirece dahil olacak
demektir. Cocuklarin hazir bulunusluk diizeyleri birbirinden farkli, temel beceri
kazanim diizeyleri, ilgi ve tutumlar1 da birbirinden farkli olacaktir. Farkli sosyal
ve ekonomik diizeylere sahip olmasi onlarin okul ortamina baglangi¢ seviyesinde
farkli sekillerde uyum saglamaya calismasi demektir. Ogrenim hedefine iliskin
yetenekleri farklidir. Ogrenmeye gosterdikleri istek dereceleri farkhidir. Yeterli
zaman ayrildiginda, onlara tam Ogrenme firsati verildiginde sadece bilgi
diizeyinde degil, uygulama yaparak beceri diizeyinde kavrandigi zaman
ogrenmeleri gerceklestigi bilinmektedir (APPG, 2017; Hansen vd., 2003; Nunn,
2014).

Bu kadar farkliliklar igerisinde 6nemli olan ise nitelikli bir egitim 6gretim ortami
saglanarak c¢ocuklarimizin mutlu bireyler olarak yetismelerine imkan
saglamaktir. Iste okulun en biiyiik rolii budur. Egitim sisteminin hedefi, saglikli
ve mutlu bireyler yetismesine en uygun okul ortamini, sinif iklimi, 6gretmen ve
O0grenme siireglerinin tasarlanmasina imkan saglamaktir. Boylelikle cocuklar
diinyayr ve diinyadaki gelismeleri anlayan, bilgileri 6ziimseyen, yorumlayan,
diinya ile yarisacak diizeyde bilgi ve donanima sahip bireyler olabilecektir. Ulke
olarak gelecek nesiller diye tabir etti§imiz ¢ocuklarimiz i¢in kurdugumuz hayal

budur. lyi yetismis insan giiciiniin de temeli okullarda atilir. Ciinkii egitim
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ogretim siirecinde 6grenciler bir biitiin olarak ele alinir. Onlar sadece gelecegin

bireyleri degil, bilim insanlaridir.

Okulu okul yapan en hayati noktalardan biri de O6gretmenlerdir (Darling-
Hammond ve Lieberman, 2012; Ticha ve Hospesova, 2006). Ozellikle Turkiye
baglaminda g¢ocugun Kkisiligini sekillendiren, yeni bilgi, beceri ve degerler
kazanmasma vesile olan aileden sonra ilk kisi &gretmendir. Ogretmenlerin
niteligi, deneyimi, yeterlilikleri Ogretimin niteligi ile iliskilidir (Darling-
Hammond ve Lieberman, 2012). Ogretimde nitelik, dgrenme ve &gretme
stireclerinin hedefine ulasmak icin en uygun deneyim durumlarini belirleme ve
Ogrencinin gereksinimine gore (onun On bilgi, beceri ve tutumlarimi dikkate
alarak) diizenleme yaparak saglanabilir. Okulun sahip oldugu donanim ve
yeterlilikleri ¢ocugun yararina kullanabilen, imkansizliklar baglaminda yine
kendi donanim ve araglarini 6gretme Ogrenme siirecinin yararina tasarlamayi
bilen 6gretmendir, onun niteligidir. Nitelikli bir 6gretim siireci i¢cin meslek
Oncesi fakiiltelerde ya da mesleki gelisim asamasinda (hizmetici egitim siireci
gibi) Ogretmenlerimize ihtiyaclari dogrultusunda profesyonel gelisim destegi
verilmelidir (Darling-Hammond ve Lieberman, 2012; Darling-Hammond, 2017;
Darling-Hammond ve Oaks, 2019). Ciinkii iyi yetismis nitelikli bir ogretmen
ogrencilerini de aynmi sekilde nitelikli, diinyay1 takip eden, ufuklar1 agik minik
bilim insanlar1 olarak yetistirecektir. Okulun bir amaci da yiizde yetmis oranda
cocugu bir sonraki kademeye, bir sonraki sinif seviyesine hazirlamaktir. Bu
hazirlama siireci planli, hedefleri belli sistematik bir sekilde planlandig: siirece
ise yarar. Hedeflerin belirlenmis olmasi, siiregteki geri doniitler ve kontroller
sayesinde 6grenme hedeflerine ne kadar ulasildigini, 6grencilerin bir beceriyi
onu bir {ist siifa tasiyacak sekilde kazanip kazanamadigini kontrol etmemize

yarar.

Egitim programi ve 6gretim kavramlari ayr1 olarak incelense de birbirine bagiml
kavramlardir. Egitim programint planlanmis Ogrenme yasantilar1 olarak
diistinlirken 6gretimi ise yontem bilgisi, 6gretme stratejisi, yontem ve teknikleri,

kisacast 6gretme rolii olarak diislinebiliriz. Bu iliskide verilere dayali olarak
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ogrencilerin gelisim ozelliklerine gore uygun program ve 6gretim hazirlamak
gerekmektedir. Ogretim 6grenme siirecinin bir pargasidir. Ogretim yaklasimi
egitim programlarinin igerik boyutunun dagitim sistemini temsil eden bir siire¢
olmakla birlikte Ogretimin kaynagi, ylriitiiciisii bir de O6gretim yoOnteminin
Ogeleri bu siireg ile ilgili temel yapilar1 kapsamaktadir. Bu iki kavram birbiriyle
yaklasim ve tasarim olarak uyumlu olmak zorundadir. Bu yapilarin test edildigi,
O0gretmene yontemi konusunda, Ogrenciye de hedeflerine ne kadar ulastigi
konusunda doniit veren en O6nemli 0ge de Ogretimin Olgme-degerlendirme

surecidir.

Olgme-degerlendirme  siirecinde siif i¢i sinavlarin  dgrenci  basarisinin
izlenmesinde ve kanita dayali kararlar alinmasinda payi biiyiiktiir. Ciinkii
Ogrencinin O0grenme kazanimlarindan ve giinliikk planlarda hedefledigimiz
kazanimlardan ka¢ina ne diizeyde ulasildigini sinif i¢i sinavlarda gorebiliriz.
Ozellikle Ulkemizde korkulan bir ders olan, ulusal ve uluslararasi sinavlarda en
diisiik basar1 sergilenen branslardan biri matematiktir (OECD, 2016, 2018b;
PISA, 2015). Matematik konusunda 6zellikle siif i¢i sinavlarin yansimasi bize
O0gretmenin Ogretim tasarim siireci, hedefleri, 6l¢me-degerlendirme Kkalitesi
hakkinda geri bildirim saglamaktadir. Ne yazik ki alan yazina baktigimizda
ogretmenlerin smifi¢i simnav sorularimi kendi bilgi becerileriyle hazirlamadig:
genellikle cesitli kaynaklardan kopyala yapistir yaptiklari, cogunlukla internet
kaynak olarak kullandiklart belirlenmistir. Hatta otantik &gretmen yapimi
smavlarin  kalitesi ile iligkili oldugu bilinen bilgi ve biligsel boyutlar
ogretmenlerin yogunluklu olarak diisiinmeden sinifi¢i sinavlar1 hazirladiklar1 da
vurgulanmistir. Ozetle, smmifigi sinavlar iizerine yapilan arastirmalar (Aldim,
2010; Birgili vd., 2021; Cevik, 2009; Cagatay ve Kilig, 2019; Delil ve Ozcan,
2019; Guvendir ve Ozkan, 2021; Hartell ve Strimel, 2019; Inci, 2014) ve
smavlarin psikometrik ozellikleri gostermektedir ki matematik 6gretmenlerinin
sinifi¢i sinavlarii detayli, ulusal ve uluslararasi diizeyde incelemeye hala ihtiyag
vardir. Matematik 6gretim programi kazanimlarini smif i¢i sinavlar ¢ok kapsamli
sekilde 6lgememekte ve ileriye yonelik siav puanlart ile iligkili olmas1 6nemini

bir kez daha agiga ¢ikarmaktadir.
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Ogrencilere planli olarak kazandirilacak bilgi, beceri, tutum ve davranislar
biitlinsel bir stratejinin parcasi olarak 6gretim programlar ile diizenlenmektedir.
Tiirkiye'de bu kapsamda egitim programlarinin hazirlanmasi, gelistirilmesi ya da
degistirilmesi siirecinin egitim sisteminin diger alt bilesenleri ile birlikte
diisiiniilmesi  gerekmektedir. ~ Milli Egitim Bakanliginin taslak 6gretim
programlarin1 temel beceri ve yeterlikler cercevesinde olusturmus oldugu
gozlenmekte, bu kapsamda Avrupa Yeterlilikler Cergevesi (2008), Milli Egitim
Kalite Cergevesi ve resmi gazetede yirirlige giren Tirkiye Yeterlilikler
Cercevesi (2016) dikkate alinarak hazirlanmis oldugu belirtilmistir. Ancak
Ogretim  programi  gelistirme siirecinin  siirekliligi  agisindan, Onerilen
programlarin 6nceki programlardan hangi noktalarda farklilagtiginin; felsefe,
amag, Ogretim silireci ve Olgme-degerlendirme boyutlarinda yapilan
degisikliklerin nedenlerinin aciklanmasina ihtiyag vardir. Ilgili alanyazin
incelendiginde, dgretmenlerin bu degisimin bir pargast olarak 6gretim programi
slirecinin gesitli boyutlarinda kisitli oynadiklari (Priestley, Edwards, Priestley &
Miller, 2012) ortaya c¢ikmustir. Programin amacini, igerigini, kazanimlar
bilmekte ancak bunlar1 gelistirme konusunda diisiik yetkinlik gosterdikleri
belirlenmistir (Eris ve Kilicoglu, 2019). Dolayisiyla 2017 yilindaki 6gretim
programi degisikligi siirecinden sonra 6gretmenlerin siif i¢i yenilik¢i egitim
yaklagimlari1 uygulamada ve Olgme-degerlendirme siireclerinde ne tiir
degisiklikler yaptiklarina dair somut kanitlar ve 6gretmenlerin deneyimlerine ait
giincel veriler sinirhidir (Kerkez, 2018). Ayrica PISA, TIMSS gibi uluslararasi
sinavlarda 6grencilerimiz diger iilkeler arasinda ¢ok diisiik basar1 gdstermektedir
(MEB PISA On Raporu, 2019). Bu tiir sinavlarda agik uclu sorular ile de
karsilasmaktalar ancak acik ucglu soru ftiirlerinin ¢6ziim siirecine aligkin
olmadiklar1 i¢in bu tiir sorularda diisiinme siireclerini yeterince yansitamadiklari

problem durumu olarak karsimiza ¢ikmaktadir.

Nitelikli bir 06gretim ve Olgme-degerlendirme siireci i¢in Ogretmenlerin,
ulkemizdeki ogretim programi degisikliginden sonra Ogretim programi
degisikliginden ne derece haberdar olduklari, adaptasyon olabilme siiregleri,

ogretim programi felsefesi ve yaklagimia uygun olarak smif i¢i &gretim
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yontemlerinde ve o6lgme-degerlendirme stratejilerinde ne tiir degisiklikler
yapmay1 tercih ettikleri, smifi¢i sinavlarmm1 hangi biligsel diizeylerde
hazirlayabildikleri kesfedilmeyi bekleyen olgulardan birkagidir. Ogretmenlerin
halihazirdaki niteligi ile birlikte ortaokul O6grencilerinin de iist diizey biligsel
becerileri Ol¢ebilen yenilik¢i soru tiirlerine hazirbulunusluklari, bilgilerini ne
diizeyde yansitabildikleri, 1t diizey bilissel becerilerini ne diizeyde
kullanabildikleri ve sorularla basbasa kaldiklarinda duygularini nasil yansittiklari
cesitli arastirmalarla baslamistir. Ogretmenlerin ne bildigini ve ne 6grettiklerini
derinlemesine arastiran fakat ayni baglamda 6grencilerin ne anladigini1 ve konu
kapsaminda yapabildiklerini anlatip biiylik resmi gosteren ¢ok boyutlu
calismalara ihtiya¢ giderek artmaktadir. Ancak, Tirkiye'deki disiplinler arasi
calismalari iceren ilgili literatiirde ¢ok az kamit bulunmaktadir (Unal vd., 2020;
Azevedo ve Aleven, 2013; Van Gog ve Jarodzka, 2013).

Insanlarin i¢ diinyasinda meydana gelen iistbilissel bilgi ve beceriler, bu
becerilerin kullanimi1 ve deneyimi sanildig1 kadar kolay olgiilememekte, cesitli
caligmalara konu olmaya devam etmektedir. Psikolojik ara¢ oOl¢limleriyle,
fizyolojik ara¢ Olctiimleriyle duygu ve bilis icerisinde olan beceriler 6lgiiliip
degerlendirilmekte hatta katilimer gruplar (yetiskin veya ¢ocuk) sesli diisiinme
stirecine (think-aloud process) maruz birakilarak igsel konugmalarini yansitmasi
beklenmektedir. Clnki bilgi ve becerileri bilmek her zaman bilingli kullanmak
demek olmayabilir. Bu nedenle gegerli ve guvenilir araclarla o6lgtlmesi,
aragtirma katilimcisinin aragtirmacinin sorusuna verdigi yanitlarin ve yansittig
cevaplarin dogrulugunu test etme acisindan Onemlidir. Karma yontemlerin
artmasiyla birlikte veri c¢esitlemesini kullanma en giiglii stratejilerden biri
olmaktadir (Toraman, 2021). Ogrenci ve Ogretmenler iizerinde gdz izleme
teknolojileri, galvanik cilt tepkisi (GSR) araclari, akilli saat araglari,
grafik/bambu tabletler, GoPro yuksek teknoloji kameralari, giinliik dosyalari,
fizyolojik laboratuvar verileri, ekran kayitlari, sesli diistinme stiregleri, kendi
kendine diisiinmeyi Olcen teknolojilerini kullanmaya artan bir ilgi vardir.
Kendini agiklama (re-expression) oturumlari, duygular ve yuz ifadelerinin ve

sOylemlerin dilsel analizi (Azevedo, 2002; Azevedo vd., 2017; Azevedo ve
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Gasevi¢, 2019; Jarodzka vd., 2017; van Gog ve Jarodzka, 2013) egitim arastirma
calismalarinda teknolojinin ilerlemesiyle ¢okca kullanilmaktadir. Ogrencilerin bu
yontemlerle analizi de arastirmanin diger bir boyutunu belirlemede yonlendirici

olmustur.

1.1.Calismanin Amaci

Bu ¢alismanin 6ncelikli amaci, 6gretmenleri degisimin bir pargasi sayan ekolojik
yaklagim baglaminda, Tirkiye'de 2017-2018 egitim Ogretim yilindan beri
uygulanmakta olan matematik 6gretim programina gére ortaokul matematik
Ogretmenlerinin 6gretim yontemi tercihlerine ve dlgme-degerlendirme siiregleri
ile onlarin 6grencilerinin acik uclu sorularla ilgili deneyimlerine bakmaktir.
Diger bir ifadeyle, Tiirkiye'de egitim politikas1 degisikligi sonrasi ortaokul
matematik  6gretmenlerinin  6gretim  yontemi ve Olgme-degerlendirme
stireclerinin kalitesini ekolojik bir yaklasimla ve ortaokul 6grencilerinin farkli
soru maddelerine verdikleri yanitlarin kalitesini onlarin istbilis ve duygusal
tepkileri baglaminda c¢oklubicimli karma yontem eszamanli baskin durum
tasartm1  (multimodal mixed methods concurrent dominant status design)

kullanarak incelemektir.

1.2. Tammmlar

Ogretim Programu Degisikligi, 6gretim programmi bazi yonlerden farkli
kilmak amaciyla, ama¢ ve hedefler acisindan felsefesini degistirmek, igerigini
gozden gecirmek, Ogretim yontemlerini gézden gecirmek ve degerlendirme
prosediirlerini yeniden diisiinmektir (Priestley vd., 2015). Degerlendirme
Degisimi ise, 6lcme, degerlendirme ve degerleme siireclerinde ve tiirlerinde yeni
uyarlamalar yapabilmek, 6gretmenin otonomisiyle sinif i¢inde farkli degerleme
tirleri kullanabilmesi, yeni bir teknolojinin benimsenmesini, kilit bir sureci
degistirmeyi veya degerlendirme sistemini yeniden yapilandirmay1 dahil ederek

temel 6gretme ve 6grenme hedeflere ulagmaktir (Carless ve Zhou, 2015).

370



Ustbilis (Metacognition), en genis ¢ergevede ne bildigini bilme ve kendi
diisiince sisteminin farkinda olma olarak tanimlanirken (Flavell, 1979);
bireylerin problemleri ¢ozmek i¢in stratejiler gelistirmesini ve kendi diislince
stiregleri hakkinda diisiinmelerini igermektedir. Bu siire¢ planlama, izleme, kendi
kendini kontrol etme, biligsel strateji, farkindalik gibi cesitli alt kategorilere
ayrilmistir (O'Neil ve Abedi, 1996; O’Neil ve Brown, 1998). Ust bilisin alt
becerilerinden olan bilissel strateji (cognitive strategy) ise 6grencilerin istenen
becerileri  gergeklestirmelerini  saglayan, igsel prosediirler gelistirdikge
performansini kolaylastiran veya destekleyen, hedefe yonelik ve bilingli olarak
kontrol edilebilir bir strectir (Mcewen, Huijbregts, Ryan ve Polatajko, 2009).
Diger bir alt beceri olan 6z kontrol (self-checking), bir goreve baslarken veya
¢Oziim siireci igerisinde performansini kendi kendine izleme ve hatalarini

farkedip diizeltme olarak tanimlanmaktadir (Shaughnessy vd., 2008).

Duygu (affect), duygularin ve duygularin deneyimini ifade eden psikolojik bir
terimdir. Duygular, ruh halleri veya benlik saygisi gibi benligi rahatsiz eden
duygular ve diger zihinsel durumlar i¢in genel bir terimdir (Forgas, 1994).
Ayrica 6grencilerin korku, endise, fiziksel rahatsizlik veya sinirlilik gibi test
durumlarina fiziksel bir tepkisidir (Lufi vd., 2004). Duyguyu yansitan endise
(worry); ogrencilerin degerlendirme tiiriiniin biligsel yeteneklerini ve kaygi
deneyiminin biligsel bilesenlerini 6lgmek i¢in uygun olup olmadigina dair 6z
degerlendirmesidir (Awang-Hashim vd., 2010). Test durumlarina baglanan
biligsel bir sikinti olarak da tamimlanmaktadir (Lufi vd., 2004). Caba ise
denemeye devam etme istegi ve bir gorevi tamamlamak icin zihinsel gii¢ veya

devam etme istegi olarak tanimlanmaktadir (Awang-Hashim vd., 2010).

Goz Izleme, gorsel dikkate erismek icin géz konumunu ve hareketini izlemektir.
Arastirmacilarin  kattlmcinin - g6z  hareketlerini  gergek zamanli olarak
Olcmelerine ve herhangi bir zamanda kullanicinin odak noktasinin nerede

oldugunu bilmelerine yardimci olur (IMOTIONS, 2021).

371



1.3.Arastirma Sorulari

1) Ortaokul 6grencilerini 6grenme c¢iktilarina hazirlamak i¢in yiiriirliige giren
ortaokul matematik 6gretim programi (2017-2018 akademik donemde gecerli

olan) 6nerilen degerlendirme prosediirleriyle ne 6l¢iide uyumludur?,

2) Ortaokul matematik 6gretmenlerinin matematik 6gretim programi degisikligi
sonrasinda sinifta kullandiklar1 6gretim yontemleri ve Ol¢gme-degerlendirme
stratejileri 6nceki programa (2016-2017 akademik yariy1l sonuna kadar gegerli
olan) gore nasil farklilik gostermektedir?,

3) Ortaokul 6grencileri iistbiligsel becerilerini (biligsel strateji ve kendi kendini
kontrol etme) ve duyussal siire¢ (¢caba ve endise) diizeylerini farkli madde
tiirlerine  verdikleri yanitlara g6re nasil yansitmaktadirlar? Ogrencilerin
ustbiligsel beceri ve duyussal diizeylerinin ¢oktan se¢meli ve acik uclu
maddelere verdikleri yanitlara yansima miktarlar1 arasinda anlaml bir fark var

midir?,

4) Ogrencilerin farkli tiirdeki sorulara verdikleri tepkileri ve sorulara yanitlari
galvanik cilt tepkisi (GSR) ve kalp atis hizt (HR) dahil olmak {izere goz izleyici
ve biyometrik sensorlerin kullanimiyla farkli biligsel stratejiler ve duyussal

acisindan (aktif kullanim) agilardan degerlendirmek nasil miimkiin olabilir?,

5) Ogrencilerin iistbilissel (biligsel strateji ve kendi kendini kontrol etme) ve
duyussal siire¢ (endise ve caba) tepkilerini bir derin veri model tasarimi

araciliiyla olgilip degerlendirebilecek hangi néro/biyobelirteclere ihtiyag vardir?

2. YONTEM

Bu karma yontem calismasi ii¢ temel arastirma boyutu ve bes alt asamadan
olusmaktadir. 1) Dokiiman Analizi: Ozgiin 6gretmen yapimi soru maddelerinin

incelenmesi; 2) Nicel Tarama Asamasi: Ogretmenlerin 6gretim yontemi ve
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6lgme-degerlendirme stratejisi tercihlerinin incelenmesi; 3) Coklubicimli Asama
(Multimodal Phase): Ogrencilerin iistbilis ve duyussal siireclerinin farkli soru
tirlerine yansimasi; 4) Coklubicimli Asama: GOz izleme ve biyometrik sensorler
kullanilarak Ogrencilerin farkli tiirdeki sorulara tepkilerinin ve yanitlarinin
degerlendirilmesi (Asama 3 ve Asama 4 Coklubigimli Asama: Egitimsel
Noreobilim olarak adlandirilacak) 5) Birlesme (Entegrasyon): Ustbilis ve

duygusal surecler icin bir Derin Veri Sisteminin modellenmesi.

2.1.Arastirma Tasarim

Bu calismanin amaci ve arastirma sorularinin dogasi geregi, arastirmanin deseni
karma yoOntem arastirma desenidir. Karma yontemli bir ¢alisma, verilerin
eszamanli veya sirali olarak toplandigi, dncelik verildigi ve verilerin siirecin bir
veya daha fazla agsamasinda entegrasyonunu igeren tek bir ¢aligmada hem nicel
hem de nitel verilerin toplanmasini veya analizini igerir (Creswell vd., 2003).
Creswell'e (2018) gore, karma yoOntem arastirmalar1 arasinda bir¢ok tasarim
mevcuttur. Creswell’in Kismen Karma Eszamanli Baskin Durum tasarimindan
adapte edilerek (detay icin sf. 84’deki gorseli inceleyiniz) Coklubigimli Karma

Eszamanli Baskin Durum deseni 6zgiin olarak tasarlanmistir.

2.2.Arastirma Katihmcilar

Kismen karma es zamanli baskin durum aragtirma tasarimina dayanan bu
calisma, 2017-2018 akademik yilinin giiz doneminde baslamig, 2020-2021
akademik donemlerinde de devam etmistir. Orta Dogu Teknik Universitesi
(ODTU) ve Milli Egitim Bakanligi (MEB) etik kurul izinlerinin ardindan (bkz.
Ekler D-1) arastirmaci, asagidaki siirecleri gerceklestirmistir. Istanbul ili Sariyer
ilgesindeki resmi ve Ozel ortaokullardan arastirmaya katkida bulunmak isteyen

toplam 8 okul (2 6zel ve 6 devlet) bulunmaktaydi.
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2.2.1. Dokiiman Analizi: Otantik 6gretmen yapim soru maddelerinin

incelenmesi

Bu arastirmanin ilk boyutunun g¢alisma grubu amagli Ornekleme olarak
secilmistir. Analiz birimi Istanbul ili Sariyer flgesi mahallesinde bulunan her bir
okuldur. 5 ortaokul (1 6zel ve 4 devlet) ¢alismanin ilk asamasinda katki saglama
davetini kabul etmis, otantik 6gretmen yapimi smavlar toplam 10 ortaokul

matematik 6gretmeninden toplanmustir.

2.2.2. Nicel Tarama Asamasi: Ogretmenlerin 6gretim yontemlerinin ve

6lgme-degerlendirme strateji tercihlerinin degerlendirilmesi

Bu arastirmanin ikinci boyutunun ilk ¢alisma grubu amacl 6rnekleme yontemine
gore secilmistir. Sariyer ilgesindeki 8 ortaokuldan (2 0zel ve 6 devlet) toplam 14
ortaokul matematik 6gretmeni katilmistir. Katilimcilar 28-42 yaslar1 arasinda 11
kadin (%79) ve 3 erkek (%21) olmak (zere mesleki kidemleri 2 ile 20 yil
arasinda degismektedir. Ogretmenlerin cogu (n = 11) ilkdgretim matematik
ogretmenligi (egitim fakiiltesi) mezunudur. Bunlardan sadece (¢l matematik
(fen fakdltesi) bolimiinden mezun olmus ve pedagojik formasyon sertifikasi
almislardir. Ogretmenlerin ¢ogu iki sinif diizeyinde (8rnegin, 5. ve 7. simf veya
5. ve 6. siif), cok az1 ikiden fazla siif diizeyinde (6rnegin, 5. sinif, 7. sinif ve 8.

sinif) matematik dersi vermekteydi.

Yukaridaki pilot caligmaya katilan 6gretmen grubundan sonra, aragtirmanin
ikinci caligma grubu (ana katilimci grubu) 350 ortaokul matematik
ogretmeninden olugmaktadir. Bu katilimcilar elverisli 6rnekleme (convenient
sampling) yontemine gore segilmistir. Arastirmaci Istanbul ilindeki ilgeleri
gezerken buldugu okullarda uygun olan ve arastirmaya goniillii katki saglamak
isteyen O0gretmenlerden veri toplayabilmistir. Hatta okullarin tatil oldugu seminer
donemlerinde ilge Milli Egitim’den seminer okullarini 8grenmis; bdylece o
okullar ziyaret ederek seminer Oncesi veya ¢ikislarinda yiiksek sayida ortaokul

matematik 6gretmenine 6l¢egi uygulamak iizere ulagabilmistir.
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2.2.3. Coklubi¢cimli Asama: Noroegitim

(Bu boliim Asama 3: Ogrencilerin iistbilis ve duyussal siireclerinin farkli soru
tirlerine yansitilmasi ve Asama 4: Goz-izleme ve biyometrik sensorler
kullanilarak &grencilerin  farkli soru tiirlerine fizyolojik tepkilerinin ve
yanitlarinin degerlendirilmesi adimlarin1 igeren aragtirmanin {ig¢lincii temel

boyutudur.)

Noroegitim ¢alismasina (arastirma baglami ve ortami igin bkz. sf. 104) katilan
ortaokul 6grencileri once amagli 6rnekleme sonra da kartopu drneklemine gore
secilmigtir. 5. smmf Ogrencileri 10 yasinda, 17'si kiz (%53) ve 15'1 erkek
(%47)’tir. Toplamda yaklasik beste biri (%22) 6zel okullarda okurken ¢ogu
Besiktas, Sartyer, Fatih ilgelerinde devlet okullarinda okumaktadir. Ogrencilerin
egitim gordigi ilgeler {i¢ bolgeye ayrilmis; bes 6grenci Besiktas'ta (%16), 13'U
Sariyer'de (%41) ve 14'Gi Fatih ilgelerinde (%44) oOgrenim gormektedir.
Ogrencilerin, laboratuvar arastirmas: siirecinde matematik sorularmni ¢dzerken
kullandiklar1 maksimum toplam siire 31 dakika, minimum siire 9 dakikadir. Test
verilerine gore, sire agisindan, maddelere yanit verirken en fazla zaman
ayirdiklar1 soru 2,9 dakika ile 3. soru (Revize edilmis Bloom Taksonomisine

gore Islemsel bilgi, Degerlendirme bilissel siireci gerektiren bir soru) olmustur.

2.3. Veri Toplama Araclari

2.3.1. Dokiman Analizi: Otantik 6gretmen yapimi soru maddelerinin

incelenmesi

Tiirkiye'deki ortaokul matematik O6gretmenleri, 6grencilerine bir yariyilda iki
temel sinifi¢i sinav yapmakla ylkdmlidlr. Arastirma siirecinin ilk sorusunu
takiben otantik 6gretmen yapimui sinifi¢i siavlarin kendisi ortaokul matematik

Ogretmenleri tarafindan bizzat arastirmaci ile paylasilmistir.
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2.3.2. Nicel Tarama Asamasi: Ogretmenlerin 6gretim yontemlerinin ve

6lcme-degerlendirme strateji tercihlerinin degerlendirilmesi

Arastirmact tarafindan gelistirilen, sekiz soru igeren yari yapilandirilmig bir
goriisme protokolii (bkz. Ek K) hazirlanmistir. Formun gecerli ve guvenilir
olmas1 i¢in ayrica iki matematik Ogretmeni, matematik egitimi alaninda bir
dogent ve aragtirmaci damismanindan uzman goriisiine tabi tutulmustur.
Matematik o6gretmenlerinden 2017 sonrast Tiirkiye'deki egitim politikasi
degisikligi sonrasi Ogretim programi degisikligi (6gretim programi bakislari,
gozlemledikleri benzerlikler, matematik Ogretimine yonelik Ggretim yontemi
tercihleri ve 6grenci degerlendirme ve sinav hazirlama tercihleri, yapilandirmaci
yaklagim) hakkinda konusmalari istenmistir. Arastirmaci kiiltiirel 6zel baglama
gore pilot goriismeden ¢ikarimlara ve teorik literatire dayanarak, Ogretim
Yontemleri [OY/TM] ve Olgme-Degerlendirme Strateji [ODS/MES] Tercihleri
Anketi (OYODST-A) gelistirilmistir.

OYODST-A i¢in maddelerin yazilmasi. OYODST-A (ingilizcesi TMMESP-
Q), matematik Ogretmenlerinin sirasiyla Ogretim  yontemi ve Olgme-
degerlendirme stratejileri tercihlerini dlgen iki boliime dayanmaktadir. Olgek
“kesinlikle katiliyorum” ile “kesinlikle katilmiyorum” arasinda 5'li Likert tipi bir
Olgekte derecelendirilen toplam 35 maddeden olusmaktadir. TMMESP-Q
maddelerinin Turkge versiyonunun cevirisi Ek M'de, ceviri slreci ise EK N'de

tablolastirilmistir (Yap1 gegerligi sonuglart i¢in bkz. sf. 180).

2.3.3. Coklubigimli Asama: Noroegitim

Pilot hazirlik asamasindan (detay igin bkz. sf. 137) sonra TIMSS, PISA, MEB
ulusal sinavlar1 ve matematik 6gretmenlerinin sinif i¢i otantik sinavlaria benzer
sekilde ortaokul o&grencileri icin 10 matematik maddesi hazirlanmis ve
uzmanlarinda goriisleri alinarak soru havuzundan maddeler se¢ilmistir. Bu soru
havuzu c¢oktan se¢meli ve agik uglu olarak 2 gruba ayrilmistir. ME, CI ve MFE

departmanlarinin uzman goriisiinden sonra, Sesli Diisiinme Siireci protokoli
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(bkz. Ek R) tasarlandi. Bu protokoliin amaci Ogrencilerle yapilan ana
caligmadaki goriismelerde O6grenciler soru maddelerini ¢ézerken {istbiligsel ve
duyussal siire¢  Olglimlerinin  yapildigi  performanslar1  s6zli  olarak

degerlendirmelerine yardimer olmaktir.

2.4.\Veri Toplama Surecleri

2.4.1. Dokiiman Analizi: Otantik 6gretmen yapimi soru maddelerinin

incelenmesi

Otantik (6zgtin) 6gretmen yapimi sinifi¢i sinavlar, Turkiye'de alt-orta ve orta
SES ilgelerinde bulunan 5 farkli devlet (%62) ve 6zel okuldan (%37), iki set
olarak, 10 matematik 6gretmeni tarafindan arastirmaciya teslim edilmistir.
Toplam 21 6zgiin 6gretmen yapimi sinav kagidi toplanmis, soru maddesi

toplaminin 380 oldugu goriilmiistiir.

2.4.2. Nicel Tarama Asamasi: Ogretmenlerin 6gretim yontemlerinin ve

6lgme-degerlendirme strateji tercihlerinin degerlendirilmesi

Arastirmaci etik kurul izinleri kapsaminda Istanbul’da bulunan gesitli ilcelere
kendi imkanlari ile ulagsmis, okul yonetimi ve ¢calismaya goniillii katilmak isteyen
matematik Ogretmenleri ile tanismistir. Ders aralarinda 0gretmenler ile birebir
gorliserek TMMESP-Q anketini doldurtmustur. Bu sekilde metropol bir sehir
olan Istanbul’da ilgeleri gezerek 20°den fazla okuldan veri toplamistir. Daha
once de belirtildigi gibi arastirmaci Istanbul ilindeki ilgeleri gezerken okullarin
tatil oldugu seminer dénemlerinde Ilge Milli Egitim’den seminer okullarmi
O0grenmis; boylece o okullar1 ziyaret ederek seminer oncesi veya ¢ikislarinda
yiksek sayida ortaokul matematik Ogretmenine Olgegi uygulamak {izere

ulasabilmistir.
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2.4.3. Coklubicimli Asama: Noroegitim

RQ3 ve RQ4'i arastirmak i¢in (ayrintilar i¢in sayfa 5'e bakin), uzun Covid-19
salgin1 sirasinda Beyin Dinamikleri Laboratuvari'ndaki yardimci danigmanimla
igbirligi yaptim. Pilot hazirlik asamasindan sonra ortaokul &grencileri igin
TIMSS, PISA ve MEB ulusal sinavlarina ve otantik matematik 6gretmenlerinin
sinif i¢i smavlarina benzer 10 matematik maddesi hazirlanarak secilmistir. Bu
madde havuzu coktan se¢meli ve agik u¢lu maddeler olmak {izere iki gruba
ayrilmistir. Olgme ve Degerlendirme, Egitim Programlar1 ve Ogretim, ve
Matematik ve Fen Bilimleri Egitimi Boliimlerinden uzman goriisiine
danigildiktan sonra, Think-aloud Process (sesli diisiinme siireci) protokoli
tasarlandi. Ancak Kovid-19 kosullart nedeniyle MEB'den izin yine ertelendi ve
neredeyse alt1 ay beklemek zorunda kaldim. Laboratuvar ortami &grencilerin
iyiligi i¢in 6zel olarak hazirlanmistir. Otuz iki 5. smif 6grencisi aileleri ile
birlikte davet edildi ve bazen 6zel okul servisi ile tasindi. Deneysel siirece
goniillii olarak katilmiglardir ve laboratuvarda yiiriitiilen ve yaklasik 40 dakika
stiren  Ustbilissel ve  duyussal siireclerle  Olclilen  performanslar

degerlendirilmistir.

Bu calismalar 27 Ocak 2021 ile 26 Mart 2021 tarihleri arasinda iki ay siirmiistiir.
Ogrenciler maddeleri cevaplarken sesli diisiinme siireci gerceklestirilmistir. Dort
ay boyunca, farkli biyometrik araclar, gériismeler ve alan notlarimdan ayrintili
veriler igeren derinlemesine analiz raporlar1 yazildi. Analizin kodlayicilar arasi
glivenilirligini saglamak i¢in bir ortak kodlayict da kullanildi. Her bir veri analiz
stireci, fikir aligverisi ve uzman goriisleri danisman ve yardimeci danisman
tarafindan kayit altina alinmistir. Veriler biitiinciil olarak analiz edildi ve
sonuglar elde edildi. Adim 4: Yiiksek Sesle Diistinme Protokoliinden ve Bilissel-
Duygusal Olgiim Araglarindan Veri Derleme Siireci Sesli diisiinme siirecini
kullanan ogrencilerin ses kayitlart kelimesi kelimesine yaziya dokiilmiistiir.
Google Drive'da her 6grenci i¢in bireysel dosyalar acilarak goz takip sistemi, ses
kayitlar1 ve GSR Empatica 4 duygu ol¢iimlerinden elde edilen veriler saklandi.

Bu asamada her bir birey i¢in veri biriminin kaydedilmesi bir saat stirmiistiir.
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2.5.Veri Analizi

2.5.1. Dokiiman Analizi: Otantik 6gretmen yapimi soru maddelerinin

incelenmesi

Otantik 6gretmen yapimi smavlardan gelen 380 sinif i¢i sinav maddelerinin
igerigini 5 ana temada belirlemek icin dokiiman analizine (Patton, 2002) tabi
tutulmustur. BoOylece smmav maddelerine iliskin dokiiman incelemesi 5 ana
temaya ayrilmustir: 1) Madde tiirii, 2) Ortaokul Tiirkiye Matematik Ogretim
Programinm Ogrenim Unitesi (MEB, 2018), 3) Egitim programindan elde edilen
kazanimlar (MEB, 2018), 4) Revize Edilmis Bloom'un Taksonomisi (Bloom ve
digerleri, 1956; Anderson ve Krathwohl, 2001); 4.1.) Bilgi Diizeyi ve 4.2)
Biligsel Siire¢ Boyutu, 5) Uluslararas1 Matematik ve Fen Egilimleri Arastirmasi
[TIMSS] Bilissel Alan ve alt alanlar1.

2.5.2. Nicel Tarama Asamasi: Ogretmenlerin 6gretim yontemlerinin ve

6lgme-degerlendirme strateji tercihlerinin degerlendirilmesi

Tarama sireci sonunda elde edilen veriler 6ncelikle kontrol edilmis, her bir
ogretmenin ankete verdikleri yanitlar 6nce excel.xls ardindan SPSS istatistiksel
paket programa aktarilmistir. Eksik veri (missing data) olup olmadigi kontrol
edilmistir. Veriler betimsel olarak analiz edilmis, aykir1 degerler danisman
goriisleri de dikkate alinarak ayiklanmistir. 350 katilimc1 grubundan 6 adet ayriki
deger atilmis, 344 veri analiz edilmek {izere saklanmistir. Veriler arastirma
sorularmi takiben betimsel ve yordamsal agidan istatistiksel olarak analiz

edilmistir.

2.5.3. Coklubi¢cimli Asama: Noroegitim

Calismanin {¢lincti biiylik boyutundaki veriler, sesli diisiinme siireci protokolii
kullanilarak 10 yasindaki 32 5. ¢ocuktan toplanmistir. Cinsiyet, okul bolgesi,

okul biiytikligl, okuldaki 6gretmen sayist ve bolgedeki okul sayist ile ilgili
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bilgiler elde edildi. Arastirmanin amaci, ¢ocuklarin 10 matematik maddesini
¢Ozerken kullandiklar: tistbilissel ve bilissel becerileri belirlemektir. Goriismeler
yaziya dokiilmiis ve ¢esitli cihazlar kullanilarak fizyolojik veriler toplanmustir.
Iki farkli sablon hazirlandi. Gériismeler bu sablonlar kullanilarak her ¢ocuk igin
ayrt ayrt kodlanmistir. Farkli biyometrik araclar, goriismeler ve arastirmacinin
alan notlarindan detayli veriler oldugu i¢in yaklasik 4 ay boyunca derinlemesine
analiz raporlar1 yazilmistir. Analizin kodlayicilar arasi giivenilirligini saglamak
icin bir ortak kodlayict da kullanildi. Clnki veri birlestirme (data aggregation),
karma yontemden gelen arastirma verilerinin birlesme fonksiyonu dikkate
alimarak bir araya getirildigi ve Ozet olarak aktarildigi stirectir. Tipik olarak

istatistiksel analizin performansindan 6nce kullanilir.

RQ 3’ii ve RQ 4’1 arastirmak iizere, her adimin hazirlanmasinda danigsmanim ve
yardimcl danigsmanimdan uzman goriisii aldim ve istatistiksel analizler yaptim.
Verilerin her asamada anlamli bir sekilde derlendiginden, toplandigindan ve
entegre edildiginden emin oldum. Haftalik 2 saatlik toplantilarda danismanimdan
ve yardimci danismanimdan uzman goriisii ve geri bildirim aldim. Daha sonra,
temel istatistik kitaplarindan arastirma sorularmma cevap arayacak analizleri
kontrol ederek istatistiksel analizleri ¢alistirdim (6rn., Field, 2013; Tabachnick
ve Fidell, 2013). Calismanin sonuglarin1 detaylandirdikca, ndroegitim arastirma
stirecinde topladigim ve analiz ettigim verilerin biiyiik bir ylizdesinin kategorik
oldugunu, yani nominal bir O6l¢iim dizeyine sahip oldugunu fark ettim;
Noroegitim verileri ile istatistiksel olarak cikarimsal bir analizini yapmak igin
Ki-Kare Testi ile Binomial Lojistik Regresyon analizleri segilmistir (Tabachnick
ve Fidell, 2013). Veriler biitiinciil olarak analiz edilmis ve sonuglar

raporlanmistir.
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3. BULGULAR

3.1.1. Dokiiman Analizi: Otantik 6gretmen yapimi soru maddelerinin

incelenmesi

380 otantik Ogretmen yapimi sinifi¢gi matematik sinavi maddesinin tamami,
ulusal ortaokul matematik miifredati 6grenme ¢iktilar1 ve konu alanmi (yani
matematik Uniteleri) ile ilgili olarak analiz edildi. Ozellikle, maddelerden elde
edilen bulgular, ortaokul matematik 6gretmenlerinin 5. sinifta siklikla Sayilar ve
Islemler temel iinitesine dayal1 test maddeleri hazirlama egiliminde olduklarini
ve madde tiirleri agisindan kendilerini agik-uclu (AU) ve coktan secmeli (CS)
maddeleri ile kisitladiklarin1 ortaya koymustur. Ogretmenler matematik 6gretim
programi 6grenme ¢iktilarina uygun maddeler hazirlayabilmekteler. Bununla
birlikte, bu 6grenme ¢iktilarinin, maddelerin gelistirildigi 5. smif seviyesinin
izerinde (yani 6. veya 7. sinif) veya altinda (3. veya 4. sinif) oldugu bulundu. 5.
sinif ulusal matematik 6gretim programinda yer alan kazanimlarin beste birinin
(f = 70) iist diizey diistinme becerileri (HoTs) ile iliskili oldugu, beste dordiiniin
(f = 310) ise alt diizey diisiinme becerileri (LoTs) (f = 310) ile iliskili oldugu
tespit edilmistir. Bes farkli okulda 10 matematik 6gretmeni tarafindan yapilan
tiim otantik 6gretmen yapimi maddeler (N = 380) analizi, 13 smavin 1. yartyil
kazanimlarina gore, sekiz siavin ise 2. yartyil kazanimlarina gére hazirlandiginm
gostermistir. Politika degisikligi oncesi ve sonrasi ile ilgili olarak, diger bir
deyisle politika degisikligi oncesi 69, politika degisikligi sonrasi 311 soru

maddesi hazirlanmistir.

10 matematik 6gretmeninin sinifi¢i sinav analizinden elde edilen verilere gore
(Revize edilmis Bloom Taksonomisinin Bilgi boyutunda) 55 madde Olgusal
(%14.47), 96 madde Kavramsal (%25.26), 228 madde Islemsel (%60), 1 madde
Ustbilissel (%0.26) dizeyde; (Revize edilmis Bloom Taksonomisinin Bilissel
Sure¢ boyutunda) 44 madde Hatirlama (%11.58), 91 madde (%23.97),
Uygulamada 217 madde (%57.11), Analiz etmede 25 madde (%6.58),

Degerlendirmede 3 madde (%0.79) oldugu gorilmiistiir. Yaratma (creating)
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diizeyinde herhangi bir soru maddesi eslenememistir. Ozetle, siifi¢i sinav
maddesi analizleri Revize edilmis Bloom Taksonomisine gore, c¢ogunlukla
Prosedirel bilgi dizeyi boyutuna (f = 228, %60) ve Uygulama biligsel siireci
boyutuna (f = 217, %57.11) dayandigin1 ortaya koymustur.

Bulgular, matematik 6gretmenlerinin en ¢ok geleneksel nesnel testleri kullanma
egiliminde oldugunu ortaya koymustur. Revize edilmis Bloom Taksonomisinin
bilgi diizeyi ve bilissel siire¢ boyutlar1 ile ilgili olarak, matematik maddelerinin
cogu Prosediirel (f = 228, %60), dortte biri Kavramsal (f = 96, %25.3) ve bazilari
Olgusal (f = 55, %14.5) diizeyi yansitiyordu. Neredeyse hi¢ Ustbilissel (f = 1,
%0.3) bilgi diizeyi boyutunda soru hazirlamadiklar1 fark edilmistir. Biligsel siireg
boyutu ile ilgili olarak dgretmenlerin yarist Uygulama (f = 217, %571), yaklagik
beste biri Anlama (f = 91, % 23.9), ylizde onbir Hatirlama (f = 44) ve biraz
Analiz (f = 25, %6.6) diizeyinde soru hazirlama egiliminde olmuslardir. Ancak
birkaci Degerlendirme (f = 3, %0.8) seviyesinde soru hazirlayabilmistir. TIMSS
Cergevesinde tamamlayici bulgulara baktigimizda, Ogretmen tarafindan
hazirlanan otantik smifi¢i smmav maddelerinin ¢ogunlukla ana alanin Bilgi
dizeyine (f = 331, %87) ve alt alanin Bilgi islem diizeyine (f = 164, %43)

dayandigini ortaya konulmustur.

Ozetle, bulgular 6gretim programi degisikliginin 6gretmenlerin smifigi sinav
hazirlama konusunda tam olarak kendilerini yenilemedigini ortaya koydu.
Ayrica, Ogretmen yapimi soru maddeleri genellikle disiik biligsel diizey
becerileri olgecek diizeyde hazirlanmakta, uluslararasi standartlarda bile Ust

diizey bilissel becerileri dlgecek sekilde karsilamadigi tespit edilmistir.
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3.1.2. Nicel Tarama Asamasi: Ogretmenlerin 6gretim yontemlerinin ve

6lcme-degerlendirme strateji tercihlerinin degerlendirilmesi

TMMESP-Q Analizi Betimsel Istatistik Sonuclari. Betimsel istatistik
sonuclara gore Ogretmenler, 6gretim programinin felsefesinde bir degisiklik
olmadig1 konusunda hemfikirdir (%52.50); 6grenme c¢iktilarinin sayisindaki
diisiisii (%76.70) fark ettiklerini, aksine konunun igeriginin zenginlestirildigi
(%47.50) konusunda hemfikir olmadiklarini belirtti. Milli Egitim Bakanligi
Matematik kaynak kitaplarinin iceriginde (%61) herhangi bir degisiklik
olmadigini, &gretmen el kitabim1 kullanmayr tercih ettikleri konusunda
diisiincelerini  belirtti  (%42.70). Genel o6gretim boyutunda O6grencilerin
yaraticiligina olanak saglayan etkinlikler yapmay1 tercih ettiklerini (%87.90);
ogrencilerini aktif hale getirmek icin smif i¢i Ogretim yOntemlerini
degistirdiklerini (%92.60); dersten Once Ogrencilerin hazir bulunusluklarini
kontrol ettiklerini belirtti (%88.50). Yalnizca dogrudan ogretim yontemi
kullanmamay1 (%72.60) tercih ettikleri ortaya ¢ikti. Ortaokul matematik
ogretmenleri, egitim politikast degisikliginden sonra Ogretim programinin
temellerinde (yani felsefe, amag, icerik) belirli bir degisiklik olmadigini
diistinmekte, 6grencilerin hazir bulunusluklarini kontrol ederken &grencilerini
aktif hale getirmek i¢in smif i¢i 0gretim ydntemlerini degistirmeyi, dgrenci
yaraticiligina olanak saglayan etkinlikler yapmay: tercih etti. Ogretim
tekniklerine bakildiginda ise sinif i¢i 6gretimde somut materyal kullanimi, grup
ogretim yontemleri, egitim teknolojileri ve farkli sorgulama teknikleri gibi daha

yapilandirmaci yaklasimlari tercih etme egiliminde oldu.

Olgme-degerlendirme acisindan genel ve alt boyutlar degerlendirildiginde,
Ogretmenlerin ~ genel Olgme-degerlendirme  siireci  boyutunda, 6nceki
uygulamalara gore degisiklik yapmay1 “bazen” tercih ettikleri, sinavlar1 nerdeyse
hi¢ veya nadiren indirilen ¢evrimi¢i kaynaklara dayali olarak hazirlama
egiliminde olduklar1 (6rnegin forumlar, web siteleri vb.) belirlendi. Ogrenme
kazanimlarin1 6lgmek igin “bazen” bigimlendirici degerlendirmeyi kullandiklari,

genellikle 6grencilerin smavlarda prosediirel becerileri kullanmasini gerektiren
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madde tiirlerini tercih ettikleri belirlendi. Ogretmenlerin %53'ii ¢coktan segmeli
maddeler igeren Olgme araglarini kullanmayi, %63.60'1 coktan se¢meli ve kisa
yanitli maddelerin karigimini igeren sinavlar hazirlamayi, %74.40'1 sif igi
sinavlarimda agik u¢lu maddeler kullanmay1 tercih ettigini belirtirken, %42.40"1
ogrencilerin donem sonunda performanslarini  gdstermelerini  saglayacak

portfolyo kullanmayi tercih ettigini belirtti.

TMMESP-Q Analizi Cikarimsal istatistik Sonuclari. Sonuclar cikarimsal
istatistiklerle de degerlendiridi. Ciinkii ilgili literatir 6gretmenlerin cinsiyeti,
okul tiirii, kidem yili (meslek yil1) ve egitim diizeyi (mezuniyet programi) gibi
bazi bagimsiz degiskenlerin dgretmenlerin dgretimsel strateji ve yOntemlerini

(bagimli degisken) tercihlerini belirledigini belirtmektedir.

Oncelikle t testi istatistiklerinin varsayimlari kontrol edildi. Rastgele érnekleme,
bagimsiz gozlem, normallik varsayimlari kontrol edildi. Levene Test sonucu ile
homojenlik varsayimi takip edilmis, anlamlilik degeri anlamli bulunmadi.

Bagimsiz orneklemler T testi ile devam edildi.

Ogretmenlerin cinsiyetlerine gore dgretim yontemi tercihlerini karsilastirmak
icin bagimsiz orneklemler t testi kullanilmistir (Tablo 4.15). Sonuglar, kadin
ogretmenler (M = 79.36, SD = 7.98) ve erkek ogretmenler (M = 77.07, SD =
7.71) arasinda 6gretim yontemi tercihleri toplam puanlarinda istatistiksel olarak
anlamli bir fark oldugunu; t (297) = 2.32, p < .05, r> = .02, iki kuyruklu test.
Kadin 6gretmenlerin 6gretim programi degisikligi sonrasi 6gretim yontemlerini
benimsemeleri erkek o6gretmenlere gore daha yiiksek bulunmustur. Ortalama
farki okursak, Cohen's d = (Ortalama Fark/SD) = (2.82)/ V15.69= 0.71. Cohen's
Standard'a (1988) gore 0 < d < .20 = kuguk etki; .20 < d < .80 = orta etki ve d >
.80 = biiyiik etki, 0.71 > .20 oldugundan orta etkidir. Ayrica, Eta kare n’=
t2/(t2+df) = (2.32)%/ (2.322+297) = 0.02. Cohen'in Standardina (1988) gore .01 =
kiiciik etki, .06 = orta etki ve .15 = biiyiik etki; .02 > .01 olmas1 nedeniyle kii¢iik
ile orta dizeyde bir etkidir. Yani, cinsiyet degiskeni Ogretmelerin Ogretim

yontemi tercihlerindeki varyansin %2'sini agiklamaktadir. Ancak, 6gretmenlerin
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6lgme-degerlendirme stratejisi tercihine gore; erkek dgretmenler (M = 51.34, SD
= 7.70) ve kadin ogretmenler (M = 50.87, SD = 6.90) arasinda Ol¢me-
degerlendirme stratejisi tercihi toplam puanlar1 arasinda istatistiksel olarak

anlamli bir fark bulunmamustir.

Ogretmenlerin kidem yillarma gore 6gretim yontemi tercihlerini karsilastirmak
icin bagka bir bagimsiz orneklem t testi kullanilmistir (Tablo 4.16). Sonuglar,
kidem yili 15'ten kiigiik olan 6gretmenler (M = 78.11, SD = 8.19) ile kidem y1l1
15'ten biiyiik ve esit olan (M = 80.27, SD = 6.84); t (296) = 2.05, p < .05, r? =
.01, iki kuyruklu test. Meslekte 15 yil ve lizeri deneyime sahip 6gretmenlerin
Ogretim programi degisikligi sonrast 6gretim yontemi tercih toplam puaninin 15
yildan az meslekte deneyimli Ogretmenlere gore daha yiikksek oldugu
bulunmustur. Meslekte en az 15 yil gorev yapmis Ogretmenlerin 6gretim
programi degisikligi sonrasinda farkli yapilandirmaci 6gretim yontemlerini tercih
etme egiliminde olduklar1 ve 6gretim yontemi tercihleri agisindan degisimin sinif
icerisindeki degisim oOnciisii (i.e., agent of change) olmaya egilimli oldugu
sOylenebilir. Ortalama farki okuyarak, Cohen's d = (Ortalama Fark/SD) = (2.16)/
V15,03=0.56. Cohen's Standard'a (1988) gore 0 <d < .20 = kiiciik etki; .20 <d <
.80 = orta etki ve d > .80 = biiyiik etki, 0.56 > .20 oldugundan orta etkidir.
Ayrica, Eta kare n?= t%(t>+df) = (2.05)% (2.05%+296) = 0.01. Cohen'in
Standardina (1988) gore .01 = kiglk etki, .06 = orta etki ve .15 = biyik etki; .01
= .01 oldugundan kiigiik bir etkidir. Ayrica dgretim yontemi tercihlerindeki
varyansin %l1'inin kidem yili ile agiklandigi seklinde yorumlanabilir. Ancak,
ogretmenlerin Olgme-degerlendirme stratejisi tercihi baglaminda; kidem yih
degiskenine gore 0lgme-degerlendirme stratejisi tercihi toplam puanlar1 arasinda

istatistiksel olarak anlamli bir fark bulunmamustir.

Ote yandan egitim diizeyi ve okul tiiriine gdre, dgretmenlerin dgretim ydntemi
tercihi toplam puanlari arasinda istatistiksel olarak anlamli bir farklilik

bulunmamuistir. Benzer sekilde devlet okullarinda goérev yapan 6gretmenler (M =

51.32, SD = 7.43) ile 6zel okullarda gorev yapanlar (M = 50.48, SD = 6.60)
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arasinda Olgme-degerlendirme stratejisi tercihi toplam puanlar1 arasinda

istatistiksel olarak anlamli bir fark bulunmamustir.

Coklubicimli Asama: Néroegitim. Ogrencilerin ¢oktan secmeli maddelere
verdikleri yanitlarda bilissel strateji (cognitive strategy) becerisini yansitma
dizeyi (f = 129, %26), yansitamayanlara (f = 166, %34) gore sayica biraz daha
diisiiktii. Ayrica, 6grencilerin ¢oktan se¢meli maddelere verdikleri yanitlarda 0z
kontrol (self-checking) becerisini yansitma dizeyleri (f = 190, %?29),
yansitamayanlara (f = 67, %10) gore 3 kat daha fazlaydi. Diger bir deyisle,
ortaokul 6grencilerinin tigte birinin 6z kontrol becerilerini yansitabilme diizeyi (f
= 190, %29), bilissel strateji becerilerini (f = 129, %26) yansitabilmelerinden
biraz daha yuksekti. Coziime yonelik kendine giiven diizeyleri diisiikse, kendi
kendini kontrol etme becerilerini kullanma egilimindeydiler. Ugte birinden
fazlas1 acik uc¢lu maddelere verdikleri yanitlarda bilissel strateji kullanimini
yansitirken (f = 162, %33), Ucte birinden daha azi ¢oktan se¢gmeli maddelere
verdikleri yanitlarda (f = 129, %26) yansitti.

Ustbilissel alt beceriler ile coktan se¢meli ve agik uglu madde tiirleri arasindaki
iliskiyi gormek icin Ki-Kare Bagimsizlik Testi kullanildi. Bagimsiz gozlem ve
beklenen frekanslarin boyutu karsilandi ve varsayimlar ihlal edilmedi. Coktan
se¢meli maddelerde ogrencilerin biligsel strateji becerisini kullanma egilimleri
azalirken, 0z kontrol becerilerini kullanma olasiliklarinin arttigi bulundu. A¢ik
uclu maddelerde ogrencilerin bilissel strateji becerisini kullanma egilimleri
artarken, 6z kontrol becerilerini kullanma olasiliklart da artmaktadir. Betimsel
sonuclar, ogrencilerin ¢oktan se¢meli maddelere karst olumlu, agik uglu
maddelere karsi ise olumsuz duygular uyandirdigini ortaya koydu. Betimsel
analize ek olarak, madde tiirleri ile duyussal siirecler arasinda anlamli bir iligki
olup olmadigmi arastirmak ic¢in Ki-Kare istatistik testi uygulandi. Duyussal
stiregler ile madde tiirleri arasinda istatistiki olarak anlamli bir iliski oldugunu

gostermistir, X2 (1, N = 32) = 54.92, p < .05. Ogrencilerin ¢oktan segmeli
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maddelere karst olumlu uyariima olasiliklar: artarken, a¢ik u¢lu maddelere karsi

olumsuz uyarima olasiliklar: artmaktadir.

Bir bagka aragtirma alt hipotezi ise “Ho: ortaokul 5. sinif 6grencilerinin yeniden
okuma alt becerisinin (rereading subskill of cognitive strategy), cinsiyetleri
(gender), soru ¢ozumunde gecirdikleri toplam sure (total time) ve bakislardaki
kaymalar (gaze shifts) ile iliskili degildir.” Bu baglamda, verilere binomial

lojistik regresyon modeli yapildi.

The predicted logit of (REREADING) = .93 + (-.27)*TOTAL TIME + (-
35)*GAZESHIFT + (.70)*GENDER

Soru ¢oziimiinde gecirdikleri toplam siire ve bakis kaymalarindaki her bir nokta
artis, yeniden okuma olasiliginda sirasiyla.76 ve.70'lik bir azalma ile
iligkilendirildi. Bir erkek ¢ocugunun yeniden okuma alt becerisini kullanma
olasilig, bir kiz ¢ocuguna gore 2.01 kat daha fazlaydi. Genel olarak, bu modelde
olaylarin %91'1 (1) dogru tahmin edilirken, gerceklesmeyenlerin olasiliklart

%49.2'si (0) dogru tahmin edilmistir.

Birlesme (Entegrasyon): Ustbilis ve duygusal siirecler icin bir Derin Veri
Sisteminin modellenmesi. Bu c¢alismadan ortaya ¢ikan derin veri model
tasarimina gore Ogrenciler i¢in insan-bilgisayar etkilesimini artiran sistemlerin
tasarlanabileceginin ilk adimlar1 atilmistir. Iyi bir derin veri model tasarimi igin,
1) insan davranislarini anlamlandirabilmek, insanlardan veri toplamak énemlidir.
2) Ogrencileri i¢in hazirlanan soru maddelerinin uzmanlar tarafindan belirlenip
sisteme Ogretilmesine ihtiya¢ vardir. 3) Soru ¢6zme sirasinda (6zellikle agik uclu
sorulart ¢ozerken) Ogrencilerin stresini fark edip ve stres diizeyini hizli bir
sekilde azaltmak i¢in Onerilerde bulunan akilli sistemler tasarlanabilir. 4)
Ogrenci yanls cevaplar verdiginde soru diizeyi diisiiriilebilir. 5) Sistem
ogrenciden geri bildirim alir ve igerigini revize edebilir. 6) Kisisellestirilmis
otomatik raporlar verebilir. 7) Bu tir modellerin tasariminda problemlerin

onceden tanimlanmis olmasi isleri kolaylastiracaktir. 8) Bu ¢alismada
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kullanilmayan/hentiz 6lgulemeyen diger veriler de Ogrencilerden ornekleme
alinarak, EEG, fNIRS, 3D beyin tarama verileri, genetik biyobelirtecler (Ahmad
vd., 2011) kullanilarak olgiilebilir ve katilim tizerine derinlemesine arastirma
olarak toplanabilir. Bu c¢aligma kapsaminda kisitl zaman araliklarinda derin
verilere ulasamadigim biligsel yiik, bekleme siiresi, gdz bebegi genislemesi, 0z
aciklama becerisi ve diger duygusal yapilar hakkinda veri toplanmasi sistemin

modellenmesine 1s1k tutmasi tutabilir.

4. TARTISMA

Bu karma yontem calismast kapsaminda ortaya ¢ikan bulgular ve bunlarin alan
yazinla iligkisi tezde oldukc¢a yogun sekilde agiklanmaya calisilmistir. Bu

boliimde en temel tartisma noktalarina deginilecektir.

Egitim politikas1 degisikliginden sonra matematik Ogretmenlerinin &gretim
yontemi ve degerlendirme tercihi degisikliklerine iliskin bu ¢alismanin bulgulari,
ortaokul matematiginin 6gretim programinin temellerinde (yani felsefe, amac,
icerik) belirli bir degisiklik olmadigimi diisiindiigiinii gosteren daha Onceki
gozlemlerle de uyumludur. Literatiirde oldugu gibi Tirkiye baglaminda da
ogretim programlarmn yenilenmesi, Blimen vd. (2014), Oztiirk (2012) ve Yasar
(2012) tarafindan kabul edildigi gibi, smiftaki Ogretmen davranislarinin
yenilenmesini garanti etmemektedir. Ogretmen tercihleri farkli degiskenlerle
iliskilendirilir. Ornegin, Ogretmen inanglari, yeni reformlara karsi olumlu
inanglara sahip olma, mesleki gelisime agiklik, mesleki planlarint yapip
yapmama (Zhang ve Shen, 2012), 6gretim programi gelistirme siirecinde yer
alma, deneyim yili, bunlarin tiimiiniin ag1 etkiledigi goriilmektedir. Ogretim
programi ve Ogretim arasindaki iliski hakkinda yetersiz bilgiye sahip olmak,
Kerkez'in (2018) (ayrint1 icin bkz. s. 52) Ogretmenlerin Ogretim programi
gelistirme siirecindeki roliine dayanan c¢alismasiyla uyumludur. Olgme ve
degerlendirme sure¢ tercihlerinin sadece program gelistirme slrecinde

bulunmalariyla ilgili olmadigi, 6gretmenlerin zaman zaman geri bildirime ve
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profesyonel gelisime ihtiyag duydugu bir durumdur. Ogretim sireclerindeki

kadar esnek olamamalar1 6gretmenlerin 6zelligi veya hatasi degildir.

Ogretmenlerin smav sorularmi yazma ilkelerine iliskin bilgi ve deneyime sahip
olamamalar1 en biiyiikk problemdir; 6lgme ve degerlendirme tercihlerinin
O0gretmenlerin inanglariyla degil mesleki geligimleriyle ilgili olabilecegi cesitli
arastirmalardan bilinmektedir. Egitim sistemimizde 6gretmenlerden hem 6gretim
hem de Olcme-degerlendirme siireci agisindan beklentiler ¢ok yiiksek
oldugundan, alandaki performanslarint ve slrelerini yeterince otantik
degerlendirme tiirlerine ayrramamaktadirlar. Ik 6ncelikleri 6gretime odaklanmak
ve ogretim programindaki konu igerigini sunmaktir. Dolayisiyla 6gretmenler
egitim politikas1 degisikliginden sonra Ogretim yoOntemlerinde inanislari
cercevesinde otonomilerine gore degisiklik yapabilirken; soru hazirlama
kalitelerinde, sinifi¢i 6lgme-degerlendirme davraniglarinda yeterli diizenlemeler
yapamamakta, halihazirda bildikleri ve yapabildikleri ile diizeyde sinifigi

sinavlarini uygulamaya devam etmektedir.

Ancak 6grenciler, onlarin iist diizey bilissel becerilerini 6lgebilecek soru kalitesi
ve yenilikci soru maddeleriyle karsi karsiya kalmaya hazirdir. Ogrenciler agik
uclu sorulara yanit verirken bilissel strateji gibi iistbiligsel becerileri kullanmaya
coktan se¢meli sorulara nazaran daha fazla egilimlidir. Sonuglar, O'Neil ve
Brown'in (1998) sonuglariyla tutarlidir. Ogrencilerin goktan segmeli maddelere
kars1 olumlu duygular ve agik u¢lu maddelere karst olumsuz duygular
hissetmeleri daha 6nceki g¢alismalarla uyumludur (O’Neil ve Brown, 1998). Her
ne kadar istbilissel becerilerin degerlendirilmesinde ¢oktan se¢meli maddenin
kullanilmas: spekiilatif bir sekilde goriilse de (6rn. Silva Soares vd., 2021;
Frenken, 2021; O'Neill ve Brown; Chick, 2013; Stillman, 2020; Vuorre ve
Metcalfe, 2021) bu ¢alisma Oncii olmaktadir. Unutulmamalidir ki, soru tiriinden
ziyade (6rn., Bassett, 2016; Dutke ve Barenberg, 2015; Scully, 2017) sorularin
iist diizey diisiinme becerilerini 6lgecek sekilde ve diizeyde gelistirilmesi, ¢ok

daha 6nem kazanmaktadir.
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5. SONUC

Egitim politikalari, smifi¢i 6gretimlerin yenilenmesinde ve egitim felsefesine
yonelik Ogretim strateji, yontem ve tekniklerinin kullanilmasinda yetersiz
kalmaktadir. Ciinkii Tiirkiye'de ne yazik ki Ogretim programi degisikligi
calismalar1 yukaridan asagiya (top-down) yaklasima gore devam etmektedir.
Matematik  Ogretmenlerinin  6lgme-degerlendirme  tercihlerinde yenilikei
yaklasimlar1 kullanabilmeleri mesleki gelisim olarak aldiklar1 egitimin diizeyine
baglidir. Matematik 6gretmenleri bu ¢alismanin sonuglarindan faydalanarak 5.
sinif 6grencilerinin diisiinme surecini anlayabilir, iistbilis ve duyussal tepkilerini
fark edebilir, sorular1 farkli sekillerde c¢Ozebileceklerinin farkinda olabilir ve
icgorii gelistirebilir. Ozellikle, bu sonuglar1 6gretim yontemlerine ve Glgme-
degerlendirme  stratejilerine  entegre  etmede ilerleme  kaydetmeleri
beklenmektedir. Ogrencilerimiz igin gelistirilen ve tasarlanan Tiirk egitim
sistemine uyarlanmis akilli bir derin veri modelinin tasarlanmasi, arastirilmasi ve
uygulanmasi ancak ortak hazir bulunuslukta birleserek yapilabilir, bu da gelecek

ongoralerinden biridir.
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