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ABSTRACT

THE EFFECT OF AN INSTRUCTION DESIGN BY COGNITIVE LOAD
THEORY PRINCIPLES ON 7" GRADE STUDENTS’ ALGEBRA
ACHIEVEMENT AND COGNITIVE LOAD

TAKIR, Aygil
Ph.D., Department of Educational Sciences
Supervisor: Prof. Dr. Meral AKSU
June 2011, 217 pages

The purpose of this study was to investigate the effect of an instruction
designed by the Cognitive Load Theory (CLT) principles on 7" grade students’
achievement in Algebra topics and cognitive load. Two groups (experimental
and control) from a public school in Istanbul took part in the study. Each group
had 40 students; totally 80 students were included in the study. A quasi-
experimental research design was utilized. The study was conducted in totally
six weeks in 2010-2011 fall semester. The instruction designed by CLT
principles was used in the experimental group, while the instruction
recommended by the MONE was used in the control group of the study. For
each Algebra unit, the researcher developed Teachers’ Guidelines and
Students’ Booklets for using in the experimental group. At the end of each unit,

the Subjective Rating Scale (SRS) was used to measure students’ cognitive
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load for both groups. After the completion of the treatment, the Algebra
Achievement Test (AAT) developed by the researcher was administrated to the
groups. The Students Questionnaire (SQ) was administrated to the
experimental group for finding about student’s views and opinions related to
the treatment. Students’ interviews were conducted at the end of the treatment.
Both descriptive and inferential statistical (MANOVA) techniques were used
for analyzing quantitative data. Further, content analysis was used for
analyzing the qualitative data. Statistical mean difference was obtained for all
tests in favor of experimental group and the findings of quantitative data
analysis results were supported by the qualitative data analysis results. It can be
concluded that the instruction designed by CLT principles is effective for the
Algebra teaching.

Keywords: Cognitive Load Theory, Cognitive Load, Subjective Measure of
Cognitive Load, Algebra Achievement, Efficiency of Instruction.



0z

BILISSEL YUK KURAMI ILKELERINE GORE GELISTIRiLMIS BiR
OGRETIMIN 7. SINIF OGRENCILERIN CEBIR BASARISINA VE
BILISSEL YUKLERINE ETKIiSi

TAKIR, Ayqgil
Doktora, Egitim Bilimleri Bolimii
Danisman: Prof. Dr. Meral AKSU
Haziran 2011, 217 sayfa

Bu calismanin amaci Biligsel Yiikk Kurami (BYK) ilkelerine gore gelistirilmis
bir dersin 7. sinif 6grencilerin Cebir basarisina ve biligsel yiiklerine etkisini
incelemektir. Istanbul’daki bir devlet okulundan iki grup (deney ve kontrol
grubu olmak iizere) caligmada yer almistir. Her bir grupta 40 ogrenci
bulunmakta olup; ¢alismaya toplamda 80 6grenci katilmigtir. Caligmada yar1
deneysel aragtirma yontemi kullanilmistir. Calisma 2010-2011 6gretim yili
sonbahar doneminde toplam 6 hafta uygulanmistir. BYK ilkelerine gore
hazirlanmis 6gretim tasarimi deney grubunda; MEB tarafindan 6nerilen mevcut
program ise kontrol grubunda kullanilmistir. Her bir Cebir konusu igin
aragtirmaci tarafindan Ogretmen ve Ogrenci Kitapgiklar: gelistirmistir. Her bir
konunun sonunda Bilissel Yiik Olcegi (BYO); uygulamanin sonunda ise Cebir

Basar1 Testi (CBT) her iki gruba da uygulanmistir. Sadece deney grubunda
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bulunan 6grencilere uygulama ile ilgili olarak anket uygulanmis ve goriismeler
yapilmustir. Nicel verilerin analizinde betimsel ve ¢ok degiskenli istatistik
(MANOVA) kullanilmistir. Nitel veriler icin igerik analizi kullanilmstir.
Biitlin testlerin ortalamalarinda, deney grubu lehine anlamli fark bulunmus ve
nitel bulgularla da desteklenmistir. BYK ilkelerine gore gergeklestirlmis

Ogretimin, Cebir 6gretimi i¢in etkili oldugu sdylenebilir.

Anahtar Kelimeler: Bilissel Yiik Kurami, Bilissel Yiik, Bilissel Yiik Ol¢iimii,
Cebir Basaris1, Ogretimin Verimliligi.
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CHAPTER |

INTRODUCTION

This study aimed to investigate the effect of an instruction designed by
the CLT principles on 7" grade students’ achievement in Algebra topics and
cognitive load. This chapter contains the theoretical background, purpose, and
significance of the study. The definitions of important concepts that are
considered in the rest of the dissertation are presented at the end of the chapter.

1.1 Background to the Study

The Cognitive Load Theory (CLT) has emerged over the last decade as an
influential theory of educational psychology and instructional design. The CLT
originated in the 1980s through the work of John Sweller and his colleagues at
the University of New South Wales (Clark, Nguyen, & Sweller, 2005; Paas,
Renkl, & Sweller, 2003).

The CLT is a theoretical framework grounded in the learner’s cognitive
architecture (Janssen, Kirschner, Erkens, Kirschner, & Paas, 2010) that
assumes that working memory (WM) is very limited in terms of being able to
store and process information (Cowan, 2005; Miller, 1956; Paas, Van Gog, &
Sweller, 2010) and long term memory (LTM) has an unlimited capacity, being

able to store an almost limitless amount of information. The CLT predicts

1



learning outcomes by taking into consideration the capabilities and the

limitations of this architecture (Plass, Moreno, & Briinken, 2010).

As understood from its definition, CLT differs from other instructional theories
with its emphasis on human cognitive architecture. It considers knowledge of
human cognitive architecture to be critical for instructional design and
effectiveness of an instruction depends heavily on whether it takes the

characteristics of human cognition into account.

Cognitive load can be defined as a multidimensional construct representing the
load that performing a particular task imposes on the learner’s cognitive system
(Paas, Tuovinen, Tabbers, & Van Gerven, 2003; Paas & Van Merrienboer,
1994). The roles of the WM and LTM in human architecture allow to
categorize the source of the cognitive load as intrinsic, extraneous, and
germane cognitive loads (Paas et al., 2003). If load is imposed by the number
of information elements and their interactivity, it is called intrinsic (ICL). If it
Is imposed by the manner in which the information is presented to learners and
by the learning activities required of learners, it is called extraneous or
germane. Whereas extraneous load (ECL) is imposed by information and
activities that do not contribute to the processes of schema construction and
automation; germane load (GCL) is related to information and activities that
foster these processes (Paas, Renkl, & Sweller, 2004).

An increase in ECL reduces the WM resources available to deal with ICL and
hence reduces GCL. Decreasing ECL frees resources to deal with ICL and thus
increases GCL. When ICL is high, it is important to decrease ECL; otherwise,
the combination of both might exceed the maximum cognitive capacity and
thus prevent the GCL to occur. From an instructional design point of view, it is

important to consider communication of ECL and GCL, because the reduction



of ECL can free cognitive resources for an increase in GCL (Paas et al., 2003;
Paas et al., 2010; Schnotz & Kiirschner, 2007).

There are many assessment techniques of the cognitive load. The common
technique among the CLT researchers is subjective rating scale technique
which is based on the assumption that ‘‘people are able to introspect on their
cognitive processes and to report the amount of mental effort expended’’ (F
Paas et al., 2003). Paas and van Merrienboer (1994) have used a rating scale
for measuring perceived task difficulty by using a 9-point Likert scale ranging
from very, very low mental effort (1) to very, very high mental effort (9).

Efficiency is an important issue that should be considered in CLT research. It
can be defined as a property of instructional products that results in faster
learning, better learning, or both (Clark et al., 2005). Paas & Van Merrienboer
(1993) suggests a calculation approach for combining the measures of mental
load and performance that allows to obtain information on the relative

efficiency of instructional conditions.

The CLT has generated a range of techniques intended to achieve the purpose
of reducing the ECL and maximizing the GCL. CLT was applied in several
contexts and studied by using randomized, controlled experiments. The
empirical results of these studies led to the demonstration of several
instructional techniques which are called CLT Effects. As discussed in previous
paragraphs, CLT differs from the other instructional theories with its emphasis
on human cognitive architecture, further; CLT differs from the other
instructional theories by the methodology it uses.

There are many CLT effects that instructional designers can consider when
they plan an instruction. One of them is the worked example effect which was
also the main effect of this study. It is a technique that decreases the ECL by



replacing some practice exercises with a series of worked examples, each
followed by similar practice exercise (Clark et al., 2005). A completion
problem is a partial worked example where the learner has to complete some
key solution steps (Sweller, Ayres, & Kalyuga, 2011a). It is a hybrid between
practice assignment and a worked example. Like worked example, completion
examples reduces cognitive load; schemas can be acquired by studying the
work-out portions (Clark et al., 2005). Completion examples were used in this
study especially the topics that thought to be difficult, to satisfy smooth

transition from examples to practice exercises.

The basic underlined principle of the modality effect is that ‘‘complex visuals
are understood more efficiently when explanatory words are presented in an
audio modality than when presented in a written modality’’ (Clark et al., 2005).
Therefore, it is very important to consider verbal explanations during the lesson
hours. The redundancy effect of the CLT occurs when unnecessary, additional
information is presented to learners (Sweller, 2010) or when identical
information is presented in multiple forms, which decreases rather than
increases learning (Pawley, Ayres, Cooper, & Sweller, 2005). Redundancy
effect is an important factor when designing instruction (Chandler & Sweller,
1991) and, in its many forms, has a detrimental effect on learning (Kalyuga,
Chandler, & Sweller, 2001; Sweller & Chandler, 1991).

Expertise reversal effect occurs when an instructional procedure that is
effective for novices in comparison to an alternative instruction that becomes
less effective as expertise increases. This effect is very important especially in
classrooms where there are mixture of novice and experienced learners.
Expertise reversal effect has important considerations together with the
guidance fading effect of the CLT. This effect suggests that learners should
first be presented worked examples, followed by completion problems and then



full problems assignments (Renkl & Atkinson, 2003) which was used in this

dissertation.

In summary, CLT can be applied to a broad range of learning environments by
linking the design characteristics of instruction to the principles of human

cognitive architecture.

1.2 Purpose of the Study

As described previously, the human cognitive architecture is concerned with
the manner in which cognitive structures are organized. The relations between
the WM and the LTM, in conjunction with the cognitive processes that support
learning, are of critical importance for designing an instruction. Kirschner et al.
(2006) expressed that the architecture of the LTM provides the ultimate
justification for instruction: the aim of all instruction is to alter the LTM. If
nothing has changed in the LTM, nothing has been learned. They concluded
that any instructional recommendation that does not specify what has been
changed in the LTM, or that does not increase the efficiency with which
relevant information is stored in or retrieved from the LTM, is likely to be

ineffective.

From the WM perspective, Kirschner et al. (2006) described that any
instructional theory that ignores the limits of WM when dealing with novel
information or ignores the disappearance of those limits when dealing with
familiar information is unlikely to be effective. They maintain that learners,
especially novices, are unable to effectively process information due to the
limits of WM, hence the learning suffers (Tobias & Duffy, 2009).

The human cognitive architecture has obvious implications for the amount of
guidance and assistance provided to the learners. Instruction should be explicit

and clear. Based on this architecture, there seems to be no purpose or function
5



to withholding information from the learners so that they can discover it for
themselves (Tobias & Duffy, 2009). According to Clark et al. (2005) the
learners” engagement of an instruction is not directed toward schema
acquisition and automation; so it can impose an ECL. They suggested the use
of directive rather than student centered approaches for novice learners. As
they stated, the instructional designers should prepare directive lessons for
novice learners that provide brief content segments including explanations,
examples, and practices, and further, the instructional designers should prepare

more student centered lessons for more experienced learners.

The worked example, completion example, split attention, modality, expertise
reversal, redundancy, and guidance faded effects of the CLT are the central
CLT effects of this dissertation and were used for preparing classroom

materials and implementation process.

By considering the CLT effects and human cognitive architecture principles, an
instruction was designed and implemented in 7" grade Mathematics classroom.
The purpose of the study was to investigate the effect of this instruction
designed by the CLT principles on 7" grade students’ achievement in Algebra
topics and cognitive load. More specifically, the study aimed to determine
whether the CLT treatment has an effect on students’ Algebra achievement and
cognitive load and find out the efficiency score of the instruction in terms of
the students’ achievement and cognitive load measures. Further, another aim of
the study was to reveal the perceptions of the students who were exposed to

instruction designed by CLT principles about the treatment.



1.3 Significance of the Study

Conducting a research study on investigation of the effects of an instruction
developed by CLT principles on students’ Algebra achievement and cognitive

load is valuable from the several perspectives.

The current mathematics curriculum that is used in primary schools in Turkey
was developed in 2004. The underlining principle of the curriculum is that
“Every child can learn mathematics’’. It highlights the importance of a learning
environment where the students research, discover, and solve problems, as well
as share and debate their solutions and approaches (Bulut, 2005). Babadogan
and Olkun (2006) argue that constructivist pedagogies are adopted in the
curriculum. These constructivist pedagogies are active learning, use of
manipulative, cooperative learning, and the use of realistic and authentic tasks
(Babadogan & Olkun, 2006). The curriculum gives importance to conceptual

learning as well as computational skills.

The CLT states that if the learners have no relevant schemas for a topic, this
leads to WM overload. For this reason, the CLT suggests that student-centered
methods should be implemented after the learners gain some experience.
Classroom activities and group works must be considered at the end of the
lessons. In other words, constructivist theories might create more efficient and
effective instructional environments if they are combined with the CLT

principles.

In the experiment conducted for this study, the information was presented in as
few modes as needed to make the Algebra topics understandable. Interesting
but not directly related or unnecessary content was never the starting point of
the lectures. The instruction was dependent on the ‘‘less is more’” principle, or
a minimalist approach which was easily integrated with the constructivist

learning environments.



Generally, classrooms in primary schools in Turkey include a mixture of
novice and experienced learners. However, the instructional techniques that are
adequate for novices may be redundant for the more experienced learners.
Similarly, the instructional techniques adequate for experts may lead to WM
overload for the novices. For example, mathematics problems in daily life
situations proposed by mathematics curriculum might be motivating and
helpful for novice learners. However, for more experienced learners, it would
be unnecessary in other words redundant to read the entire problem. Therefore,
the effects, especially the guidance faded effect of the CLT would be helpful to
organize instruction according to the prior knowledge of the learners.

Tatar and Dikici (2008) concluded the students’ learning difficulties in
mathematics classrooms as (1) deficiencies in instruction, (2) abstract topics,
(3) lack of interpretation of verbal explanations, and (4) lack of prior
knowledge. As described previously, CLT gives the importance to design
effective instructional environments by considering its effects and to take into
account students’ prior knowledge. Further, CLT effects provide empirical
evidence suggestions for dealing with complex topics, in other words, it
provides suggestion for dealing with ICL which is directly related with the
complexity of a topic. Therefore, carrying out this study might provide
effective ways for mathematics teaching and learning, and be beneficial for

primary school mathematics curriculum.

Bednarz (1996) defines Algebra as a ‘‘mini-Cculture’” within the wider culture
of mathematics. This definition allows integrating Algebra as a set of activities
and a language. Usiskin (1995) defines Algebra as the language of
generalization. Algebra is very important, not only in mathematics, but also in
all areas and at every stage of life. Algebra is everywhere; from the solutions of
encountered problems in daily events to solutions of the problems in

other sciences (Dede, Yalin, & Argiin, 2002). Algebraic concepts and ideas is



considered not only as anarea of mathematical knowledge to be learned in
schools, but also as an indispensable and integral part of mathematics literacy
(Erbas & Ersoy, 2005). Given the importance of Algebra in the students’
educational lives beyond, it is crucial to developed more advance Algebra
instructions based on the CLT principles. These principles, if successful, can

then be extended to other topics, subjects, and courses.

As ‘‘Re-conceptualizing School Algebra” (1997, as cited in Dede & Argiin,
2003) reports, the obscures in the Algebra learning of students are explained by
the epistemological obstacle (an obstacle intrinsically related to the nature of
the content itself), psycho-genetic obstacle (an obstacle due to the intrinsic
characteristics of the children’s development), and didactic obstacle (an
obstacle related to the instruction). Epistemological obstacle is directly related
to the intrinsic cognitive load (ICL) defined by the CLT. Psycho-genetic
obstacle can be considered as the limitations of the students” WM. Didactic
obstacle, as related to the extraneous cognitive load (ECL), can be controlled
by using the principles, effects, and instructional guidelines of the CLT. The
CLT effects, such as worked example effect, split attention effect, and
modality, can help in managing didactic obstacles and provide a new approach

for effective Algebra instruction for teachers and curriculum developers.

Previous research on CLT in Algebra topics included one Algebra topic
together with one or two CLT effects in experimental settings (Ayres, 2006;
Cooper & Sweller, 1987; Kalyuga & Sweller, 2004; Pawley et al., 2005;
Sweller, 1988; Sweller & Cooper, 1985). In the current study, more than one
Algebra topics were considered with multiple CLT effects in a real classroom
environment. Therefore, the results of this study might provide valuable

suggestions for especially for the teachers.



The previous research studies related to CLT restricted to only multimedia
learning environment in Turkey. Therefore, this study may open the way of

research studies that will conducted in classroom environment settings.

1.4 Definitions of the Terms

This section provides the definitions and descriptions of the critical concepts

used in the study.

Cognitive Load Theory: Cognitive Load Theory is a set of instructional
principles and evidence based guidelines that offer efficient methods to design
and deliver instructional environments in ways that utilize the limited capacity
of WM (Clark et al., 2005).

Cognitive Load Theory Principles: Cognitive Load Theory emphasizes the
necessity for instructional techniques to be designed in alignment with the
basic operational principles of the human cognitive system. These are the
information store principle, the borrowing and reorganizing principle, the
randomness as genesis principle, the narrow limit of change principle, the

environmental organizing, and linking principle (Sweller et al., 2011a).

Cognitive Load Theory Effects: Cognitive Load Theory effects provide the
instructional recommendations generated by Cognitive Load Theory. There are
many Cognitive Load Theory effects. In this thesis, (a) worked example effect,
(b) completion example effect, (c) split-half effect, (d) modality effect, (e)
redundancy effect, (f) experimental reversal effect, and (f) guidance faded
effect of the Cognitive Load Theory were used for preparing Students’
Booklets.
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Instruction Based on Cognitive Load Theory: Instruction planned and
implemented according to the principles and effects of the Cognitive Load

Theory.

Instruction Based on the Recommendations of MONE: Instruction based on

the curricula and teaching-learning environments suggested by the MONE.

Algebra Achievement: In this study, achievement test developed by the

researcher was used to assess the degree of achievement of objectives.

Cognitive Load: Cognitive load is the cognitive capacity actually allocated to
the task. The basic assumption of the study is learners are able to introspect on
their cognitive processes and to report the amount of mental effort expended
(Paas & Van Merrienboer, 1993).

Subjective Rating Scale: Subjective Rating Scale is a 9-point symmetrical
scale ranging from 1 (very, very low mental effort) to 9 (very, very high mental
effort) developed by Paas & Van Merrienboer (1993). Subjective Rating Scale

was used to measure students’ cognitive load in this study.

Efficiency of Instruction: Efficiency is a property of the instructional products
that results in faster learning, better learning or both (Clark et al., 2005).

Efficiency Metric: The visual representation of the efficiency is called the
efficiency metric. The student scores for cognitive load and performance are
standardized, yielding a z score for cognitive load and a z score for

performance. Then, an instructional condition efficiency score (E) is computed

Zperformance — Lmental effort

by using the formula, V2 . The efficiency metric
is used to display the information on a Cartesian Axis, performance (vertical)

and cognitive load (horizontal) (Clark et al., 2005; Sweller et al., 2011a).
11



CHAPTER II

REVIEW OF THE LITERATURE

This chapter consists of the literature on Cognitive Load Theory. The
theoretical background of the Cognitive Load Theory is considered in the first
five sections. The research studies on Cognitive Load Theory effects are
considered in the sixth section. Summary of the reviewed literature is given at

the end of the chapter.

2.1 Cognitive Load Theory

Cognitive Load Theory (CLT) is based on the principle developed by Miller
(1956) knowing as number 7+2 items can only process at one time in human
brain. Based on the researches, instructional scientists has expanded and
refined the rule of 742 into a comprehensive set of instructional principles

called CLT (Clark et al., 2005).

CLT originated in the 1980s through the work of John Sweller and his
colleagues at the University of New South Wales (Clark et al., 2005; F. Paas et
al., 2003). CLT has developed from a theory in its early beginnings that
focused on problem solving to a more recent re-conceptualization as a learning

theory with an evolutionary biological base (Ayres & Gog, 2009).
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According to the Chandler and Sweller (1991), CLT suggests effective
instructional material facilitates learning by directing cognitive resources
toward activities that are relevant to learning rather than toward preliminaries

to learning.

Kirschner (2002) defined CLT as providing guidelines to assist in the
presentation of information in a manner that encourages learner activities that

optimize intellectual performance.

According to the Van Gerven, Paas, Van Merrienboer, and Schmidt (2002),
CLT is aimed at developing training material that efficiently makes use of the
available cognitive processing capacity and stimulates the learner’s ability to

use acquired knowledge and skills in new situations.

Van Bruggen, Kirschner, and Jochems (2002) defines CLT as ‘‘CLT is
concerned with the limitations of WM (working memory) capacity and the
measures that can be taken to promote learning that is the construction of

schemata, by imposing adequate levels of cognitive load’’(p.122).

For Van Gog, Paas, and VVan Merrienboer (2004), CLT is concerned with the
learning of complex cognitive tasks, in which learners may be overwhelmed by
the number of interactive information elements that need to be processed

simultaneously before meaningful learning can commence.

Clark et al. (2005) defined CLT as ‘‘a universal set of instructional principles
and evidence based guidelines that offer the most efficient methods to design
and deliver instructional environments in ways that best utilize the limited
capacity of WM’(p.342). CLT is designed to accommodate the limits and
exploit the strengths of the WM.

13



Schnotz and Kiirschner (2007) stated that the fundamental claim of the CLT is
that without knowledge about the human cognitive architecture, the
effectiveness of instructional design is likely to be random. More specifically,
CLT argues that many traditional instructional techniques do not adequately
consider the limitations of the human cognitive architecture. Accordingly; as
they stated, CLT tries to integrate knowledge about the structure and
functioning of the human cognitive system with principles of instructional

design.

Janssen, Kirschner, Erkens, Kirschner, and Paas (2010), F. Paas, Van Gog, and
Sweller (2010), and Plass, Moreno, and Briinken (2010) also stressed the issue
that CLT is a theoretical framework grounded in the learner’s cognitive
architecture and learning environments for complex cognitive tasks can only be
effective and efficient when they are designed in such a way that they facilitate
changes in learners’ LTM (long term memory). Further, Janssen et al. (2010)
associated the changes in learners’ LTM with schema construction and schema
automation. Therefore, all these definitions imply that CLT is concerned with
techniques for managing WM load in order to facilitate the changes in LTM
associated with schema construction and automation (Kirschner, 2002; Paas et
al., 2010; Sweller et al., 2011a).

As understood from all these above definitions, the key aspect of the CLT is
the relation between LTM and WM, and how instructional materials interact
with this cognitive system (Verhoeven, Schnotz, & Paas, 2009). It implies that
instruction needs to consider the limitations of WM, therefore, information can
be stored effectively in LTM (Chandler & Sweller, 1991; Sweller, 1988, 1994;
Sweller & Chandler, 1991).

All of the definitions of the CLT stressed the suggestions of the CLT about the

effective instructional environments and the dependency of the CLT on human
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cognitive architecture. In the following paragraphs, the human cognitive

architecture is discussed to understand the features of the CLT better.

2.1.1 Human Cognitive Architecture: Working Memory (WM) (Short
Term Memory-STM) and Long Term Memory (LTM)

The term cognitive architecture has been defined as the organizations of the

cognitive structures (Paas et al., 2003).

The major characteristics of human memory are its strength or durability,
capacity (number of items of information stored in memory), and speed of
access (Kalyuga, 2009). The human cognitive architecture includes two main
memory systems: working memory (WM) or short term memory (STM) and
long term memory (LTM). All human learning and work activities rely on two

of these two memory systems and their partnership (Clark et al., 2005).

Working memory (WM) is a system that allowed several pieces of information
to be held in mind at the same time and interrelated (Pickering, Phye, &
Corporation, 2006). Slavin (1991) stated that WM is where the mind operates
on information, organizes it for storage or discarding, and connects it to other
information. Baddeley et.al. (1986) considered WM as a system for the
temporary holding and manipulation of information during the performance of

a range of cognitive tasks.

Hitch and Baddeley (1974) developed a WM system providing strong base for
wide range studies on WM. Their model assumes to have the three main
components of the WM: phonological loop, visual-spatial pad, and central
executive. Phonological loop is a store capable of holding phonological
information over a matter of seconds. The visual-spatial pad is the system that

plays an important role in acquisition of visual and spatial knowledge. The
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.central executive is the most important and complex component of the WM. It
help to directing attention to relevant information and coordinating cognitive
actions (Baddeley, 2006).

Baddeley extended the model and added one more component to the WM
system which is called the episodic buffer in 2000. This component assumed
to hold together integrated episodes and to provide the interface between inputs
having a range of different codes (Pickering et al., 2006). Episodic buffer
considered as to be the basis of conscious awareness which link the
components of WM with LTM (Pickering et al., 2006). Figure 2.1 shows the
current model of the WM developed by Hitch and Baddeley (2006).

Central
Executive

Visuospatial Episodic Phonological
Sketchpad Buffer Loop

I——

Visual «—» Episodic «—» Language
Semantics LT™M

Figure 2.1. The current WM model developed and by Hitch and Baddeley.
Source: (Hitch and Baddeley 2006 as cited in van Bruggen et al., 2002).

There are other WM models developed by various theorists such as Cowan
(2005) and Ericsson and Kintsch (1995). Cowan’s model regards WM not as a
separate system from the LTM, instead as a subsystem of the LTM. In Ericsson
and Kintsch theory, LTM knowledge structures associated with components of
WM form a LTM-WM structure that is capable of holding virtually unlimited
amount of information (Kalyuga, 2009).
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Long term memory (LTM) is a part of the memory system where the
information is kept for long periods of time. LTM is thought to be a very large-
capacity and very long-term memory store (Slavin, 1991). It is the repository
for more permanent knowledge and skills and includes all things in memory
that are not currently being used but which are needed to understand
(Kirschner, 2002).

Clark et al. (2005) defined LTM as ‘‘a relatively permanent mental repository
of knowledge and skills in the form of schema that provide the basis for
expertise’’(p.347).

Theorists divide LTM into three parts: episodic memory, semantic memory, and
procedural memory. Episodic memory is memory of personal experiences.
Semantic memory contains the facts and generalized information such as
concepts, principles, or rules and how to use them; and problem-solving skills
and learning strategies; in other words, it retains most things that are learned in
schools. Procedural memory refers to knowing how to do things (Slavin,
1991).

These two memory systems (WM and LTM) work together. As learning takes
place in WM, the new knowledge and skills are stored in LTM. As learner gain
expertise in domain, his/her knowledge repository in LTM expands (Clark et
al., 2005).

As discussed previously, CLT assumes a cognitive architecture consisting of a
WM that is limited in capacity when dealing with novel information. Further,
CLT also assumes that limited capacity WM becomes effectively unlimited
when dealing with familiar material, previously stored in an immense LTM

holding many schemas that vary in their degree of automation (Paas et al.,
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2003). These two important concepts of the human memory system will be

discussed in the following section.

2.1.2 Schema Construction and Automation

Piaget (1952 as cited in Khateeb, 2008) defines a schema as a coordinated
combination between cognitive functions and physical actions that work
together to respond to any perceived experience that could be related to the
schema. Schema is a memory structure located in LTM that is the basis for
expertise, categorizes elements of information according to the manner in
which they will be used (Chi et al. 1981 as cited in Sweller, Merrienboer, &
Paas, 1998).

From the CLT perspective, schemas have two functions. One of these is to
provide a mechanism for knowledge organization and storage. This function is
essential to organizing existing knowledge in a categorized mode, or more
specifically in a schematic way (Skemp, 1971 as cited in Khateeb, 2008). The
other function is to reduce WM load (Pawley et al., 2005). Schemas allow
many elements to be treated as a single element in WM; as a result, more WM

capacity becomes free (Sweller, 2003).

Automation is an important process in the construction of schemas (Sweller et
al., 1998). Automaticity is the status of any knowledge or skill that has been
used so many times that it can be activated from LTM and applied using
minimal WM resources (Clark et al., 2005). Automaticity occurs with
extensive practice. With sufficient practice, a procedure can be carried out with
minimal WM load (Sweller et al., 1998). With automation, familiar tasks are
performed accurately, whereas unfamiliar tasks can be learned with maximum

efficiency. Without automation, a previously encountered task may be

18



completed, but performance is likely to be slow (Sweller, Van Merrienboer, &
Paas, 1998).

In summary, both schema construction and automation can free WM capacity.
Knowledge organized in schemas allows learners to categorize multiple
interacting elements of information as a single element, thus reducing the load
on WM. After extensive practice schemas can become automated, allowing
learners to further bypass WM capacity limitations (Paas et al., 2004). From an
instructional design perspective, it follows that designs should not only
encourage the construction of schemas, but also the automation of schemas
(Paas et al., 2004; Van Merrienboer, 1997). Therefore, the ability to automate a
schema is a critical condition for utilizing schemas and reducing cognitive
load. It can be said that these two processes constitute the primary role of

education and training systems.

2.1.3 Capacity of the Working Memory

As discussed previously, as described by the Miller (1956), 7+2 items can only
be processed at one time in human brain. On the other hand, Cowan (2001)
claimed that the capacity limit of WM is 4£2 items. He identified memory
capacity as the maximum number of chunks that can be recalled in a particular
situation (Cowan, 2001 as cited in Khateeb, 2008). There are other cognitive
theorist discussed the capacity of the WM, such as Baddeley and Hincks
(1974).

Some factors affect the capacity of the WM. There obviously are systematic
differences among individuals in their WM capacity for specific tasks, and
these differences influence performance when the person operates at the limit
of his/her WM capacity (Kalyuga, 2009). Such differences could be strongly

influenced by knowledge structures available in LTM. In other words, the prior
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knowledge or background knowledge is a very important factor (Slavin, 1991).
Individuals also differ in their abilities to organize information including large,
complex interactions and procedures in LTM can be taught to consciously use

strategies for making more efficient use of their WM capacity (Slavin, 1991).

The instruction that require learners to engage in complex reasoning processes
involving combinations of unfamiliar elements, thus, must consider how is this
information stored and organized in LTM, hence, it is accessible when and
where it is needed (Kirschner, 2002). In other words, the goal of the
instructional program is to free limited WM from irrelevant mental effort
required to integrate new knowledge and skills into the schemas in LTM (Clark
et al., 2005).

2.2 Cognitive Architecture Principles and Cognitive Load Theory

As discussed above, human cognitive architecture refers the components that
constitute human cognition such as WM and LTM are organized (J. Sweller,
Ayres, & Kalyuga, 2011b). Human cognitive architecture provides a base for
CLT (Khateeb, 2008). As described in the first section, the main assumption of
the CLT is that for the effective instructional methods, instruction designers
need to consider the features of the human cognitive architecture. CLT also
emphasizes the necessity for instructional techniques to be designed in
alignment with the basic operational principles of the human cognitive system
(Chandler & Sweller, 1991; Paas et al., 2010; Sweller, 1988, 1994; Sweller,
2003, 2004; Sweller et al., 2011a). In this section, five principles of the human

cognitive architecture that underlie the CLT are considered.
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2.2.1 The Information Store Principle

As mentioned in above paragraphs, LTM is a part of the human cognitive
architecture where unlimited information is kept for long periods of time. The
information stored in LTM can be considered similar to the biological

information stored in a genetic code (Sweller, 2004).

The immense size of LTM is necessary to enable people to function in complex
natural environments. A natural information store must be sufficiently large to
enable it to respond flexibly and appropriately to a very large range of
conditions. In the case of human cognition, LTM store is sufficiently large to

enable the variety of cognitive activities (Khateeb, 2008; Sweller et al., 2011a).

2.2.2 The Borrowing and Reorganizing Principle

The borrowing and reorganizing principle provides the major technique by
which knowledge is stored in the information store, it is both central and
essential to a natural information store. Without this principle, large amounts of
knowledge could not be acquired to be stored (Khateeb, 2008; Sweller et al.,
2011a). However, this principle does not explain the procedure of acquiring
original knowledge (Khateeb, 2008).

2.2.3 The Randomness as Genesis Principle

While the borrowing and reorganizing principle explains how information is
communicated in natural systems, the randomness as genesis principle
provides the mechanism by which it is initially created. It provides the
creativity engine for natural information processing systems by using a random

generate and test procedure (Sweller, 2003; Sweller et al., 2011a).
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During problem solving, random moves are generated when knowledge is
unavailable. These random moves are subject to effectiveness tests with useful
ones being retained while non-beneficial ones are ignored. Retained moves can
be incorporated into LTM and this knowledge then may be transmitted to

others via the borrowing principle (Sweller, 2004).

Designing and reorganizing and randomness as genesis principles work
together. They explain how information is created, transmitted and then stored

in the information store LTM in the human cognition (Sweller et al., 2011a).

2.2.4 The Narrow Limits of Change Principle

The narrow limit of change principle incorporates the limitations of WM flows
directly from the randomness as genesis principle. Random generate and test is
a necessary aspect of dealing with novelty. Mechanisms are required to ensure
that any alterations to the store of information in LTM maximize the
probability that a particular change will be effective and minimize the
probability that a change will destroy the functionality of the store (Sweller,
2008).

Instructional designers need to take into account this factor of not overloading
WM. As discussed before, human cognition is limited by seven items to be
held in WM (Miller, 1956) and by four items to be processed (Cowan, 2001).
In order to avoid these limits, schemas held in LTM need to be utilized. A
schema can permit multiple elements to be treated as a single one in WM and
less effort will be faced by WM (Khateeb, 2008). Therefore, experts in an area
do not suffer these limitations; their schemas have already been acquired and
automated. The problem of WM limits apply only to novices when dealing
with novel information (Sweller, 2003, 2004).
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2.2.5 The Environmental Organizing and Linking Principle

The environmental organizing and linking principle provides the final step in
permitting a natural information processing system to function in a given
environment. It also provides the primary justification for a natural information

processing system (Sweller, 2008; Sweller et al., 2011a).

The previous principles only are necessary in order to permit the environmental
organizing and linking principle to function appropriately in its environment
(Sweller et al., 2011a). It is this principle that ultimately allows performing in
environment. Without the environmental organizing and linking principle,
there would be no purpose to creating novel information through the
randomness as genesis and narrow limits of change principles, no purpose to
storing that information in an information store or transferring that information
to other stores via the borrowing and reorganizing principle. Table 2.1

summarizes cognitive architecture principles.

Table 2.1

Cognitive Architecture Principles

Principle Function

Information store principle E;Zp information for long periods of
. . L Allow the building of an information

Borrowing and reorganizing principle store

Randomness as genesis Create novel information

Input environmental information to the

Narrow limits of change . .
information store

Environmental organizing and linking

orinciple Use information in information store

These characteristics of human cognitive architecture have direct implications
for instructional design (Sweller, 2008) and provides a context that can be used
to explain why some instructional procedures do or do not work (Sweller et al.,

2011a). Based on human cognitive architecture, categories of instruction that
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are likely to be effective can be determined. CLT uses the cognitive
architecture described above to generate instructional design principles
(Sweller, 2004).

2.3 Types of Cognitive Load

Cognitive load can be defined as a multidimensional construct representing the
load that performing a particular task imposes on the learner’s cognitive system
(Paas et al., 2003; Paas & Van Merrienboer, 1994). This section covers the
types of the cognitive load that instructional procedures that impose depending
on its function (Paas et al., 2003; Sweller et al., 1998).

2.3.1 Intrinsic Cognitive Load (ICL)

Element interactivity level is an important concept which determines the level
of the ICL (Sweller, 2010). An element is anything that needs to be understood
and learned. Clark et al. (2005) defines it as ‘‘a property of instructional
content that reflects the extent to which multiple content components must be
held and processed simultaneously in WM in order to be learned or to achieve

a performance objective’’(p.344).

Sweller (2010) considered the learning chemical symbols or some of the nouns
of a foreign language as examples for the low element interactivity tasks
because they do not impose a heavy WM load because individual elements can
be learned independently of each other. On the other hand, composing a
sentence in a foreign language is considered as high element interactivity task
because all words must be considered in relationship to each other and to

grammar rules.
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Another example considered by the Sweller (2010) is about the solution of the
equations. When dealing with equations, all of the elements associated with an
equation must be considered simultaneously because all of the elements

interact. For a novice, learning algebra and faced with the problem,

at+b
—=

d

solve for a, each of the symbols in the equation may act as an element, and all
must be processed simultaneously in WM for the equation to be understood.
Learning how to solve this category of problems is a much higher element
interactivity task than learning the chemical symbols of the periodic table
(Sweller, 2010).

As described before, element interactivity levels are determined by estimating
the number of interacting elements (Sweller, 2010; Sweller & Chandler, 1991;
Tindall-Ford, Chandler, & Sweller, 1997). Such estimates must simultaneously
take into account the nature of the information and the knowledge of learners.
The level of interactivity between elements of information that are essential for
learning determines ICL. If element interactivity is low, ICL also will be low
because only a small number of elements and relations will need to be

processed simultaneously in WM (Sweller et al., 2011a).

ICL cannot be altered because it is intrinsic to a particular task. If the learning
task is unaltered and if the knowledge levels of the learners remain constant,
ICL also will remain constant. Therefore, ICL can be altered by changing the
nature of the learning task and the levels of the learners (learning) (Sweller,
2010; Sweller et al., 2011a).

Reducing ICL by altering the nature of what is learned may be an important
instructional technique, but in most cases its utility is to be temporary.
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Learning includes converting a group of interacting elements that are treated as
multiple elements in WM into a smaller number (or a single) element. A major
function of learning is to reduce element interactivity and ICL by incorporating
interacting elements in schemas. The reduction in ICL frees WM resources for
other activities. Thus, learning through schema acquisition eliminates the WM

load imposed by high element interactivity information (Sweller et al., 2011a).

Element interactivity can be used to define the term “‘understanding’’ (Marcus,
Cooper, & Sweller, 1996). The term understanding is applied only when
dealing with high element interactivity material (Sweller et al., 1998).
Information is fully understood when all of its interacting elements can be
processed in WM. A failure to understand occurs when appropriate elements
are not processed in WM. Information is difficult to understand when it
consists of more interacting elements than can be processed in WM. Low
element interactivity information is easy to understand because it can easily
and appropriately be processed in WM (Sweller et al., 1998; Sweller et al.,
2011a).

As described before, the concept of element interactivity is closely tied to the
definitions of schemas. An element is anything that needs to be learned or
processed; schemas are usually multiple, interacting elements (Sweller, 2006).
Once a schema has been constructed, it becomes another, single, element that
does not impose a heavy WM load and can be used to construct higher-order

schemas (Sweller et al., 2011a).

2.3.2 Extraneous Cognitive Load (ECL)

WM load is not only imposed by the intrinsic complexity of the material that
needs to be learned but also may be imposed by instructional procedures that

are less than optimal. Non-optimal instructional procedures are referred to as
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imposing an ECL (Sweller et al., 2011a). CLT is primarily concerned with
techniques designed to reduce ECL (Clark et al., 2005; Sweller, 2010).

Reducing ECL is critical when teaching in an area with high element
interactivity. In other words, when ICL is high, ECL is a concern that must be
handled. In contrast, when dealing the material low element interactivity (low
ICL), reducing of the ECL is not crucial because total cognitive load do not
exceed the capacity of the WM (Clark et al., 2005).

Element interactivity is used for describing only ICL. However, Sweller (2010)
suggested that element interactivity is the major source of WM load underlying
ICL as well as ECL. Beckmann (2010 as cited in Sweller, 2010) suggested that
It element interactivity can be reduced without altering what is learned, the
load is ECL; if element interactivity only can be altered by altering what is
learned, the load is ICL. The same information may impose an ICL or an ECL
depending on what needs to be learned. Thus, element interactivity not only
underlies ICL but also ECL and indirectly GL (Sweller, 2010) which will be

discussed in next section.

There is a clear distinction between ICL and ECL (Sweller et al., 2011a). Both
are additive and together contribute to the total cognitive load imposed by a
learning task. If this total cognitive load exceeds the capacity of limited WM
resources, learning will be difficult and schema construction and automation
inhibited. If learning is to be successful, total cognitive load may need to be
reduced. To reduce cognitive load, instructional procedures may need to be
modified (Leahy, Chandler, & Sweller, 2003). There are several effects of the
CLT that modifies the instruction for controlling the ECL. In the following

sections, these effects will be considered.
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2.3.3 Germane Cognitive Load (GCL)

This type of cognitive load is that remaining free capacity in WM toward
schema acquisition and rule automation (Schnotz & Kiirschner, 2007; Sweller
et al., 2011a). Clark et al. (2005) defines GCL as ‘‘work imposed on WM that
uses mental capacity in ways that contribute to learning’’(p.346). Sweller,
Merrienboer, and Paas (1998) stated that GCL is load that directly contributes
to learning, that is, to the learner’s construction of cognitive structures and

processes that improve the performance.

CLT considers the construction and subsequent automation of schemas as the
main goal of learning (Sweller et al., 1998). The construction of adequate and
rich schemata is especially important in complex learning tasks where it will
require more effort GCL is required for the construction and storage of
schemata into LTM (Kirschner, 2002). The construction of schemas involves
processes such as interpreting, exemplifying, classifying, inferring,
differentiating, and organizing. Instructional designs should try to stimulate
and guide students to engage in schema construction and automation and in this

way increase GCL (Jong, 2010).

As described before, ICL and ECL are additive, an increase in ECL reduces the
WM resources available to deal with ICL and hence reduces GCL. Decreasing
ECL frees resources to deal with ICL and thus increases GCL. When ICL is
high, it is important to decrease ECL; otherwise, the combination of both might
exceed the maximum cognitive capacity and thus prevent the GCL to occur.
From an instructional design point of view, it is important to consider
communication of ECL and GCL, because the reduction of ECL can free
cognitive resources for an increase in GCL (Paas et al., 2003; Paas et al., 2010;
Schnotz & Kiirschner, 2007).
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2.4 Factors Affecting Cognitive Load

Both causal and assessment factors affect the cognitive load (Kirschner, 2002;
Paas & Van Merrienboer, 1993). Causal factors can be characteristics of the
subject, the task, the environment, and their mutual relations. Assessment
factors include mental load, mental effort, and performance as the three
measurable dimensions of cognitive load. The Figure 2.2 developed by the
Paas and Van Merrienboer (1993) shows the factors determining the level of

the cognitive load.
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Figure 2.2. The factors determining the level of the cognitive load.

Source: (Paas & Van Merrienboer, 1993).

Mental load is the portion of cognitive load that is imposed exclusively by the
task and environmental demands. In other words, it is the aspect of cognitive
load that originates from the interaction between task and subject

characteristics (Paas et al., 2003). According to the model, it provides an
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indication of the expected cognitive capacity demands and can be considered

as a priori estimate of the cognitive load.

Mental effort refers to the cognitive capacity actually allocated to the task
(Kirschner, 2002), thus, it can be considered to reflect the actual cognitive load
(Paas et al., 2003).

As described before, cognitive load is seen as a construct representing the WM
resources required to learn a particular material or to perform a particular task.
The amount of WM resources that is actually allocated by the learner to the
process of learning or to task performance is called the mental effort. A
learner’s performance on a task depends on the cognitive load of the task and
the learner’s mental effort invested into the task. In this study, the term
cognitive load is used instead of the term mental load; by referring the same

meaning.

The performance is a reflection of mental load, mental effort, and the
previously discussed causal factors. Performance can be defined in terms of
learner’s achievements, such as the number of correct test items, number of
errors, and time on task. It can be determined while people are working on a

task or later.

2.5 Measuring Cognitive Load

The question of how to measure the multidimensional construct of cognitive
load has proven difficult for researchers. According to the Paas and Van
Merrienboer (1993) model (Figure 2.2), cognitive load can be assessed by
measuring mental load, mental effort, and the performance of learner (Paas et
al., 2003).

30



The analytical and empirical methods to classify cognitive load measurement
was used in the literature, but empirical techniques for measuring mental effort
have received a lot of attention from CLT researchers (Paas et al., 2003). In
particular, subjective rating scale, psycho-physiological, and task-performance-
based techniques have been used to determine the cognitive load in cognitive
load research. Each category incorporates a number of individual assessment

techniques (Sweller et al., 1998).

Subjective rating scale techniques are based on the assumption that people are
able to introspect on their cognitive processes and to report the amount of
mental effort expended (Paas et al., 2003). This is also the main assumption of
this study. Kalyuga (1999 as cited in Brunken, Plass, & Leutner, 2003)
reported a high sensitivity of these scales in identifying differences in training
strategies, but these differences could potentially also have been caused by task
difficulty, individual competency levels of the learners, or different attention

processes.

Physiological techniques are based on the assumption that changes in cognitive
functioning are reflected in physiological measures. These techniques include
measures of heart rate, heart rate variability, brain activity, and eye activity
(Paas et al., 2003).

Task and performance-based techniques include two subclasses of techniques:
primary task measurement, which is based on learner performance of the task
of interest, and secondary task methodology, which is based on performance
when a second task is performed concurrently with the primary task. These
techniques use objective task characteristics and performance levels to obtain

information on mental effort (Paas et al., 2003).
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According Briinken, Plass, and Leutner (2003), the various methods of
assessing cognitive load that are currently available can be classified along two
dimensions, objectivity (subjective or objective) and causal relation (direct or
indirect). The objectivity dimension describes whether the method uses
subjective, self-reported data or objective observations of behavior,
physiological conditions, or performance. The causal relation dimension
classifies methods based on the type of relation of the phenomenon observed

by the measure and the actual attribute of interest.

Whereas the central claim of CLT is that any instructional design should
incorporate efficient use of WM capacity, it is not common to measure
cognitive load while conducting research on instruction. Until 1992,
instructional research in the context of CLT was exclusively concerned with
performance-task-based estimates of cognitive load (Paas et al., 2003).
Recently, in addition to these estimates of cognitive load, subjective and
physiological measurement techniques have been applied (Sweller et al.,
2011a).

With respect to subjective techniques used in the context of CLT, Paas and Van
Merrienboer (1994) have used a rating scale for measure perceived task
difficulty. Using a 9-point Likert scale ranging from very, very low mental
effort (1) to very, very high mental effort (9), learners were asked to rate their
mental effort at various points in the learning and testing cycle. In comparing
instructional procedures that were hypothesized to rise or lower cognitive load,
Paas (1992) found a match between self-rated mental effort and test
performance. Learners who were presented an instructional design
hypothesized to impose a low cognitive load had superior learning outcomes
and rated their mental effort lower than students who were presented a design

hypothesized to be high in cognitive load (Sweller et al., 2011a).
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Paas & Van Merrienboer (1993) reports on a calculation approach for
combining measures of mental load and task performance that allows one to
obtain information on the relative efficiency of instructional conditions.
Efficiency is a property of instructional products that results in faster learning,
better learning, or both (Clark et al., 2005). Paas & Van Merrienboer (1993)
method is based on the standardization of raw scores for mental effort and task
performance to z scores, which are displayed in a cross of Cartesian coordinate
axes. Relative condition efficiency is calculated as the perpendicular distance
to the line that is assumed to represent an efficiency of zero. The method for
calculating and representing relative condition efficiency discussed in their
study has a valuable addition to research on the training and performance of

complex cognitive tasks.

The combination of measures of mental effort and performance can reveal
important information about cognitive load, which is not necessarily reflected

by performance and cognitive load measures alone (Paas et al., 2003).

2.6 Effects of the Cognitive Load Theory

CLT effects provide the instructional recommendations generated by CLT.
Each effect has been studied as an experimental study using randomized,
controlled experiments in which an instructional technique generated by CLT
iIs compared to an alternative, usually more traditional technique (Sweller,

2008). Some of these effects are considered in the following.

2.6.1 Worked Example and Completion Example Effects

Early research into CLT found that instructional formats that required problem-
solving search strategies imposed a heavy WM load that delayed learning

(Sweller, 1988). To avoid this and enhance learning, instructional designers
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have successfully employed worked examples in a number of domains, such as
mathematics (Clarke, Ayres, & Sweller, 2005).

A worked example provides a step-by-step solution to a problem (Sweller et al.,
2011a). It is a technique that decreases ECL by replacing some practice
exercises with a series of worked examples, each followed by similar practice
exercise (Clark et al., 2005). Worked examples consist of modeling the process
of problem solving in a well-structured domain such as physics or mathematics
by presenting an example problem and demonstrating the solution steps and
final answer to the problem (Renkl, Stark, Gruber, & Mandl, 1998). The
worked example effect flows directly from the cognitive architecture (Sweller,

2008; Sweller et al., 2011a) discussed in the previous sections.

Worked examples can efficiently provide with the problem-solving schemas
that need to be stored in LTM using the information store principle. Once
stored in LTM, it can be used to solve related problems using the
environmental organizing and linking principle. Those schemas are borrowed
from the LTM of the provider of the worked example by way of the borrowing

and reorganizing principle (Sweller, 2008; Sweller et al., 2011a).

Worked examples impose a relatively low WM load (narrow limits of change
principle) compared to solving problems using means—ends search. While all
intrinsic interacting elements are summarized in the information contained
within a worked example, solving a problem by means—ends search adds the
additional elements associated with the randomness as genesis principle
(Sweller, 2008). That principle unnecessarily adds problem-solving search to
the interacting elements, thus imposing an ECL (Cooper and Sweller, 1987 as
cited in Paas & Van Merrienboer, 1994; Sweller, 2008). Together, these

various mechanisms of CLT suggest that for novice learners, studying worked
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examples should be superior to solving the equivalent problems (Sweller et al.,
2011a).

During the last few years, the educational advantages of worked examples have
been provided in several fields such as Algebra, Engineering, and Statistics.
Further, empirical evidence has shown that learning with worked examples is
most important during initial skill acquisition stages for well-structured fields
such as physics and mathematics (VanLehn, 1996). Some of these studies

related to the mathematics field will be described in the following sections.

Sweller et al. (2011a) expressed the issue when worked examples are more

beneficial by stated:

Learners, particularly those in the initial stages of cognitive skill
acquisition, benefit more from studying worked examples than an
equivalent episode of problem solving. Unlike worked examples,
conventional problems force learners to apply a capacity-demanding
means-ends analysis, wherein the goal state of the problem can be
attained only by subdividing it into a hierarchy of goals and sub-goals,
which have to be achieved in a backward order by finding the appropriate
operators. Once a problem is identified as belonging to a known problem
type, the appropriate schema is retrieved from LTM, and the solution
procedure that is associated with that problem type is activated in WM
and used to produce a solution to the new problem (p.107).

As understood from the previous sentences of Sweller et al. (2011a), worked
examples are very effective during the initial stages of cognitive skill
acquisition. As learner gains expertise during the training, worked examples
actually become detrimental and learners are better off with lessons in which
they work all the problems (Clark et al., 2005; Sweller et al., 2011a). Once the
learners has acquired a basic schema for the skill concept, they learn best by
applying the schema to problems, rather than investigating redundant effort in

studying more worked examples.
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To accommodate learners as they build expertise is through a process called
backward fading of worked examples (Clark et al., 2005). A completion
problem is a partial worked example where the learner has to complete some
key solution steps (Sweller et al., 2011a). It is a hybrid between practice
assignment and a worked example. Clark et al (2005) defines completion
examples as an ‘‘instructional technique in which step by step worked example
is partially filled in by the instruction and fished by the learner’’(p.343). The
backward fading is the process in which completion examples evolve into full
problem assignments by a gradual increase in the number of steps that must be
completed by the learner (Clark et al., 2005; Sweller et al., 2011a). For
example, in this study, an Equation example demonstrated the first two steps
and asks the learners to complete the last three steps. The Figure 2.3 illustrates

this process.

O =worked in lesson
: = worked by learner

Step 1 @

Step 2 Step 2

w -

Lesson Start Lesson End

Figure 2.3. The backward fading.
Source: (Clark et al., 2005)

The process begins with a fully worked example that provides a model for the

learner; the next few examples are the completion examples in which more and
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more of the work is done by the learner. End of the lessons, full problems are
assigned (Clark et al., 2005).

According to Clark et al. (Clark et al., 2005), completion examples reduces
cognitive load by incorporating some worked examples and it fosters deep

processing requiring completion of the remaining elements.

As described early, the efficiency of a lesson can be increased by replacing
some practice either with worked examples or completion examples. These
effects manage cognitive load of novice learners by freeing up WM capacity to
build new schemas by studying of examples (Clark et al., 2005). However, as
learners gain expertise, eventually worked examples actually become

detrimental and learners better off with lessons in work all the problems.

As a conclusion, worked example effect is the most important of the CLT
effects which was also used as a main effect in this study. Further, it has given
rise to many other cognitive load theory effects, some of them discussed
subsequent sections.

2.6.2 The Split Attention Effect

Clark et al. (2005) defined split attention as a ‘‘source of ECL caused by
separation of related instructional elements that must be processed together for
understanding’’ (p.351). According to Sweller (2011a) split-attention occurs
when learners are required to split their attention between at least two sources
of information that have been separated either spatially or temporally. A
geometric diagram and its associated statements provide an example for the
split attention. Before the statements can be understood, the diagram and its
associated statements must be mentally integrated (Leahy et al., 2003). Details

of this research will be considered in subsequent sections.
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From a CLT perspective, each source of information must be essential to an
understanding of the overall content to be learned and must be unintelligible in
isolation. For maximum learning to occur, all disparate sources of information
must be mentally integrated (Sweller et al., 2011a). In other words, the
individual sources of information cannot be understood in isolation and must
be integrated in WM (Elliott, Kurz, Beddow, & Frey, 2009). However, by
requiring learners to integrate several sources of information that are separated
in space or time, ECL is created. Consequently, to prevent the learner
experiencing split-attention, the different sources of information need to be
physically integrated by the instructional designer (Sweller et al., 2011a).

Sweller (2011a) stressed the split-attention effect with human cognitive

architecture by stating:

Providing information to learners uses the borrowing and reorganizing
principle to increase information in LTM. If that information is presented
in split-source form, learners must search for referents. Search always
involves the randomness as genesis principle and imposes a WM load
due to the narrow limits of change principle. That search can be reduced
by physically integrating multiple sources of information, reducing
unnecessary interacting elements and so reducing ECL. The increased
information stored in LTM then can be used to solve subsequent
problems according to the environmental organizing and linking
principle (p.112).

The split-attention effect has been obtained in a wide variety of situations using
many different types of materials studied by many different categories of
learners (Sweller et al., 2011a). Nevertheless, there is a set of requirements
common to all situations in which split-attention occurs. The most important of
these is that the multiple sources of information must be un-learnable in
isolation. If, for example, a diagram provides all of the information needed to
learn, integrating any additional text into the diagram will not be beneficial.

Under these situations, for example, the text should be eliminated.
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The split-attention effect only occurs when the two or more sources of
information must be processed together in order to understand the information
being presented. With that proviso, there are many different forms of the split-
attention effect. These forms of split attention effect can be categorized as
““‘worked examples and split attention’’, ‘‘diagrams and written explanations’’,
“multiple sources of text’’, ‘‘more than two sources of information’’, and
‘‘split-attention while learning to use a computer’’. The research on these
forms is considered in the following paragraphs by only taking the forms

related to the mathematics education.

The split-attention effect is important for several reasons. First, it provides an
important instructional design principle for information that needs to be
considered simultaneously, in order to be understood needs to be presented in a
manner that eliminates spatial or temporal separation (Sweller et al., 2011a).
Secondly, the split-attention effect indicates why worked example effect
sometimes fails. Simply presenting worked examples does not guarantee a
reduction in ECL (Sweller & Chandler, 1991). Worked examples must be
structured to ensure that they do not themselves impose a heavy ECL. Thirdly,
the split attention effect flows directly from CLT. Holding information in WM,
while searching for referents, imposes a heavy ECL that should be reduced
(Sweller et al., 2011a).

Clark et al. (2005) developed guidelines to avoid split attention and focus on
attention. When learners are faced with content and delivery systems that
impose a relatively high cognitive load, instructional designers should use
methods both to focus attention and to avoid split attention. To focus attention,
use methods that direct cognitive resources toward relevant content in training
materials. The ‘‘focus attention and avoid the split attention’” guideline was

implemented in this study. Some of the guidelines are ‘‘use cues and signals to
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focus attention to important visual and textual content’” and °‘integrate

explanatory text close to related visuals on pages’’.

Split attention caused by taking notes from a lecture may reduce the learning
(Clark et al., 2005). The cognitive load required to notes reduces mental
capacity that could be devoted to processing the content in ways that lead to
learning. Clark et al. (2005) suggested that cognitive load can be minimized
imposed by note-taking lectures by providing learners with content summaries

and using class time for learning activities.

2.6.3 The Modality Effect

The modality effect is closely related to the split-attention effect (Sweller et al.,
2011a). As discussed previously, the split-attention effect occurs when learners
must process separate but related sources of information that cannot be
understood without mental integration. The cognitive resources required to
effect this integration are unavailable for learning and may exceed the available
capacity of WM. An alternative way of dealing with split-attention conditions
is the modality effect; doing so by engaging both auditory and visual channels
of information in WM rather than just the visual channel (Sweller et al., 1998;
Sweller et al., 2011a).

Sweller (1998) and Clark et al. (2005) stressed the fact that WM includes
separate processing areas for visual and auditory information, using the
auditory mode along with the visual makes most efficient use of limited WM
resources. They define modality effect as ‘‘a CLT effect stating that complex
visuals are understood more efficiently when explanatory words are presented

in an audio modality than when presented in a written modality’’ (p.348).
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Sweller (Sweller et al., 2011a) considered the modality effect with respect to

cognitive architecture described earlier by stating:

The cognitive architecture relies on the borrowing and reorganizing
principle to facilitate the transfer of information to the LTM information
store, that information needs to be structured to take into account the
limitations of WM as indicated by the narrow limits of change principle,
and once knowledge is stored in LTM, it can be used to govern activity
as specified by the environmental organizing and linking principle. If
dual-modality presentation taps into a biologically primary ability, it will
automatically reduce WM load leading to an advantage (p.129).

The major instructional implication that flows from the modality effect can
have considerable benefits to presenting information in a dual-mode, audio-
visual form rather than in a visual-only form (Sweller et al., 1998; Sweller, et
al., 2011a). Instruction designers must be ensuring that the conditions for the
superiority of audio-visual instructions apply. The most important conditions,
are that the audio and visual sources of information must rely on each other for
intelligibility, element interactivity needs to be high and the audio component

needs to be sufficiently short to be readily processed in WM.

2.6.4 The Redundancy Effect

Clark et al. (2005) stated that the redundancy effect is content or content
expressions that are duplications either of each other or of knowledge already
in memory impede learning. The redundancy effect occurs when unnecessary,
additional information is presented to learners (Sweller, 2010). In other words,
it occurs when multiple sources of information are contained and can be used
without reference to each other. Sweller (2011a) suggested that the redundancy
effect may also occur when the multiple sources of information can be

understood separately without the need for mental integration.
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Sweller (2011a) considered redundancy issue together with human cognitive

architecture by stating:

That ECL violates the narrow limits of change principle that requires
WM load to be minimized. Less information will be transferred to the
LTM information store resulting in less effective use of the
environmental organizing and linking principle, the critical principle
used to generate action. It follows that only essential information should
be presented to learners in order to maximize use of the borrowing and
reorganizing principle when acquiring information (p.154).

It is very important that levels of learner expertise could influence the
redundancy effect, which may be affected by learner levels of expertise.
Information that is essential and non-redundant for novices may become
redundant for experts. The expertise reversal effect observed in such situations
depends on the redundancy effect (Sweller et al., 2011a) and will be considered

next.

2.6.5 The Expertise Reversal Effect

Expertise reversal effect is the negative effect of instructional methods that aid
the learning of novices on the learning of experts (Clark et al., 2005). In other
words, expertise reversal effect occurs when an instructional procedure “X”
that is effective for novices in comparison to an alternative procedure “Y”
becomes less effective as expertise increases (Kalyuga, Ayres, Chandler, &
Sweller, 2003).

The expertise reversal effect is dependent on a change in status of interacting
elements. Initially, for novices, a set of interacting elements reflect ICL
because they are essential for understanding. With increases in expertise, the
same interacting elements reflect ECL because they are no longer needed
(Sweller, 2010).

42



The expertise reversal effect flows as a logical consequence of some
fundamental features of human cognitive architecture as described by Sweller
(2011a):

The critical role of learner knowledge in LTM is central to human
cognition. LTM provides an information store and information in that
store can drive appropriate action via the environmental organizing and
linking principle. It is therefore reasonable to expect that levels of learner
knowledge (or levels of learner expertise) should influence the
occurrence of all cognitive load effects. If learners already have acquired
information, requiring them to process that information again via the
borrowing and reorganizing principle may result in an ECL due to the
narrow limits of change principle. Learners who already have acquired
information will be unnecessarily processing excess interacting elements.
In contrast, learners who do not have the required information will need
to process those elements. Instructional procedures need to reflect these
differing cognitive states. Instructional techniques and procedures that
are optimal for novice learners may become suboptimal when learners
acquire more expertise in the domain (p.155).

Feldon (2007 as cited in Khateeb, 2008) summarized the characteristics of

experts in the following manner:

Experts possess extensive conceptual and strategic knowledge. They use
effective automated procedures that allow them to outperform non-
experts; consuming less time and experiencing less effort. Experts’ WM
has more capacity than novices’. It allows them to successfully attempt
more complex problems (p.61).

CLT provides evidence that learners’ level of expertise plays a critical role in
the extent to which they benefit from an instructional method. Thus,
instructional designers need to be aware of learners’ level of expertise to
produce effective instructions (Chandler & Sweller, 1991; Kalyuga, Chandler,
& Sweller, 2001; Khateeb, 2008).
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2.6.6 Guidance Fading Effect

The worked example/problem-solving version of the expertise reversal effect
leads directly to the guidance fading effect (Renkl & Atkinson, 2003). novices
need to be presented many worked examples whereas more expert learners
should be presented problems, it might be hypothesize that learners should first
be presented worked examples, followed by completion problems and then full
problems (Sweller, 2010).

Two types of fading procedures have been proposed. In backward fading as
described before, the first learning task is presented as a completely worked
example, the second task is presented with the solution to the last step omitted,
the third task with the solutions to the last two steps omitted, etc. In a forward
fading procedure, the first learning task is also presented as a completely
worked example, followed by the second task with the solution to the first step
omitted, the third task with the solutions to the first two steps omitted, etc
(Sweller et al., 2011a). Table 2.2 illustrates the backward and forward backing
procedures with an Algebra question.

Table 2.2

Backward and Forward Backing Procedures with an Algebra Question

Make a the subject of the equation (a + b)/c = d.

Backward Fading Forward Fading
(@a+b)/c=d (@a+b)/c=d
at+b=dc a+b=?

a="? a=dc—Db

Source: (Sweller et al., 2011a).

The element interactivity associated with the guidance fading effect is identical
to the element interactivity associated with the expertise reversal effect. The
interacting elements associated with worked examples are ICL to learning for

novices. With increasing expertise, those ICL, interacting elements become
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ECL to further learning because they are already part of LTM with learning

being enhanced if the elements are eliminated (Sweller et al., 2011a).

2.7 Applying Cognitive Load Theory

The three types of cognitive load and CLT effects as discussed previously,
imply that cognitive load depends on the interaction of the learning goal and

its content, the learners’ prior knowledge, and the instructional environment.

As discussed before, ICL can be high or low, depending on the required
element interactivity. Clark et al. (2005) suggested that CLT effects reduced
ECL efficiency in the learning of complex tasks only. Therefore, learning of
low complex tasks is not impeded by ECL. The general guideline for achieving
efficiency in learning is to “‘minimize ECL in instructional materials when

learning tasks are complex’’ (Clark et al., 2005).

Experts have a large skill repertoire in their memory that allows them to
perform tasks with less effort comparing to a novice. As a result, the general
guideline given above paragraph can be extended as ‘‘avoid ECL when lessons
involve complex content and the learners are novices’ (Clark et al., 2005).
Further, instructional designers need to change their instructional strategies as

learners develop expertise during training.

2.8 Research Studies on Cognitive Load Theory

This section includes the research studies on CLT related to the mathematics
education. Also some of the researches not directly related to the mathematics
education were considered for discussing the concepts efficiency and cognitive
load measure. Worked example, split attention, modality, expertise reversal,

redundancy, and guidance faded effects of the CLT were considered together
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with the CLT principles in preparation of the Students’ Booklets used in the

implementation of this study. For this reason, research on these issues is

considered in this section.

2.8.1 Research on Measuring Cognitive Load

In the section 2.5, the measuring techniques of the cognitive load, namely,

subjective rating scales, psycho-physiological, and task-performance-based

techniques were discussed; and concluded that subjective rating scale is the

most widely used by the CLT researchers. This section represents some of the

research studies together with the used measuring techniques of cognitive load

(Table 2.3). The details of these studies will be considered in the subsequent

sections.

Table 2.3

Research Studies and Used Cognitive Load Measure

Research Cognitive Load
Measure

F. G. Paas, 1992

Training strategies for attaining transfer of problem-

solving skill in statistics: A cognitive-load approach.

FGWC Paas and Van Merrienboer, 1993

The efficiency of instructional conditions: An approach

to combine mental effort and performance measures.

Yeung, Jin, and Sweller, 1998

Cognitive load and learner expertise: Split-attention

and redundancy effects in reading with explanatory Subjective rating

notes.

Tuovinen and Sweller, 1999
A comparison of cognitive load associated with
discovery learning and worked examples.

Kalyuga, Chandler, Tuovinen, and Sweller, 2001
When problem solving is superior to studying worked
examples.

Khateeb, 2008
Cognitive Load Theory and Mathematics Education.

scale (9 scaled)
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Kalyuga, Chandler, & Sweller, 1998
Level of expertise and instructional design

Kalyuga, Chandler, & Sweller, 1999
Managing Split-attention and Redundancy
in Multimedia Instruction Subjective rating

Kalyuga, Chandler, & Sweller, 2000 scale (7 scaled)
Incorporating learner experience into the design of
multimedia instruction.

Kalyuga, Chandler, & Sweller, 2001
Learner experience and efficiency of instructional
guidance.

Paas & van Merrienboer, 1994b
Instructional control of cognitive load in the training of | Heart rate variability
complex cognitive tasks.

Source: (Paas et al., 2003).

As discussed in Section 2.5, the 9-point subjective rating scale originally
developed and used in a research study conducted by Paas (1992). In his study,
participants reported their invested mental effort on a symmetrical scale
ranging from 1 (very, very low mental effort) to 9 (very, very high mental
effort) after each problem during training and testing. The scale’s reliability,
sensitivity, its ease of use have made it the most widespread measure of WM
load within CLT research (Paas et al., 2003).

2.8.2 Research on Efficiency

As described in Section 2.5, Paas and Van Merrienboer (1993) originally
reports on a calculation approach for combining measures of mental load and
performance that allows to obtain information on the efficiency of four
instructional conditions: worked example and solving problems; with high and
low variability in geometry lessons. They used the efficiency calculation
method, standardization of performance and mental scores, by using the
efficiency formula, discussed in the Section 2.5. Results of the study indicated
that the learners who studied in the worked example lessons learned

significantly faster and with lower mental effort than the learners in problem
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solving conditions. The Figure 2.4 shows the efficiency graph of these four

lesson versions.

A number of experiments (Gerven, Paas, Merriénboer, Hendriks, & Schmidt,
2003; Kalyuga, Chandler, & Sweller, 2001; Van Gerven, et al., 2002; J. J. G.
Van Merriénboer, Clark, & De Croock, 2002) demonstrated the calculation of
the efficiency measure by using the efficiency formula. Some of them will be

described in the subsequent section.
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Figure 2.4. Efficiency of the four instructional conditions.
Source: (Clark et al., 2005).

2.8.3 Research on Cognitive Load Theory Effects

Research into worked examples has a long history. Atkinson et al. (Atkinson,
Derry, Renkl, & Wortham, 2000) reported that from the 1950s, researchers
used learning-by-example strategies to investigate the processes involved in
concept formation. Whereas CLT researchers have also focused on concept or
schema formation, many of their studies have explicitly compared worked

example approaches to learning with a problem-solving approach (Sweller et
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al., 2011a). These comparisons direct to the identification of the worked

example effect.

Sweller and Cooper (1985) conducted a study to show that replacing some
practice problems with worked examples required less time and result in the
same/even more learning as requiring learners to work all problems as practice
problems (Clark et al., 2005). Results showed that while they found an
improved test performance by the worked example group on problems similar
to the acquisition problems, they failed to find evidence of transfer. The
worked example group did not have an advantage over the conventional group
on dissimilar problems (Sweller et al., 2011a). Cooper and Sweller (1987)
investigated the conditions under which worked examples could facilitate
transfer. They conducted a series of experiments using both algebra
manipulation problems and word problems to test the hypothesis that in order
for transfer to take place. Worked examples were found to accelerate this
process compared with a problem-solving approach. (Sweller et al., 2011a).
This experimental study direct all experimental studies conducted related to the

worked example effect.

In a longitudinal study, Zhu and Simon (1987) showed that worked examples
could be successfully substituted for lectures and other traditional mathematics
classroom activities over a prolonged period. They found that a mathematics
course that was traditionally taught in 3 years could be completed in 2 years
with better performance using a comprehensive strategy based on worked
examples (Clark et al., 2005; Sweller et al., 2011a).

Paas (1992) compared the efficiency and learning effectiveness of three lesson
versions: all practice problems, worked examples and practice pairs, and
completion examples and practice pairs. He performed this study in the field of

statistics. He asked the participants to rate the amount of invested effort on 9-
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point scaled subjective rating scale. Training with partly or completely worked
examples leads to less effort demanding and better transfer performance.

Moreover, time on training was shortest in the worked condition (Paas, 1992).

Carroll (1994) conducted two experiments with high school students; studied
worked examples while learning how to translate English expressions into
Algebraic equations. Results of these experiments indicated that students using
worked examples outperformed the control group students on posttests after
completing fewer practice problems; they also made fewer errors per problem
and fewer types of errors during acquisition time, completed the work more

rapidly, and required less assistance from the teacher.

Like other effects of the CLT, the initial research into split attention effect was
conducted using learning materials from mathematics and the sciences (Sweller
et al., 2011a). The initial research was conducted by Tarmizi and Sweller
(1988), who originally aimed to extend the findings of the worked example
effect to geometry materials. Initially, they found that neither worked examples
nor guided solutions in geometry were any better than conventional problem
solving strategies. They reasoned that the split-attention format conventionally
used in geometry could explain the failure of geometry worked examples. The
worked examples used had adopted the common presentation format found in
mathematics textbooks with the written solution steps below the diagram.
Tarmizi and Sweller (1988) then successfully tested an integrated approach
similar to that depicted, demonstrating that studying worked examples was
superior to conventional problem solving, provided diagrams and solution steps

were physically integrated (Sweller et al., 2011a).

The split-attention effect was also found with coordinate geometry worked
examples (Sweller, Chandler, Tierney, & Cooper, 1990). The study of Sweller

et al. (1990) showed that worked examples had no advantage over conventional
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problem solving when they were constructed in a split-source presentation
format, but had a significant advantage if they were structured according to an

integrated approach.

The study to examine the effectiveness of explanatory notes within a split
attention context was conducted by Sweller et al. (Sweller et al., 1990). They
found that the most effective format used to provide explanations during initial
instruction was to integrate explanatory notes into a diagram at the closest
point of reference (Clark et al., 2005; Sweller et al., 2011a). Instead of writing
explanatory notes below the diagram, the notes can be labeled and embedded
into the diagram. They found that constructing worked examples that reduced
or eliminated that search by physically integrating text into diagrams reinstated
the worked example effect in geometry, in the process, demonstrated the split
attention effect (Schnotz & Kiirschner, 2007; Sweller et al., 1990).

There were many experiments (Chandler & Sweller, 1991; Chandler &
Sweller, 1992, 1996; Tarmizi & Sweller, 1988) that demonstrated the split-
attention effect in a diverse range of areas such as geometry, numerical control
programming, computing, physics, electrical installation testing and human
anatomy (Leahy et al., 2003). The results suggest that reducing or eliminating
the split attention effect may have extensive applications (Sweller et al.,
2011a).

Mousavi et al. (1995) first demonstrated the instructional modality effect by
using geometry materials. They hypothesized that if WM has partially
independent processors for handling visual and auditory material, effective
WM may be increased by presenting material in a mixed rather than a unitary
mode. Therefore, the negative consequences of split-attention in geometry
might be avoided by presenting geometry statements in auditory form, rather

than visual form. The results of experiments demonstrated that support of
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auditory solution statements regardless of whether problem information is

presented in written or diagrammatic form (Mousavi et al., 1995).

Using novices, Kalyuga et al. (2001) obtained a conventional worked example
effect with worked examples proving superior to solving the equivalent
problems. With increasing expertise in the domain, that effect first disappeared
and then reappeared as a reverse worked example effect. Solving problems was
superior to studying worked examples for more expert learners. Studying
worked examples was useful for novices in a domain. With increasing
expertise, those worked examples merely demonstrated procedures that were
already available to the learner from LTM, and so worked examples were
redundant with further learning being facilitated by practicing solving
problems (Schnotz & Kiirschner, 2007; Sweller, 2010).

Brunstein, Betts, and Anderson (2009) investigated the effects of minimal
guidance during instruction on learning using Algebra tuition. They found that
with sufficient practice, minimal guidance was superior to explicit instruction
but with less practice, minimal guidance was inferior to explicit instruction.
These results were in accord with the expertise reversal effect (Sweller, et al.,
2011a). Once students have learned enough during practice, they no longer

require guidance and indeed, redundant guidance has negative effects.

Atkinson, Renkl and Merrill (2003) compared the learning effectiveness of
worked example problem pairs with completion examples using progressive
backwards fading. Progressive backward fading completion problems resulted
in better learning and reduced cognitive load.

Kalyuga and Sweller (2004) obtained similar results by using coordinate
geometry with high school students divided into two groups of relatively more

and less knowledgeable learners based on pretest scores. Results of the posttest
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indicated a significant interaction between knowledge levels and instructional
formats. Less knowledgeable students benefited more from worked examples
providing guidance. For more knowledgeable learners, there was a clear

indication of problem-solving benefits (Sweller et al., 2011a).

Kalyuga and Sweller (2004) tested a real time adaptive fading procedure when
participants were learning to solve Algebraic Equations. To diagnose the
learners’ knowledge with respect to certain steps, researcher used the rapid-
assessment technique. In this technique, learners receive a (partially solved)
task and are asked to indicate rapidly their next solution step. Students’
answers range from using a trial and error strategy to providing directly the
final answer, indicating the availability of certain schemata in the domain.
Researchers steered the provision of worked-out or faded steps right from the
beginning on the basis of the individual learner’s performance on rapid-
assessment tests. The learners in the adaptive fading condition significantly

outperformed with respect to knowledge gains (Plass et al., 2010).

Research into adaptive fading methods is still in its early stages and the number
of studies is limited (Sweller et al., 2011a). However, the available research
(Atkinson et al., 2003; Kalyuga, Chandler, & Sweller, 2001; Tindall-Ford et
al., 1997) has already demonstrated that adaptive fading procedures can
improve learning outcomes with significant impacts on the acquisition of basic
knowledge and skills for novice learners as well as more strategic knowledge

and transfer capabilities for more advanced learners (Sweller et al., 2011a).

Pawley et al. (2005) conducted a study investigating the augmentation of
worked examples with a checking strategy. In this strategy, students learned
how to generate and solve simple Algebraic equations together with how to
check the accuracy of their answers. Experiments covered the three effects of

the CLT: worked examples effect, redundancy effect, and expertise reversal
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effect. Results of the study indicated that checking technique was beneficial for
students with low levels of general mathematical ability, but not for students
with higher mathematics ability levels. The positive effect of checking for
lower ability students and the negative effect for higher ability students was an
example of the expertise reversal effect of the CLT.

2.8.4 Research Studies on Cognitive Load Theory in Turkey

Kili¢ (2006) in her unpublished dissertation investigated the effects of parallel
instructional design and task difficulty level on achievement and cognitive load
in multimedia learning environment. This study includes the CLT principles
adapted to multimedia learning. Statistical analyses revealed that the overall
achievement scores of students in the experimental group that the CLT
principle implemented were higher than the students in the control group that
the regular instruction was implemented. Students’ achievement scores in
different task difficulty levels in the experimental group were higher than the
control group. There were no significant differences between overall
achievement scores of students in the experimental group according to the
cognitive load level. However, there were significant differences between
overall achievement scores of students in the control group according to the

cognitive load level (Kilig, 2006).

Kablan and Erden (2008) conducted an experimental study to check the
effectiveness of an instruction prepared by the principles of the CLT adapted to
multimedia learning, integrating text and animation, in computer-based science
instruction. The efficiency of instruction was measured by mental effort and
performance level of the learners. The results of the study indicated that
processing integrated text and animation format in computer-based science
instruction requires less mental effort than the separated format, and that the

performance of the students in the group with integrated presentation format
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group was higher than that of students in the group with separated presentation
format. Instructional efficiency of the integrated presentation group was found
to be higher than that of the separated presentation group. In terms of the time

performance, there was no difference between the two groups.

Sezgin (2009) in his unpublished dissertation conducted an experimental study
to check the effectiveness of a software prepared by the CLT principles in
multi-environment learning on students academic success, learning levels,
retention in learning and cognitive load levels. Results indicated that the
instruction via software prepared by CLT principles in multi-environment had
significant effect on students’ academic success, learning levels, retention in
learning and their cognitive load levels. Further, interviews conducted with the
experimental group students showed that the students had positive opinions
about the instruction.

2.9 Summary

This chapter provides the review of related literature on CLT with underlined

principles and effects.

Several definitions of the CLT stressed the importance of the human cognitive
architecture system for designing efficient instruction. More specifically,
according to the CLT, the success of an instruction heavily depends on the

consideration of WM capabilities and limits.

Research on worked examples (Paas & Van Merrienboer, 1994; Paas, 1992;
Sweller, 1988; Tarmizi & Sweller, 1988; Zhu & Simon, 1987) demonstrated
that studying worked examples and completion examples which provide

students with a solution to a problem is superior to solving the equivalent
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conventional problems. Studying worked examples reduces or eliminates the

cognitive load associated with problem solving search.

On the other hand, the research studies on split attention effect together with
worked example effect showed that worked examples had no advantage over
conventional problem solving when they were constructed in a split-source
presentation format, but had a significant advantage if they were structured

according to an integrated approach.

Research on the modality effect (Mousavi et al., 1995; Tabbers, Martens, &
Merriénboer, 2004) indicated that visual and auditory material, effective WM

may be increased by presenting material in a mixed rather than a unitary mode.

Research on the expertise reversal effect indicated that solving problems was
superior to studying worked examples for more expert learners; studying
worked examples was useful for novices in a domain. With increasing
expertise, worked examples only demonstrated procedures that were already
available to the learner from LTM, and so worked examples were redundant
with further learning being facilitated by practicing solving problems. It can be
concluded that once students have learned enough during practice, they no

longer require guidance and indeed, redundant guidance has negative effects.

Research into adaptive fading methods is still in its early stages and the number
of studies is limited. Available research demonstrated that adaptive fading
procedures can improve learning outcomes with significant impacts on the
acquisition of basic knowledge and skills for novice learners as well as more

strategic knowledge and transfer capabilities for more advanced learners.

Empirical research studies related to the CLT is restricted to only multimedia

learning environment in Turkey. Available research indicated that instruction
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prepared by the principles of the CLT has significant effect on students

learning and cognitive load.

Some of the implications of the literature discussed in this chapter were
considered in the study. These can be summarized as: each lesson alternated
worked examples with similar problems that is called worked example-
problem pair lesson. For satisfaction smooth transition from examples to
exercises, completion examples with backward fading were used; especially in
the topics that were taught to be difficult. Split attention effect was used in this
study to minimize cognitive load imposed by note taking during lectures by
providing learners with Students’ Booklets and using class time activities. The
verbal explanations during the lessons were used instead of writing on the
board and the lesson was conducted over the Students’ Booklets. The
information was presented in as few modes as needed to make it
understandable. Further, researcher avoided to add related but unnecessary
content or content to stimulate emotional interest. The minimalistic teaching
approach was used. At the beginning of each lesson, directive lessons were
provided for the novices by using steps, examples, and practice exercises. As
learners gain expertise in a topic, classroom activities and group works were
conducted in the lessons. In the study, experimental group included a mixture
of novice and experienced learners. For this reason, in the Students’ Booklets,
guidance faded effect was considered by presenting worked examples,

followed by completion example and then full problems.
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CHAPTER 111

METHOD

The purpose of this study was to investigate the effect of an instruction
designed by the CLT principles on 7™ grade students’ achievement in Algebra
topics and cognitive load. This chapter presents the methodology of the study.
The chapter begins with a general description of the overall study design. It
then introduces the research questions, the hypotheses that were tested, and the
variables used. These are followed by the study context, the Teachers’ and
Students’ Booklets, the instruction in experimental group, the sample, the data
collection instruments and procedures, and the data analysis framework.
Finally, the chapter concludes with a discussion of the limitations of the study

and control of internal validity treats.
3.1 Overall Design of the Study

This study uses quasi-experimental research design in order to investigate the
effect of an instruction designed by the CLT principles on 7" grade students’
achievement in Algebra topics and cognitive load. The instruction designed by
the CLT effects was defined as the independent variable; students’
achievement in Algebra topics and cognitive load were defined as the

dependent variables. The instruction designed by CLT effects was used in the
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experimental group, while the instruction recommended by the Ministry of
Education (MONE) was used in the control group of the study.

The study was conducted from the first week of December 2010 to 3" week of
January 2011 (totally six weeks) in a public school in Kagithane, Istanbul (the
name of the school is not mentioned in order to protect the privacy of the
participants). The study was implemented in a total of 19 class hours. Among
the many public primary schools available in Istanbul, this particular school
was chosen deliberately because the researcher could easily access it. Totally
80 students were included in the study. The students were assigned to classes
randomly by the school administration at the beginning of the school semester.
Therefore, random assignment of subjects to the experimental and control
groups was not possible, and as a result, a quasi-experimental research design
was utilized in the study. For the same reason, the classes were heterogeneous
in terms of gender and academic achievement, and homogeneous in terms of

socioeconomic status (SES), all being from low SES.

The equality of two groups defined above was controlled by
comparing students’ previous year mathematics achievement grades (MAG).
The 6™ grade mathematics achievement grades of the subjects were obtained
from the grade report forms of the school records. An independent-samples t-
test was conducted to control the equivalence of groups. The students’ previous
year mathematics grades were similar in both experimental and control groups.
Both groups were taught the same mathematics content; but in experimental

group, an instruction designed by the CLT principles was applied.

The study was carried out in six Algebra Units: (1) Exponents, (2) Operations
on Algebraic Exponents, (3) Equations, (4) Cartesian Coordinate Plane, (5)
Graphs of the First Degree Equations in One Unknown, and (6) Patterns and
Relations. For each unit, the researcher developed ‘’Teacher Guidelines’’ and

““‘Student’s Booklets’’ for using in experimental group. At the end of each unit,
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the Subjective Rating Scale (SRS) developed by Paas and Van
Merrienboer (1993) was used to measure student’s cognitive load for
experimental and control groups. After the completion of the treatment, the
““‘Algebra Achievement Test (AAT)”’ developed by the researcher was
administrated to the experimental and control groups. The piloting of the AAT
had been previously conducted in three public schools in Istanbul. The
Students’ Questionnaire (SQ) was administered to the experimental group for

finding about student’s views and opinions related to the treatment.

Students’ interviews were conducted at the end of the treatment. For this
purpose, an interview schedule including 12 structure questions were prepared
in line with the SQ questions. Participants for interviews were selected
purposefully according to their mathematics achievement. Four students from
each of the high, medium and low achievers (N=12) were selected for the

interviews.

Figure 3.1 shows the overall design of the study with the tools which were used
in the study provided for the groups.
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Figure 3.1. Representation of the overall research design of the study.

Before
Equality of groups controlled by comparing students’ previous year MAG Treatment
Experimental Control Group
Groun
Exponents
The Subjective Rating Scale
Operations on
Algebraic
Exponents The Subjective Rating Scale
Equations
During
The Subjective Rating Scale
Treatment
/
Cartesian
Coordinate Plane | The Subjective Rating Scale
>
Graphs of the First
Degree Equations . .
in One Variable < The Subjective Rating Scale
Patterns and
Relations The Subjective Rating Scale
Algebra Achievement Test A
’_l Student’s Questionnaire > End of treatment
Student’s Interviews J




3.2 Research Questions

The purpose of this study was to investigate the effect of an instruction
designed by the CLT principles on students’ achievement in Algebra topics and

cognitive load.
The study aimed to answer the following questions:

1. Does the instruction designed by CLT have significant effect on 7™ grade
student’s Algebra achievement and cognitive load?

2. Is there a significant difference between the efficiency scores of students
who were exposed to instruction designed by CLT principles compared to
instruction recommended by MONE?

3. What are the perceptions of students who were exposed to instruction

designed by CLT principles about the treatment?
3.3 Hypotheses

The following hypotheses that are stated in null form tested the research

questions given above.

Null Hypothesis 1.1: There is no significant mean difference between group of
students who were exposed to instruction designed by CLT principles and to
instruction recommended by MONE.

Null Hypothesis 2.1: There is no significant difference between the efficiency

scores of students who were exposed to instruction designed by CLT principles
and to instruction recommended by MONE.
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3.4 Variables

Three variables were used in the study. One of them was independent and two

of them were dependent variables. Descriptions of variables were given below:

Independent variable: Treatment (Instructional method with two levels):
Instruction designed by CLT principles in experimental group and instruction
recommended by MONE in control group.

Dependent Variables: Algebra Achievement and Cognitive Load of students.
3.5 Context

The school was built in 1999 with the help of a non-governmental organization
(NGO) which no longer allocates any funds to the school. The school is located
in a poor socioeconomic neighborhood and its physical conditions are quite

poor.

Two mathematics teachers participated in the implementation of the study.
Both teachers were female, graduated from four-year elementary school
mathematics education programs. The teacher of the experimental group has 5
years of experience in teaching and the teacher of the control group has 4 years
of experience in teaching. They are both attentive, eager to learn new teaching
methods and very helpful. They personally defined their instructional approach
or technique as teacher-centered because of the conditions of the school that

they work.

7™ grade mathematics curriculum recommended by MONE is implemented in
the school. It covers five learning areas: (1) Numbers, (2) Algebra, (3)
Geometry, (4) Probability and Statistics, and (5) Measurement (MONE, 2005).

7™ grade mathematics course is offered for four hours per week. Identified
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teacher’s and student’s textbooks recommended by MONE are followed in the
courses. This study was implemented in Algebra learning area. The Algebra

topics and its objectives are provided in Table 3.1.

Table 3.1

The Topics and Objectives of 7" Grade Algebra Learning Area

Algebra Topics Obijectives: Learners are expected to

Exponents Use exponential notation for n™
exponents.

Operations on Algebraic Expressions Add and subtract Algebraic expressions.
Multiply two Algebraic expressions.

First Degree Equations in One Variable Solve the first degree equation in one
variable.

Solve problems that can be expressed as
a first-degree equation.

Cartesian Coordinate Plane Explain the Cartesian Coordinate Plane.
Use Cartesian Coordinate Plane.

Graph of the First Degree Linear Equations  Explain linear equations.

Patterns and Relations Represent number patterns with
symbols and describe a rule for it.

3.6 Students’ Booklets and Teachers’ Guidelines

Students’ Booklets (Appendix A) were developed as classroom materials
which covered all Algebraic units of the 7™ grade Mathematics curriculum. For
developing each unit, the objectives of the 7 grade mathematics curriculum
and CLT effects were considered. The literature on CLT was reviewed at the
beginning of the development of the student’s booklets (Chandler & Sweller,
1991; Clark et al., 2005; Kalyuga, Chandler, & Sweller, 2000, 2001; Kalyuga,
Chandler, Tuovinen et al., 2001; Kirschner, 2002; Paas, 1992; Paas, et al.,
2004; Paas et al., 2003; Paas & Van Merrienboer, 1993; Paas & Van
Merrienboer, 1994; Paas & Van Merriénboer, 1994; Sweller et al., 1998;
Sweller, 1988, 1994; Sweller & Chandler, 1991; Sweller & Cooper, 1985; Van
Gog, et al., 2004; Van Merrienboer & Ayres, 2005; Van Merriénboer &
Kirschner, 2001; Van Merrienboer, Kirschner, & Kester, 2003; Van
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Merriénboer, Schuurman, De Croock, & Paas, 2002; Van Merriénboer &
Sweller, 2005). The CLT effects used in the Student’s Booklets are as follows:
(@) worked example effect, (b) completion example effect, (c) split-half effect,
(d) modality effect, (e) redundancy effect, and (f) guidance fading effect. Six
Students’ Booklets were developed together with Teachers’ Guidelines.

Student’s Booklets were developed by the researcher. Four mathematics
teachers, one of whom has Ph.D degree in primary school mathematics
education, two of whom are 25 years experienced teachers in a private school,
and one of whom is a 3 years experienced teacher in a public school checked
the booklets in terms of their content, appropriateness of the language used, the
grade level of students, and the CLT effects. They filled out the Expert Opinion
Form (Appendix C) which contained one explanation page that contains
evaluation criteria and 3-point likert scale named as ‘‘not appropriate’’,
‘‘appropriate but some minor changes necessary’’, and ‘‘appropriate’’ for each
booklet. This expert opinion form also included a statement about the CLT
principles and its effect. Some modifications such as wording and ordering
exercises according to CLT were made according to their criticisms and
suggestions. After establishing the final form of the Students’ Booklets, an
expert in department of Secondary School Science and Mathematics Education,
controlled them and made some suggestions about the general view of the
booklets, their content and writing form for some of the exercises. In the Table

3.2, student’s booklet name, duration, and used CLT effects are presented.
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Table 3.2

Students’ Booklets, Duration, and CLT Effects

Name of the Booklet Duration CLT Effects

Exponents 3x40 min Worked examples, split
attention, redundancy,
modality

Operations on Algebraic 6x40 min Worked examples,

Expressions completion examples, split

attention, redundancy,
modality, guidance fading

First Degree Equations in 4x40 min Worked examples,

One Variable completion examples, split
attention, guidance fading,
redundancy, modality

Cartesian Coordinate Plane  2x40 min Split attention,
redundancy, and modality

Graph of the First Degree 3x40 min Worked examples, split

Linear Equations attention, redundancy,
modality

Patterns and Relations 1x40 min Worked examples, split
attention, redundancy,
modality

““Teacher’s Guidelines’’” (Appendix B) were developed for teachers in order to
help them manage the instruction. Teacher’s Guidelines were prepared by the
researcher and covered the titles ‘‘explanations, duration of lesson,
prerequisites of the lesson, objectives of lesson, classroom materials, and
implementation of the lessons’’. In the ‘‘explanation’” part, which effects of
the CLT were used and how they were implemented were clarified for the
teachers. In the ‘‘implementation of the lesson part’’, the implementation of the
unit was explained from beginning to end by considering CLT effects and

principles.
3.7 Instruction in Experimental Group

All the activities in the experimental group were prepared by using the CLT
principles and effects. According to the CLT, the first step of in instruction is
the determination of the students’ prior knowledge. The classroom was

heterogeneous in terms of achievement, increasing the importance of the prior
66



knowledge of students. This issue was related with the expertise reversal effect
of the CLT. At the beginning of each lesson, the teacher asked some questions
or made revisions about the topic in order to refresh the students’ memory and

activate their prior knowledge.

After the repetition of some prerequisite learning, for each Algebra topic, the
teacher distributed Students’ Booklets and carried out the lesson by following
the content of the booklets. The worked examples included in booklets were
the starting point of each lesson. The teacher explained each topic on the
worked examples verbally (modality effect) and then assigned a similar practice
exercise to the students for satisfying schema construction. The teacher gave
the students enough time to complete practice exercises and always observed
the classroom in order to help the students. For some Algebra topics such as
Equations, the worked examples were not directly followed by the practice
exercise; instead, completion examples were used. By using the completion
examples, smooth transition from the worked examples to practice exercises
were satisfied. Similarly, in the beginning of each lesson, the teacher explained
worked examples verbally; then the teacher gave students time to complete the
missing steps of the completion examples; and finally, practice exercises were
assigned. The use of worked examples, completion examples, and practice
exercises was related to backward fading effect of the CLT, which allowed
accommodating a gradual learning process. By considering this effect, the WM

overload was diminished.

In all Algebra topics, for satisfying the split-attention effect of the CLT, the
teacher did not write anything on the board. Further, Students’ Booklets were
considered as content summaries and prevented note-taking for satisfying split
attention effect of the CLT. Redundancy in training refers to proving more
expressions of content than needed for understanding. At the beginning of each

Algebra topic, any picture, extra explanation or classroom activity were not
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considered to satisfy the redundancy effect of the CLT. For this effect,
information was presented to students through one mode; in other words, the
teacher explained the content either virtually or in audio format. According to
the CLT, after the students gain experience related with a topic, worked
examples and completion examples become detrimental rather than beneficial
for learning. For this reason, after the students gained some experience related
with Algebra topics, full exercises or classroom activities/group works were
assigned for the students. The same procedure was followed for all topics

covered.

For example, for the Exponents, the teacher started the lesson by asking the
students about basic definitions such as exponent and value of an exponent,
then distributed to the Students’ Booklet and repeated the definitions of these
terms verbally from the booklet. When the examples were considered, she
explained each example verbally and did not write worked example or its
solution on the board. After the completion of each worked example, similar
practice exercises were assigned to students. At the end of the Exponents topic,
full exercises were assigned to students by considering as they gained some

experience related with the topic.
3.8 Subjects of the Study

The subjects of the study were 80 7™ grade students in Kagithane, Istanbul. 40
of the students were in classroom called 7A and the other 40 were in 7B.
Groups were assigned as experimental and control randomly. The equivalency
of the groups was controlled by using independent sample t-test by comparing
the previous year (6" grade) mathematics achievement grades. General

distribution of the subjects of the study was shown in Table 3.2.
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Table 3.3

Subjects of the Study

Gender Group Experimental Group Control Group Total
Male 19 20 39
Female 21 20 41

Students for structured interviews were selected purposefully by looking at
their mathematics achievement. From the highest achievers (four students),
medium achievers (four students) and the low achievers (four students), totally

12 students were selected for the interviews.
3.9 Data Collection Instruments

The following instruments were used to find answers to the research questions

and to test the hypotheses:

e Algebra Achievement Test (AAT): Posttest, used in both experimental
and control groups after the implementation process.

e Subjective Rating Scale (SRS): Used in both experimental and control
groups after the completion of each Algebra topic.

e Student Questionnaire (SQ): Used in experimental group after the
implementation.

e Interview Schedule (IS): Used in experimental group after the

implementation.
3.9.1 Algebra Achievement Test (AAT)

Algebra Achievement Test (AAT) (Appendix D) was developed by the
researcher for determining the 7™ grade students Algebra achievement and
consist of 20 open ended questions related to the Algebra topics. All questions

in the test were developed by considering the objectives and content of the 7™
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grade Mathematics Curriculum related to the Algebra topics. To specify
questions in the text, the researcher consulted many 7™ grade textbook
materials and teacher’s handbook (Isikli, 2010; Mirasyedioglu & Akpinar,
2004; MONE, 2005). The possible scores of the test range from 0 to 80. A
rubric (Appendix E) was created for scoring the test by the researcher. For each
question, a five-score level (0-4) was assigned. The highest score of 4 was
awarded for responses that the researchers regard as being entirely correct and
satisfactory answer, while the lowest score of 0 was reserved for no answer or

completely wrong answer.

Four mathematics teachers, one of whom has Ph.D. degree in primary school
mathematics education, two of whom are 25 years experienced teachers in a
private school, and one of whom is a 3-years experienced teacher in a public
school, checked the test and rubric for content validity evidence by comparing
the items with the objectives. ‘“Expert Opinion Form (EOF)’’ (Appendix F)
was developed for determining the test according to the units, objectives, and
class level, and its clarity and general outlook. It included one explanation page
that contains evaluation criteria and 3-point likert scale named as ‘‘not
appropriate’’, ‘‘appropriate but some minor changes necessary’’, and
‘“appropriate’” for each question. Also, there was an explanation part for each
question for the teacher’s recommendations. Moreover, the EOF was sent to
the two mathematics education faculty staff to check the appropriateness,
relevance, and consistency of the questions with the nature of CLT. Some
revisions were made on the wording of the questions, taking into account of the
experts, in order to make them clearer and more suitable for the learning

outcome being measured.

The AAT was piloted with 229, 8" grade students from three public schools in
the first semester of 2009-2010 academic year. The purpose of the piloting was

to check the clarity of the questions, to make sure the adequacy of the test
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duration, and to check reliability (internal consistency of the test). After the
implementation, the researcher graded the test by taking the rubric into
consideration. Upon the completion of grading by the researcher, another
mathematics teacher scored randomly selected 80 tests. The inter rater
reliability analyses were conducted by using Statistical Package for Social
Sciences (SPSS) 15.0 for Windows. Inter-rater reliability coefficient by means
of intra-class correlation (ICC) was computed in order to establish the extent of
consensus on the use of the scoring rubric for the test. The ICC value of the test
was 0.90, which indicated high reliability and internal consistency of scoring
rubric as used by two raters.

The test covers the questions (1) finding value of an expression, (2) simplifying
expressions, (3) writing the algebraic expression of a pattern, (4) solving
equations, (5) solving problems by using equations, (6) constructing problems,
(7) determining a point on Cartesian Coordinate plane, and (8) sketching

graphs.

3.9.2 The Subjective Rating Scale of Cognitive Load

The one item Subjective Rating Scale (SRS) (Appendix G) developed by Paas
and Van Merrienboer (1993) was used to measure students’ cognitive load for
both experimental and control groups of students. It was implemented at the
end of each Algebra unit. The SRS was a 9-point symmetrical rating scale,
ranging from 1 (very, very low mental effort) to 9 (very, very high mental
effort). The reliability coefficient of the scale was found .82 by Paas and Van
Merrienboer (1993). The Turkish adaptation of the scale (Appendix H) was
developed by Kili¢ and Karadeniz (2004). For the translation of the test to
Turkish and its clarity, Kili¢ and Karadeniz took expert opinion and prepared a
form for piloting (Sezgin, 2009). For the internal consistency of the test
(reliability), they conducted a study and found .90 Cronbach Alpha reliability
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coefficient which was indicated as high reliability. Sezgin (2009) also
conducted a study to find the internal consistency of the SRS and found .78
Cronbach Alpha reliability coefficient which was indicated as moderate

reliability.

CLT is about efficiency (Clark et al., 2005). Particularly, the combination of
performance and cognitive load measures has been identified to constitute a
reliable estimate of the cognitive efficiency of instructional methods (Paas et
al., 2003). Higher learning outcomes with less cognitive effort are more
efficient than environments that lead to lower outcomes with greater mental
effort (Clark et al., 2005).

To quantify the efficiency, instructional scientists Paas and van Merriénboer’s
(1993) use efficiency metric. Their approach provides a tool to relate cognitive
effort to performance measures. In this approach, high-task performance
associated with low effort is called high-instructional efficiency, whereas low-
task performance with high effort is called low-instructional efficiency. This
metric is calculated by subtracting cognitive load from the performance
outcomes. It can be expressed mathematically as E=P-CL. According to
formula, when performance is greater than cognitive load, the efficiency value
is positive; on the other hand, when performance is lower than cognitive load,
the efficiency value is negative (Clark et al., 2005).

Performance is measured by a test taken at the end of the lesson. Cognitive
load is most commonly measured by learner estimates of lesson difficulty. The
difficulty (cognitive load) of lesson is assessed by usinga 1 to 7 or 1 to 9
scales. In this study, performance was measured by a test taken at the end of
the implementation (AAT) and cognitive load was measured by learner

estimates of lesson difficulty (SRS).
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To visually represent the efficiency metric, the student scores for cognitive
effort and performance are standardized, yielding a z score for cognitive load
and a z score for performance. Then, an instructional condition efficiency score
(E) is computed for each student as the perpendicular distance between a dot
and the diagonal, E = 0, where mental effort and performance are in balance

Zperformance — Zmental effort

using the formula VZ

The graphics are used to display the information on a Cartesian AXxis,
performance (vertical) and cognitive load (horizontal), helping to visualize the
combined effects of the two measures. In Figure 3.2, the efficiency value
represented by point A is high on performance line and low on the mental
effort line. The upper left quadrant of the graph is considered the high
efficiency area of the graph. In contrast, the point B represents an efficiency
value that is low on the performance scale and high on the mental effort scale.
The lower right quadrant of the graph is called the low efficiency area of the
graph. When the efficiency is zero, mental effort and performance is equal, the
line is labeled E=0.

To quantify the efficiency of the instruction in this study, the AAT and SRS

scores of each subject in experimental and control group were converted to z-

score and efficiency graph was sketched to represent the efficiency visually.
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3.9.3 Students’ Questionnaire

For determining student’s views and opinions in the experimental group about
the treatment, a Students’ Questionnaire (SQ) (Appendix 1) was developed by
the researcher. The SQ included 19-items that were scored using a 5-point
Likert type scale, named as strongly agree, agree, not certain, disagree, and
strongly disagree. It also included five open-ended questions. Items of the SQ
included questions about the form of the teaching, materials, classroom
activities, and group works. Moreover, it included some items on the effects of
the CLT such as worked example effect, completion example effect, and
modality effect. The Cronbach’ Alpha reliability coefficient of the SQ was .91.
Descriptive statistics methods were used to analyze the data obtained from the

SQ.
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3.9.4 Students’ Interview Schedules

The purpose of the interviewing process was to gain some insight into views
and opinions of the students about the process of the lessons, classroom
materials, classroom activities, and group works. For this purpose, 12
structured interview questions (Appendix J) were prepared parallel to the SQ

questions.

All the interviewees were asked the same questions in the same order.
Questions were worded completely in an open-ended format. The researcher
believed that this type of questions help to increase the comprehensiveness of
the data and make the data collection process more systematic. In case, the

interviews were remained fairly conversational and situational.

All the data were written on a computer and coded. Codes were generated after
reading the data line by line (inductive coding). The codes were determined
from the data, the literature on CLT, and the researcher herself. All types of
codes were considered: situation, acts, activities, process, and strategies.

3.10 Data Collection Procedures

The purpose of this study was to investigate the effect of an instruction
designed by the CLT principles on students’ achievement in Algebra topics and
cognitive load. For this purpose, as explained earlier, a quasi-experimental
research design was utilized. From the beginning to the end of the process, an

instruction designed by CLT principles was used in the experimental group.

The researcher prepared Students’ Booklets and Teachers’ Guidelines which
covered of all Algebraic units of the 7" grade Mathematics curriculum. After

the preparation of the booklets and guidelines, expert opinion was taken to
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ensure the convenience of the test according to the units, objectives, and class

level, and its clarity and general outlook.

At the very beginning of the data collection process, the researcher informed
the teacher of the experimental group about the CLT, its principles and effects.
It took nearly 5-6 hours. Some extra handouts and internet sources were

provided for the teacher to satisfy a deep understanding of CLT.

Before the implementation of the study, the equivalency of the groups was
controlled by using the previous grade/year mathematics achievement scores of
subjects (MAG). The 6™ grade mathematics achievement scores of the subjects
were obtained from the grade report forms of the school records. An
independent-samples t-test was conducted to control the equivalence of the
groups. The t-test indicated that the students’ previous year mathematics grades

were similar in experimental and control groups.

The treatment lasted 6 weeks. On the 7™ and 8" week, the AAT and the SQ

were administered and interviews were conducted.

During the intervention period, two groups were taught the same Algebra units
included in 7™ grade mathematics curriculum. In the experimental group, all
the Algebra units were taught by the principles and effects of the CLT. On the
other hand, in the control group, the subjects received the 7th grade
mathematics content through regular mathematics instruction as suggested by
the MONE. Subjects in the experimental group used the Student’s Booklets
prepared by the researcher as classroom materials. In addition to Students’
Booklets, Algebra Tiles were used as classroom materials in some units of

Algebra.
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The one item SRS was administrated to students at the end of each Algebra
topic. The time allocated for conducting the SRS was approximately 3 to 5

minutes each time. For each student, six SRS scores were obtained.

Teachers and experts in Mathematics education field checked the test and
rubric for content validity evidence. To check the clarity of the questions, to
make sure the adequacy of the test duration, and to check internal consistency
of the test, the pilot study of AAT was conducted on 229 8™ grade students in
three public schools in Istanbul, 2010-2011 fall semester. The inter rater
reliability analyses were conducted by using Statistical Package for Social
Sciences (SPSS) 15.0 for Windows.

Final form of AAT was administered to both the experimental and control
groups to assess the effects of the instruction on Algebra achievement. The

time allocated for the administration of the AAT was one lesson hour.

For determining the student’s views and opinions in the experimental group
about the treatment, a SQ was developed by the researcher. The SQ included
19 items that were scored using a 5-point Likert-type scale. The time allocated

for the administration of the AAT was 15 to 20 minutes.

An interview schedule (1S) included 12 structured questions that were prepared
in line with the SQ questions by the researcher. Interviews were conducted
totally with 12 students selected purposefully according to their mathematics
achievement. AAT scores and suggestion of experimental group teacher were
taken into consideration for selection of students for interviews. Each interview
was conducted individually in an empty classroom during the break times of
students and audio-taped. The interviewees were informed that they were not
graded for their answers and their names and other personal information would

be kept confidential. The interview tone was friendly and non-threatening, and

77



efforts were made to provide honest responses comfortably. Although

interviews were primarily structured, some flexibility was provided by reacting

spontaneously to student’s explanations to make them clearer. Duration of the

interviews varied from 10 to 20 minutes. Data collection procedures are

tabulated in the Table 3.4.

Table 3.4
Data Collection Procedures
Groups
Duti D .
uties ates Experimental Control
Control of Equivalency 30 November 2010 - 5 6" grade 6" grade

of Groups

December 2010

mathematics
achievement

mathematics
achievement

grades grades
Unit 1: Exponents 6 December 2010 - 12
December 2010 SRS SRS

Unit 2: Operations on 13 December 2010 — 26 SRS SRS
Algebraic Expressions December 2010
Unit 3: First Degree 13 December 2010 — 26
Equations in One December 2010 SRS SRS
Variable
Unit 4: Cartesian 27 December 2010 - 2
Coordinate Plane January 2011 SRS SRS
Unit 5: Graph of the 3 January 2011 — 6
Linear Equations January 2011 SRS SRS
Unit 6: Patterns and 7 January 2011 — 13
Relations January 2011 SRS SRS
Comparison of the groups 14 January 2011 — 25 AAT
in terms of achievement,  January 2011 '

. . SQ, AAT
Student Questionnaire, S|

Student Interviews

78



3.11 Data Analysis

Multiple data analysis techniques were used for the data collected from various
sources based on the research questions. Data collected from AAT, SRS, and
SQ were analyzed by using descriptive and inferential statistical analysis
techniques. For the analysis of the data, the SPSS 15.0 (Statistical Package for
Social Sciences) was used. At the beginning of the study, an independent
sample t-test at the level of significance 0.05 was conducted to control the
equivalency of the groups. Then, the reliability analysis was conducted to test
the reliability of the AAT.

MANOVA was used as the preferred inferential statistic technique to answer
the research questions. MANOVA was chosen over other statistical methods
because it adequate to the design of the study (one independent, two dependent
variables). The data from the SQ were analyzed by using descriptive statistic

techniques such as mean and percentages.

To quantify the efficiency of the instruction, the AAT and SRS scores of each
subject in experimental and control group were converted to z-score and
efficiency graph was sketched to represent the efficiency visually. In efficiency
graph, the x-axis represents the range of cognitive load ratings (SRS scores) in
z-scores and the y-axis represents the performance outcomes (AAT scores) in
z-scores. The origin represents the average of all test scores and SRS ratings,
which when converted to z-scores equal to 0. Therefore, a performance z-score
greater than O falls above the axes, and a cognitive load score greater than 0
falls the right of the axes. To check the hypothesis that experimental group’s
efficiency scores of students was significantly different from the control
group’s efficiency scores of students; an Independent Samples t-test was

conducted.

79



The data obtained from the open ended questions of SQ and interviews, were
collected together into meaningful patterns by using both the literature and the
structure of the questions. Different codes were collected together into themes
and categories. In order to strengthen the reliability of the qualitative analysis
results, the data were coded by a different researcher. Probable themes related
to the questions of the questionnaire and the interviews were given in
Appendix K. Categories of the qualitative analysis were described in the results

part of the study.
3.12 Limitations of the Study

1. This study is limited the data obtained from 80 7" grade students attending
a public primary school in Istanbul, in the fall semester of the 2010-2011
academic year. The findings from this study were limited to the student
profile and the environment of selected public school. Since the sample size
was limited to 80 students, it might not reflect the general population so the

results of the study cannot be generalized to other contexts.
2. The study is limited only to Algebra units.

3. The random selection and assignment of students was not used because of

the administrative problems. Two classes of the school were used.

4. A pilot study of the classroom materials was not conducted in the previous
year. Although no problems were encountered during the implementation
of the study, it would be more desirable to conduct a pilot study in order to
check the duration of the courses, or to detect any potential problems

before the implementation of the study.
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5. The CLT is a newly developed instructional method. The experimental
group teacher was trained about the CLT and she constantly communicated
with the researcher if she faced any problems or needed clarifications. Yet

it would be a problem if the teacher did not understand the theory deeply.

6. SRS is a one item test. At the end of the each Algebra topic, it was
distributed to students to collect data about their cognitive load. Sometimes
students needed more clarification about the instrument. Because it is 9-

point scale and some points overlapped.

7. All interviews were conducted by the researcher. Students might feel

uncomfortable to answer interview questions.

3.13 Internal Validity

Possible threats to internal validity of the results and conclusions and how they

would be controlled were explained in this section.

The possible threats for the design of this study would be subject
characteristics, history, location, mortality, data collector characteristics, data

collector bias, expectancy effects, and implementation.

The selection of people for a study may result in the individuals differing from
one another in unintended ways that are related to the variables to be studied.
This is referred as subject characteristics threat (Fraenkel & Wallen, 2002).
Student’s mathematics achievement was identified as a subject characteristics
treat. Previous year mathematics scores of students was compared by
independent sample t-test and it was found that there was no statistically
significant mean difference of the experimental and control group’s subject

characteristics.
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History and location threats were controlled completely because all of the data
collection tools were administered to groups at the same time. Also, both the
experimental and the control groups had the treatment and tests at the same
school. Because of no missing participants after the treatment, mortality threat
was controlled successfully in this research.

Data collector characteristics and data collector bias were controlled in this
study by observing data collection conditions and procedures by the researcher

for both of the experimental and the control groups.

To control the expectancy effect, upon the completion of grading by the
researcher, one mathematics teacher scored the AAT of the experimental and
control groups. The inter rater reliability analyses were conducted and high
reliability was found between the scoring of researcher and other rater.

The implementation treat can occur when different individuals are assigned to
implement different methods and these individuals differ in ways related to the
outcome (Fraenkel & Wallen, 2002). In this research study, two different
teachers were assigned to experimental and control  groups.
Thorough training of teachers reduced the implementation
problems. Researcher maintained contact during the study and was aware of

what was occurring at all times, this also reduced the implementation threats.
Confidentiality was provided in this research study because the names or the

characteristics of the students were not written in any form. The numbers or

letters were used instead of their names for the statistical analyses.
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CHAPTER IV

RESULTS

The purpose of this study was to investigate the effect of an instruction
designed by the CLT principles on 7" grade students’ achievement in Algebra
topics and cognitive load. This chapter covers the findings related to the
problems of study; the results obtained by the implementation of the Algebra
Achievement Test, Subjective Rating Scale, Student Questionnaire and
Interview Schedule. The chapter is divided into two sections. The first section
presents quantitative results; the second section includes the qualitative results.
Summary of the findings are given at the end of the chapter.

4.1 Quantitative Results

4.1.1 The Results Concerning the Equality of Groups before the

Treatment
The equality of the experimental and control groups before the process was

controlled in terms of previous year mathematics achievement grades (MAG).

The result of the Independent Samples t-test is presented in Table 4.1.
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Table 4.1

Results of the Independent Samples t-test for Determining Equivalency of
Groups (n=80)

Group M SD t df
Control 2.98 1,368

Experimental 2.55 1,154 1,502 78
*p<.05

The results of the Levene’s test evaluate one of the assumptions of the t-test,
which is whether the population variances for the two groups are equal or not.
Referring to the Levene’s test of equality of variances, it can be concluded that
the homogeneity of variances were not violated (p=.261>.05) in the current
study. The t-test results presented in Table 4.1 showed that there was no
significant mean difference on student’s previous year mathematics scores
between the control (M =2.98, SD = 1.37) and the experimental group (M=
2.55, SD = 1.15), t(78)=1.50, p=.137. This finding indicated that the students’
previous year mathematics grades were similar in both experimental and

control groups.

4.1.2 The Descriptive Results of the Algebra Achievement Test (AAT)
and Cognitive Load Scores (SRS)

The descriptive statistics related to the student’s AAT and SRS for each of the

experimental and control groups are given in Table 4.2.

Table 4.2
Mean and Standard Deviation of AAT and SRS Scores
Groups AAT* SRS**

M SD M SD
Experimental 41.18 12.86 3.58 1.55
Control 14.88 8.28 5.05 1.39

* Total score of the AAT is 80.
**9-point scale.
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Descriptive statistics revealed that in terms of the AAT scores, the students in
the experimental group (M=41.18, SD=12.86) had higher scores than the
students in the control group (M=14.88, SD=8.28). In terms of the SRS scores,
the experimental group students (M=3.58, SD=1.55) had lower scores than the
control group students (M=5.05, SD=1.39).

The student’s average cognitive load scores, gathered from the SRS
and cognitive load conditions for experimental and control groups, are given in
Appendix L. The cognitive load conditions defined according to students’
average cognitive load scores. The mean scores of cognitive load was
calculated by taking the mean of collected cognitive load data by using SRS at
the end of the each six Algebra topics. Cognitive load score ranging between 1-
4 denotes low cognitive load and those ranging between 5-9 denotes high
cognitive load conditions (Paas & Van Merrienboer, 1993).

According to the cognitive load ranges (Appendix L), there were 7 students in
high cognitive load condition in the experimental group, while there were 23
students in high cognitive load condition in the control group. In contrast, there
were 33 students in low cognitive load condition in the experimental group,
while 17 students were in low cognitive load condition in the control group.
Hence, the number of students with a high cognitive load was greater in control
group than in the experimental group.

4.1.3 Multivariate Analysis of the Variance (MANOVA): Investigation
of the Effects of an Instruction Designed by CLT principles on Students’
Algebra Achievement and Cognitive Load

Multivariate Analysis of the Variance (MANOVA) is a statistical technique
used for assessing group differences across multiple metric dependent variables

simultaneously, based on a set of categorical variables acting as independent
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variable (Green, Salkind, & Jones, 1996). The MANOVA technique was used
in this study to examine the effects of an instruction designed by CLT

principles on students’ Algebra achievement and cognitive load.

The research question of the study is ‘‘does the instruction designed by CLT
have significant effect on 7" grade student’s Algebra achievement and

cognitive load?”’

Prior to conducting MANOVA, the assumptions underlying this technique,
namely the independence of observations, multivariate normality, homogeneity
of variance-covariance, interval/ratio scale on dependent variables, and outliers
(Tabachnick & Fidell, 2001) were checked in order to explore the
appropriateness of the data for running MANOVA.

The independence of observations assumption was met since different groups
did not affect each other when answering the items in the tests used for this

study.

Multivariate normality requires that the sampling distributions of the means of
the dependent variables in each cell and all combinations of them are normally
distributed (Tabachnick & Fidell, 2001). In order to check univariate normality
assumption, skewness-kurtosis values, Q-Q plots and Kolmogorov-Smirnov
and Shapiro-Wilk’s tests were examined (Field, 2009). Skewness-Kurtosis
values were not quite away from 0 for each group implied the normal
distribution. The points on Q-Q plots for the cases fall along the diagonal
running from lower left to upper right, with some minor deviations due to
random processes implies the normality of the distribution (Tabachnick &
Fidell, 2001). The Q-Q plots of the variables indicated the normal distribution.
Further, the results of the Kolmogorov-Smirnov and Shapiro-Wilk’s tests also

indicated the normal distribution. Mardia’s test was used to examine
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multivariate normality. The test revealed a non-significant result indicating

normal multivariate distribution (Appendix M).

The outliers are observations with a unique combination of characteristics
identifiable as distinctly different from the other observations (Hair Jr,
Anderson, Tatham, & Black, 1995). Because MANOVA is a multivariate
analysis, multivariate outliers are of special importance (Stevens, 1996). In
order to examine the data for multivariate outliers, Mahalanobis Distance (D?)
was used. D? is a measure of distance in multidimensional space of each
observation from the mean center of multidimensional centrality (Hair Jr, et al.,
1995). The analysis revealed that the data has no cases with D?values greater
than the critical values of 13.60 (2.77) for the alpha set as .05 (Appendix M).

Therefore, there were no multivariate outliers.

The assumptions of homogeneity of variance and covariance is that the
variance and covariance matrices within each cell of the design are sampled
from the same population variance-covariance matrix and can be reasonably

pooled to create a single estimate of error (Tabachnick & Fidell, 2001).

The equality of variance assumption was satisfied by the result of the Levene’s
test of equality of error variances (Field, 2009). Levene’s test was found to be
non-significant for both Algebra achievement and cognitive load scores (Table
4.3).

Table 4.3
Levene's Test of Equality of Error Variances

F dfl df2
AchScores 2 663 1 78
LoadScores 1.530 1 78

*p<.05
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The homogeneity of covariance matrices was checked by using Box M test
(Field, 2009). Results of the Box M Test showed that homogeneity of
covariance assumption was violated for the analysis, F(3,1095120)=2.70, p<.05
(Table 4.4). Considering the result of Box M and the equality of the sample
cells the robustness cannot be guaranteed (Tabachnick & Fidell, 2001). Hence,
Pillai’s Trace test was used instead of Wilks’ Lambda to evaluate multivariate

significance.

The dependent variables (AAT and SRS scores) were measured on a
continuous scale, so the interval/ratio scale on dependent variables assumption

was met.

The results of the MANOVA test, Pillai’s Trace, was significant, F(2,77)=
72.687, p<.05, indicating that the population means on the Algebra
achievement and cognitive load scores were different for the two groups. The
multivariate eta squared .65 indicated that 65 percent of multivariate variance

of the AAT and SRS scores were associated with the group factor.

Since a significant result was obtained on the multivariate test (Table 4.5), it
was required to check univariate analysis ANOVA in order to understand the
effect of instruction on AAT and SRS scores. The results of the univariate
ANOVAs are shown in Table 4.4. The univariate ANOVAs for AAT and SRS
scores were both significant, F(1,78)=118.26, p<.05 and F(1,78)=19.86, p<.05,
respectively. In terms of the variance explained, groups explained 60 percent of
the variance in AAT scores whereas the groups explained 20 percent of the

variance in SRS.
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Table 4.4

Multivariate and Univariate Analysis of Variance

MANOVA ANOVA
Variable F(2,77) DV1 DV2
F(1,78) F(1,78)
Group 72.687* 118.262* 19.863*

Note. F ratios are Pillai’s Trace approximation, DV1= Achievement Scores, DV2=
Cognitive Load Scores, *p<.05

4.1.4 The Results of the Efficiency of Instruction

The second research question of the study is “‘is there a significant difference
between the efficiency scores of students who were exposed to instruction

designed by CLT principles and to instruction recommended by MONE?”’.

In order to quantify the effects of instruction designed by CLT principles and
by MONE on students’, the following efficiency formula was used (Clark, et
al., 2005; F Paas, et al., 2003).

_ Average Zperformance — J'JﬂFEI"ElgE Imental effort

V2

Algebra achievement and cognitive load, the AAT and SRS scores of each
subject in experimental and control group were standardized by converting z-
scores (Clark et al., 2005; Paas et al., 2003).

The data given in Table 4.5 shows the mean of AAT z-scores, SRS z-scores,

and the efficiency values for both experimental and control groups calculated
by the above formula (Kablan & Erden, 2008; Paas et al., 2003; Sezgin, 2009).
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Table 4.5

The Mean of AAT z-scores and SRS z-scores

Groups SRS z-score AAT z-score Efficiency Value
(x-axis) (y-axis)
Experimental -0.45 0.77 0.86
Control Group 0.45 -0.77 -0.86

Figure 4.1 shows SRS z-score, AAT z-score and efficiency values plotted on

the efficiency graph for experimental and control groups.

Performance
High Efficiency A
Efficiency Value for ‘ =0
Experimental Group
ot f——— (1]

—— L0ad

1
1
1
1
1
I
I
I

Efficiency Value for
Control Group

Low Efficiency

Figure 4.1. Efficiency values of experimental and control groups on efficiency
metric.

To check the hypothesis that experimental group’s efficiency scores of students
was significantly different from the control group’s efficiency scores of
students; an Independent Samples t-test was conducted. The efficiency value of

each student was calculated by using the above formula and putting SRS z-
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score and AAT z-score of each individual student on the efficiency formula.
The result of the Independent Samples t-test is presented in Table 4.6.

The results of the Levene’s test evaluate one of the assumptions of the t-test,
which is whether the population variances for the two groups are equal or not.
Based on the Levene’s test of equality of variances, it can be assumed that the

homogeneity of variances were not violated (p=.081>.05) in the study.

Table 4.6

Results of the Independent Samples t-test for Efficiency Values of Groups
(n=80)

M SD

Group t df
Control -0.86 0.64
Experimental 0.86 0.84 10.339 78

*p<.05

Table 4.6 shows that the t-test results indicated that significant mean difference on
efficiency values between the control (M=-0.86, SD = 0.64) and the experimental
group (M=0.86, SD = 0.84), t(78)=10.339, p<0.05. This finding implies that there
was significant difference between the efficiency values of the students in the

experimental and the control group.

4.1.5 The Descriptive Results of the Students’ Questionnaire (SQ)

The third research question was ‘‘what are the perceptions of the students who

were exposed to instruction designed by CLT principles?’’.

A questionnaire (SQ) with both open and close ended guestions was applied to
the experimental group participants to identify participant’s perceptions after
the treatment process. The likert scaled SQ questions deal with the form of the

teaching, materials, classroom activities, and group works. Moreover, the
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questionnaire also included some items on the effects of the CLT such as

modality, worked example, and completion example effects.

Table 4.9 shows the frequencies and percentages of the students' responses for
each item. The categories on a discrete scale of 1-5 represents (1) strongly
disagree, (2) disagree, (3) neither disagree nor agree, (4) agree, and (5) strongly

agree.

Table 4.7

The Frequencies (f) and Percentages (%) of the Students’ Responses for Each
Item

Item Categories f %
1 2 5.0
Q1. The teaching method helped me to g g ;(2)8
learn the subject well. 4 10 250
5 15 37.5
1 2 5.0
Q2. 1 did not have difficulty to learn the 2 3 7:50
topics with the teaching method 3 8 200
' 4 13 325
5 14 35.0
1 3 7.5
2 5 12.5
Q3. I enjoyed the way of teaching. 3 4 10.0
4 5 12.5
5 23 575
2 4 10.0
Q4. Materials of the subject helped me to 3 5 125
learn the topics well. 4 15 375
5 16 40
1 3 7.5
Q5. 1 did not have any difficulties in using 2 2 50
the class materials 3 10 250
' 4 9 225
5 16 40
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Q6. 1 enjoyed using the classroom
materials.

O~ WNPEF
Tl
oo BN

5.0
10.0
15.0
25.0
45.0

Q7. Classroom activities conducted at the
end of each lesson helped me to learn the
topics well.

gObhwN
= [ES
o ©© =P+

10
27.5
22.5

40

Q8. I did not have any difficulties in doing
the classroom activities.

~N ww

=
(o2 0

7.5
7.5
175
27.5
40.0

Q9. I enjoyed doing the classroom
activities.

ORWNR |[ORhWN R
N e
NBorw

7.5
25
12.5
25.0
52.5

Q10. Group works helped me to learn the
topics well.

abhownNE
[EEN
#QO\IO')#

10.0
15,0
17,5
22,5
35,0

Q11. I did not have any difficulties to do
group works.

OB wWwWN -

175
10.0
30.0
25.0
155

Q12. 1 enjoyed doing group works.

OB WN -

10.0
17.5
25.0
12.5
35.0

Q13. Revisions and questions asked in the
beginning of each lesson helped me to learn
the topics.

a b owiN
[EEN
oo © © ;1

125
22.5
20.0
45.0
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1 2 5.0
Q14. Verbal explanations during the g é 155'00
lessons helped me to learn the topics. 4 8 20.0
5 22 55.0
1 4 10.0
2 3 7.5

Q15. Worked examples helped me to learn
the topics 3 13 325
' 4 5 12.5
5 15 37.5
2 1 2.5
Q16. Completion examples helped me to 3 14 35.0
learn the topics. 4 8 20.0
5 17 42,5
Q17. Teaching method of the subject g g iég
hzlr[iJgg me to learn the topics in a shorter 4 14 350
period. 5 15 37.5
1 2 5.0
Q18. 1 would like to see this teaching 2 2 >0
method used in other Mathematics topics 3 ! 17.5
' 4 9 225
5 20 50.0
1 1 2.5
Q19. I would like to see this teaching 2 3 7.5
method used in other courses 3 10 250
' 4 5 12.5
5 21 52.5

The analysis of the data obtained from SQ indicated that the majority of the
students enjoyed the way of teaching (70%), materials (77.5%), and classroom
activities (77.5%). Further, they thought that materials of the subject help them
learn the topics well (77.5%). The data showed that the students agree about
the helpfulness of the modality principle of the CLT (75%). Indicating
efficiency of the treatment in terms of duration, students agree that they learned
in a shorter time (72.5%). Finally, the majority of the students wanted to see

the use of the teaching method in other mathematics topics (72.5%).
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4.2 Results of Interviews

In order to capture students’ perceptions about the treatment more deeply, in
other words, to satisfy the deep understanding about the treatment, open-ended
interviews were conducted at the end of the implementation process. The
interviewees were selected purposefully based on their mathematics
achievement. A total of 12 students were selected for the interviews from the
highest achievers (four students), medium achievers (four students) and low
achievers (four students). According to interviews, the codes were collected

under the themes which are provided in Appendix K.

4.2.1 Revisions about Prerequisite Learning at the Beginning of
Each Lesson

In the interview process, the first question was about the revisions and the
questions asked at the beginning of each lesson to refresh the students” memory
about the prerequisite learning. All of the participants had positive opinions
about the revisions made and the questions asked at the beginning of each
lesson. Some of the responses related to the revisions and the refreshing

question include:

HSt-1 (High Achiever): ‘At the beginning, a revision took place. It was better
to cover new topics after the revisions. | think it was useful. It enabled us to
remember the topics we had learned before; it made me remember [the

previous subjects]. "’
MSt-5 (Medium Achiever): ““It was useful that the teacher reminded us about

the old subjects. I think it is much better this way. Reviewing the old subjects

surely helped us to learn the new ones.”’
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LSt-11 (Low Achiever): “‘For me it was a general review. Because | forgot the
subjects that | had learned last year, it helped me to review and it refreshes my

memory.”’

4.2.2 Worked Example Effect

The second interview question was about the worked example-problem pair
lessons. During the treatment, each lesson, worked examples with a similar
practice problem were used for teaching of the Algebra topics. Half of the
students (50%) expressed in SQ that worked examples help them learn the
topics. Participants that had high, medium, or low Mathematics achievement
found worked examples superior to straight practice for learning Algebra

topics. Some of the examples of their responses are as follows:

HSt-1 (High Achiever): I look at the solution as I try to solve the problem. [

complete anything that | missed or forgot during the solving process ...""

MSt-8 (Medium Achiever): ‘‘Having worked examples were superb in terms of
understanding the subject. Before, the solutions were erased after the solving
process. But now, they are all before my eyes, | can see them all the time. It

makes it better for me to follow.”’

LSt-7 (Low Achiever): “‘It was good for us. Even if |1 do not understand [the
question], I can still solve them by looking at the worked examples. This is very

good for me.

4.2.3 Completion Example Effect

The third interview question was about the completion examples. In SQ, 62.5%

of the students thought that completion examples helped them to learn the
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Algebra topics. Participants of interview that had low Mathematics
achievement found completion examples helpful for learning Algebra topics. In
contrast, participants that had medium or high Mathematics achievement found
completion examples redundant. This is because once a learner has acquired a
basic schema for the skill or concepts, applying the schema to problems help
them to learn best rather than investing redundant effort in studying more

examples. According to their responses:

MSt-8 (Medium Achiever): “‘I think the half solved problems were not that
necessary. | wish they were fully solved or not solved at all. Because I think the
exercises following the examples were enough. These [half solved] examples

did not need to be there.”’

HSt-10 (High Achiever): “The half solved problems were not useful for me
because they were presented step by step. | did not apply [the step by step
solutions] so much. | solved the questions practically. | passed immediately to
the exercises after looking at the examples. | completed the half ones with the
methods that | know. "’

Interviewees MSt-8 and HSt-10 stressed the expertise reversal principle of the
CLT. According to this principle, once the learners have performed their own
schemas for performing a task, they are better off solving problems based on
those schemas. Having to study completion examples of a task they already

know adds an unnecessary and sometimes conflicting repetition.

4.2.4 Classroom Materials (Students’ Booklets and Algebra
Tiles)

The fourth question in the interview schedule was ‘‘what is your opinion about

the Students’ Booklets and Algebra Tiles used as classroom materials? Have
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they been beneficial for you?”’. In SQ, the majority of the students expressed
the positive option about the materials in terms of the help to learn topics well
(77.5%) and enjoy using them (70%). In interviews, all of the participants had
positive opinions about the Students’ Booklets and Algebra Tiles used as
classroom materials. Some of the responses provided about the classroom

materials include:

HSt-2 (High Achiever): “‘The student booklets were very nice. They were very
useful for us. It was better than writing in notebooks. The subjects are better
explained in the booklets. Algebra tiles were good too. | learned the iterations
better by modeling.””’

MSt-6 (Medium Achiever): “‘l used the algebra tiles. | like them actually, but
some groups answer while we are still working on the problem. We were a
little bit behind. The student booklets were very nice. The examples in the
booklets were very nice too. | liked it and | learned better. In fact, | never liked

mathematics before. Now | show my correct solutions to my friends. ”’

Interviewee MSt-6 stressed the effect of the materials for developing positive

opinion toward mathematics course.

LSt-4 (Low Achiever): “‘Algebra tiles were fun. We did it together with my

friend. The student booklets were very good in terms of following the lessons. ”’
Interviewees focused on the fact that their attention is normally decremented

because of taking notes in a lecture. Hence, the Students’ Booklet helped them

to decrease the note taking and concentrate on the lesson.
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4.2.5 Focus on Attention and Avoid Split Attention and Modality
Effect

The fifth question of the interview schedule was ‘‘while teaching the lessons,
your teacher did not write anything on the board not to split your attention and
conducted the lesson over the Students’ Booklets. Was
this practice beneficial to understand the topics better? What were the some of
the benefits? Can you give an example?’’. The question ‘‘verbal explanations
during the lessons helped me to learn the topics’ asked in SQ stressed the
modality principle of the CLT. This principle states that complex topics can be
understood more efficiently when explanatory words presented in an audio
modality (Clark, et al., 2005). The majority of the students (75%) found verbal
explanations helpful for learning Algebra topics. In the interview process,
researcher focused on the modality effect of the CLT together with the split
attention effect. Split attention effect refers to the ECL imposed when the
learners need to integrate two or more dependent sources of information that
are physically separated (Clark, et al., 2005). High achiever interviewees
stressed that they were easily able to follow the lessons from the Students’
Booklets and using the board during the lessons was not necessary. Some of
the responses of high achievers provided insights about the modality and split

attention effect of CLT are as follows:

HSt-1 (High Achiever): “‘It was good because it saved me from writing. It is

already written on the booklets. To write on the blackboard is unnecessary.”’

HSt-10 (High Achiever): “‘For me, rewriting the questions that are already
solved [in the booklets] on the blackboard is a waste of time.”’

Further, medium and low achiever interviewees stressed that they were able to
follow the lesson more easily when the teacher did not use the board. Some of

the answers provided as follows:
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MSt-5 (Medium Achiever): “‘It is difficult to both write down and follow the

blackboard at the same time.... "’

LSt-4 (Low Achiever): “‘I think it was good that the teacher stopped writing on
the blackboard. | cannot write on the notebook and listen to the lecture at the

same time.”’

Interviewees MSt-5 and LSt-4 focused on the split attention effect from the
note taking perspective. The cognitive effort required to take notes reduces
mental capacity that could be devoted to processing the content and leading to

learning.

4.2.6 Classroom Activities

The sixth question in the interview schedule was ‘‘classroom activities took
place when you had gained experience in courses on the subject. What do you
think about the effect of the activities implemented at the end of the lessons on
your Algebra learning? Would the effect of classroom activities be
different had they been conducted at the beginning of the lesson? Please
explain.”” This question was about content organization and the design of the
learning environment. In the implementation of the treatment, the directive
architecture of the instruction was used by the number of lessons that start with
basic prerequisite knowledge and skills and build hieratically to more complex
skills. Classroom activities sequenced after the explanation of skills. In other
words, classroom activities were not the starting point of the lesson. In the SQ,
there were three questions about the classroom activities. It can be concluded
from the data gathered from SQ, The students had positive opinion about the
classroom activities (Table 4.9). Some of the responses of high achievers of

interviewees about the classroom activities include:
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HSt-1 (High Achiever): ““I could not have done anything if she did it at the
beginning. Not knowing beforehand also lowers one’s morale. Learning first
and then solving the problems is better for us. I was trying to do something

about the subjects which I did not learn. So it was difficult. "’

HSt-2 (High Achiever): “‘Learning first and then doing it by yourself is much
better. Explaining the subject first was good. If | tried the exercise first, I
would not have understood the subject. | mean, I could not have learned it. |

could not have done the exercises and | would have been upset. ”’

HSt-3 (High Achiever): “‘It was very good. If the exercise was done first, |
would not have learned anything. Of course it affects my learning. It was very

useful for me. I would not have learned if the activity was done before.

Interviewees HSt-1, HSt-2, and HSt-3 stressed the effect of classroom activities
on motivation and morale, and mentioned the importance of gaining some

skills about the topic before doing the classroom activities.

Medium and low achievers also stressed the importance of conducting
classroom activities at the end after the explanations or demonstration of skills.
Some of the responses of medium and low achievers about the classroom

activities are as follows:
MSt-5 (Medium Achiever): ““Activities were very suitable. How can I say... It
would have been bad before learning and understanding the subject. I am very

happy with the timing.”’

MSt-6 (Medium Achiever): ‘‘The teacher should teach the subject first and the

activities come later. It is very good like that. It would be bad to have the

101



activity first and then teach. | should learn the subject first and I should do the

activities later on in order to improve my skills.”’

LSt-7 (Low Achiever): “‘Doing the activities first is better. | think it would be
worse if the activity comes first. I cannot do the activity if I don’t know the

subject. Teaching the subject first was good.”’

4.2.7 Group Works

The seventh question of the interview schedule was ‘‘at the end of the
Algebraic Operations and Equations topics, group works were

conducted. Were the group works useful for you? How?”’.

In SQ, there were three questions about the group works. The percentage of
students for each question did not describe positive opinion about the group
works (see Table 4.9). Interviewees mentioned that there were many students
in their classroom and for this reason they did not feel comfortable when they
study in group works. They stressed that their classroom did not provide an
ideal environment for group works. Only one interviewee found group works

beneficial. Some of the responses of interviewees about the group works are:

HSt-10 (High Achiever): “‘I did not like the group studies. | already know the

subject. I bring my exercise book and solve the problems in it.”’

MSt-5 (Medium Achiever): “‘It is good to work in pairs. But working with four
or five people is hard. Two people can be useful to each other. | did not like

the crowded group study.”’

LSt-11 (Low Achiever): ““It was very noisy. Sometimes we talked about other

things. It was not so good. It was exhausting. ”’
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The interviewee HSt-10 stressed the redundancy of the group works, which
depended on the level of the learner expertise. Information, classroom
activities, or group works that is necessary for novices may be redundant for
the experts. This is related to the expertise reversal effect of the CLT. Further,
interviewees MSt-5 and LSt-11 found the group works exhausting. On the
contrary, one of the interviewees (MSt-9) who had medium mathematics

achievement found the group works beneficial:

MSt-9 (Medium Achiever): “‘For example | did not know some subjects so
well. My friend taught me. We shared our knowledge by working together. |

offered a method, he did too, and it was useful. There was sharing.”’

4.2.8 Efficiency of the Course designed by the Effects of CLT

The CLT is about efficiency (Clark, et al., 2005). Efficient instructional
environments lead to faster learning, better learning, or both. Efficiency can
also be measured by the time required for satisfying learning. The eighth
question of the interview schedule deals with the efficiency of the treatment,
considering its ability to facilitate easier, better, or faster (shorter-time)
learning. The question was ‘‘when you consider all the issues, do you think
that you learned the topics easier, better, or in a shorter time? Please explain”’.
In SQ, the efficiency was considered in terms of the duration and the majority
of the students (72.5%) thought that the teaching method helped them to learn
topics in a shorter time. All participants of interviews thought that they learned
the topics easier, better, or in a short time. Some of the responses of

interviewees provided about the group works:

HSt-2 (High Achiever): ‘I put in a lot of effort last year because it was not
[taught] like this. I actually still learned well, but it required a lot of effort. ””’

103



MSt-8 (Medium Achiever): ‘I learned better by this teaching method. [
absolutely learned in a shorter time. For example, 1 would learned the

equations in more than one hour, but now it is much shorter.’’

LSt-7 (Low Achiever): “In this way, it was superb. It took me less time. |

learned more easily. "’

4.2.9 Disliked/Useless Implementations during the Treatment

The ninth question was ‘“When you consider all the teaching method, was
there any teaching practices that you dislike or useless? Please explain why did
you find these practices useless or dislike?’’ In interview process, all students
except one reported that they were satisfied with all of the treatment process.
Only one of the participants (HSt-10) stressed that there were many worked
examples in the Students’ Booklets and instead of these worked examples it
would have been better to solve some practice problems. In the SQ, the

responses of the participants were the same with the interview.

4.2.10 Evaluation of the Teaching Method

The tenth question was about the evaluation of the treatment which also asked
in the SQ. The question was ‘‘when you compare the teaching
techniques/methods that your teacher used previously with this teaching
method, which was aspects of the used teaching method was better?”’.
Interviewees found this teaching method better because some reasons. For
example, they taught that use of worked examples for teaching each lesson and
less notes-taking during the lesson hours helped them follow the lessons easily.

Some of the responses provided for evaluation of the teaching method:
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MSt-5 (Medium Achiever): ““Last year [in Mathematics topics] and in other
courses, this teaching method was not used. It was a little bit difficult to
understand and learn the topics. | kept moving on comfortably in this topic. I
wish it continued like this. I understand more easily and move on [to other

topics].”’

MSt-9 (Medium Achiever): ““For example, it is really good to be given
eXercises in the beginning. Let’s say I missed something, I look it up in the
booklet. Then I say, “oh that’s how it is done.” I mean, it is really good to

teach the subjects by using examples and exercises.’’

LSt-4 (Low Achiever): ‘‘When you take too many notes, it becomes difficult to
understand the lesson. In the beginning of the semester, | used to write a lot. |
could not understand the lessons well. Now, it is very nice to have to write less

now.”’

4.2.11 Use of the Teaching Method Designed by CLT Principles

in Other Mathematics Topics and Courses

The final question of the interview schedule was about the use of the teaching
method in other mathematics topics and in other courses. This question was
also asked in the SQ. The students had positive opinions toward the use of this
teaching method in other mathematics topics (72.5%). Interviews implied that
the reason to want to see this teaching method in other mathematics topics and
courses, students could easily follow the lessons. Accordingly, their responses

stressed the issue of cognitive overload. Some of the responses include:

HSt-1 (High Achiever): ‘It is possible to [apply it] in other courses, such as
science and technology. | think it would be useful in computational courses. It
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Is not that necessary in verbal courses because they are not that difficult, you

just read the material.’’

MSt-6 (Medium Achiever): ““It would be really nice to apply it in other
mathematics topics, namely Natural Numbers and Geometry. Well, actually,
we have already covered the Natural Numbers. For the other courses, it would
be nice to have it, for example, in Science and Technology. | prefer this method

in the hard courses.’’

Interviewees HSt-1 and MSt-6 stressed that for the courses which they think
are difficult. Such as Science and Technology and English, the implementation

of this teaching method would be helpful.
MSt-5 (Medium Achiever): ““It would be better to learn other mathematics
topics by this method. | would also prefer it especially in the Turkish Language

course. Because I get bored from taking notes, 1 find it difficult.”’

LSt-11 (Low Achiever): ‘I also prefer it in Turkish Language course. Because

we always take notes in that course I cannot follow the lesson.’’

Interviewees HSt-1 and MSt-6 stressed that note taking leads to cognitive
overload. They mentioned that in courses like Turkish, taking notes is tedious
and therefore, they would prefer this method.

4.3 Summary of the Results

The results obtained from the statistical analyses could be summarized as

follows:
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The independent t-test results showed that there was no significant mean
difference on student’s previous year mathematics scores between the control and
the experimental group. This finding indicated that the students’ previous year

mathematics grades were similar in both experimental and control groups.

The descriptive statistics related to the student’s AAT and SRS for each of the
experimental and control groups revealed that in terms of the AAT scores, the
students in the experimental group had higher scores than the students in the
control group. In terms of the SRS scores, the experimental group students had
lower scores than the control group students. This result indicating the efficiency
of the instructional method used in experimental group: higher achievement with

less cognitive load.

MANOVA result indicated that instructional method affected the 7™ grade
students’ achievement on AAT test and cognitive load. It was found that there
was a significant difference in the means of experimental and control groups
when they were compared simultaneously on two dependent variables, Algebra

achievement and cognitive load.

In terms of the efficiency of the courses, the efficiency value of the
experimental group was in the second quadrant of the Cartesian Coordinate
Plane above the line E=0. On the other hand, the efficiency value of the control
group was in the fourth quadrant of the Cartesian Coordinate Plane below the
line E=0. The results of the Independent samples t-test indicated that there was
a significant difference between the efficiency scores of students who were
exposed to instruction designed by CLT principles and to instruction
recommended by MONE.

The findings related to the questionnaire and structured interviews could be

summarized as follows:
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Interview results indicated that all of the participants had positive opinions
about the revisions made and the questions asked at the beginning of each

lesson.

During the treatment, each lesson, worked examples with a similar practice
problem were used for teaching of the Algebra topics. Half of the students
(50%) expressed in SQ that worked examples help them to learn the topics.
Interview participants that had high, medium, or low Mathematics achievement
found worked examples superior to straight practice for learning Algebra

topics.

In SQ, 62.5% of the students thought that completion examples helped them
learn the Algebra topics. Participants of the interviews that had low
Mathematics achievement found completion examples helpful for learning
Algebra topics. In contrast, participants that had medium or high Mathematics

achievement found worked examples redundant.

In SQ, the majority of the students expressed positive option about the
materials in terms of help to learn topics well (77.5%) and enjoy using them
(70%). In interviews, all of the participants had positive opinions about the

Students’ Booklets and Algebra Tiles used as classroom materials.

The question ‘‘verbal explanations during the lessons helped me to learn the
topics’’ asked in SQ stressed the modality principle of the CLT. The majority
of the students (75%) found verbal explanations helpful for learning Algebra
topics. In the interview process, researcher focused on the modality effect of
the CLT together with the split attention effect. Interviewees stressed that they
were easily able to follow the lessons from the Students’ Booklets and using

the board during the lessons was not necessary.
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The data gathered from SQ indicated that students had positive opinion about
the classroom activities (Table 4.9). This result was supported by the
interviews. However, the percentages of students for group work questions
were not described positive opinion in the SQ (see Table 4.9). Interviewees
mentioned that there were many students in their classroom and for this reason
they did not feel comfortable when they study in groups. They stressed that

their classroom did not provide an ideal environment for group works.

In SQ, the majority of the students (72.5%) thought that the teaching method
helped them to learn topics in a shorter period. All interview participants
thought that they learned the topics easier, better, or in a short time. In
interview process, all students except one reported that they were satisfied with
all of the treatment process. Only one of the participants (HSt-10) stressed that
there were many worked examples in the Students’ Booklets and instead of
these worked examples it would have been better to solve some practice
problems. Interviewees found this teaching method better because, they taught
that the use of worked examples for teaching each lesson and less notes-taking
during the lesson hours helped them follow the lessons easily.

The students had positive opinions toward the use of this teaching method in
other mathematics topics (72.5%). Interviews implied that the reason to want to
see this teaching method in other mathematics topics and courses is that they
thought that they could easily follow the lessons. Hence, results of quantitative

data analysis were supported by the results of the qualitative data analysis.
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CHAPTER YV

DISCUSSIONS

This chapter consists of discussions of the findings obtained from data analysis
and recommendations for practice and future research. The results are restated
and discussed in some detail in the first part; recommendations for practice and
future research are given in the second part.

5.1 Discussions

The purpose of the study was to investigate the effect of an instruction
designed by the CLT principles on 7" grade students’ achievement in Algebra

topics and cognitive load.

More specifically, the study had three objectives. The first objective was to
determine whether the treatment had an effect on students’ Algebra
achievement and cogpnitive load. The second one was to find out the efficiency
of the instruction in terms of the students’ achievement and cognitive load
measures. Finally, the third objective was to reveal the perceptions of the
students who were exposed to the instruction designed by the CLT principles

about the treatment.
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In the following sections, the conclusions drawn from the experiment results

are discussed in conjunction with the related literature.

5.1.1 Students’ Performance on Tests

The results presented in the previous chapter indicate that the students in
experimental group performed relatively well in AAT (Algebra Achievement
Test) compared to the control group. The mean score of the experimental group
was 41.18 and the mean score of the control group was 14.88 (out of 80). The
results of the SRS (Subjective Rating Scale) indicated that the students in the
experimental group had lower SRS scores than those in the control group. The
mean SRS scores of the experimental and the control groups were 3.58 and

5.05 (out of 9), respectively.

These results are consistent with the studies which claim that an instruction is
efficient if the learning results in such a way as to maximize learning and
minimize the amount of cognitive load required (Paas & Van Merrienboer,
1994; Paas, 1992; Tuovinen & Sweller, 1999).

Although the mean AAT score of the experimental group was much higher
than the control group, the mean scores of AAT for both groups were actually
low. One of the reasons for these low achievement scores may be the
deficiencies of the students’ prior knowledge. The results presented in Table
4.1 in the previous chapter indicated that the means of student’s previous year
mathematics scores for the experimental group (M=2.55) and control groups
(M=2.98) were not very high. According to the NCTM (2000) Principles and
Standards, the importance of the prior knowledge was stressed as ‘‘students
learn mathematics by connecting new ideas to prior knowledge... Teachers
should reveal students’ prior knowledge and design experiences and lessons

that respond to, and build on, prior knowledge’’ (p.18). Tatar and Dikici (2008)
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reported that one of the reasons of students’ disabilities in the mathematics is
the deficiencies of their prior knowledge. Therefore, it can be concluded that
students’ prior knowledge both in experimental and control groups effected

their achievement in the AAT.

Another reason would be the socio-economic background of the students. As
described in the Method section, the school that the study conducted was
located in a poor socioeconomic neighborhood. Research has consistently
shown that socioeconomic status have a negative influence on students’
achievement (Coleman, 1966; Engin-Demir, 2009; Heyneman & Loxley, 1983;
Savas, Selma, & Adem, 2010; Tansel & Bircan, 2004). More specifically,
TIMMS 98-99 data (Yayan, 2003) indicated that socioeconomic status is
positively related to mathematics achievement in Turkey. Ersoy and Erbas
(1998) conducted a study to assess the Algebra achievement level of the 7"
grade students in Turkey. They found that Algebra teaching was very
problematic in the poor socio-economic neighborhood. In other words, students
in poor socio-economic neighborhood had lower achievement scores in

Algebra topics compared to the medium or high socio-economic neighborhood.

The other reason would be the school characteristics. The physical conditions
of the school that the study was conducted were quite poor in terms of school
facilities and class size. Previous research indicated that school characteristics
in terms of school facilities and class size had significant effect on the
academic achievement of students (Engin-Demir, 2009; Fuchs & Woessmann,
2007).

As discussed previously, the mean AAT score of the experimental group was
much higher than the control group. This result indicates the success of the
CLT in poor socioeconomic neighborhood. Therefore, it can be concluded that

the instruction designed by the principles and effects of the CLT is successful
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for teaching Algebra topics in poor socio-economic neighborhood. Further,
SRS scores of the students in experimental group was much lower than the
SRS scores of the students in control group indicating the efficiency of the
instruction designed by the principles and effects of the CLT in poor socio-
economic neighborhood.

5.1.2 The Effect of the Instruction Designed by the CLT Principles on
Students’ Algebra Achievement and Cognitive Load

One of the research questions of this study was to find out if there was a
significant impact of the instruction designed by the CLT principles on 7™

grade students’” Algebra achievement and cognitive load.

The results of the MANOVA showed that there was a significant effect. The
effect size (.65) claims the practical significance of this result. It was indicated
that scores of students on AAT and SRS significantly differ according to the
instruction and 65 percent of multivariate variance of the AAT and SRS scores
were associated with the group factor. In other words, 65 percentages of the
variation of the AAT and SRS scores was explained by the instruction

developed by CLT principles.

Similar results concerning the significant effect of the CLT principles had been
found in several studies before (Atkinson et al., 2003; Brunstein et al., 2009; P.
Chandler & Sweller, 1992; Kalyuga, Chandler, & Sweller, 2001; Kalyuga &
Sweller, 2004; Mousavi et al., 1995; Paas, 1992; Paas & Van Merrienboer,
1994; Sweller & Cooper, 1985; Tarmizi & Sweller, 1988; Zhu & Simon,
1987).
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The results of the MANOVA suggested that the instruction developed by the
CLT principles can be used in Algebra courses to increase achievement and

decrease the cognitive load.

5.1.3 Efficiency Scores of Experimental and Control Groups

The other research question of this study was to find out if there was a
significant difference between the efficiency scores of students who were
exposed to instruction designed by CLT principles and to instruction
recommended by MONE.

To answer this research question, the mean of the AAT z-scores, SRS z-scores,
and the efficiency values for both the experimental and the control groups were
calculated and put in the efficiency formula. The mean of AAT z-scores (-
0.45), SRS z-scores (0.77), and efficiency value (0.86) indicate that the
efficiency value of the experimental group was in the second quadrant of the
Cartesian Coordinate Plane, above the line E=0. As discussed before, the sign
of the efficiency scores determines the efficiency; as low or high, therefore, the
efficiency score of the experimental group indicated high efficiency. On the
other hand, the mean of AAT z-scores (0.45), SRS z-scores (-0.77), and
efficiency value (-0.86) indicate that the efficiency value of the control group
was in the fourth quadrant of the Cartesian Coordinate Plane, below the line

E=0. The efficiency score of the control group indicated low efficiency.

The results of the Independent samples t-test, t(78)=10.339, p<0.05, indicated
that there was a significant difference between the efficiency scores of students
who were exposed to the instruction designed by the CLT principles and those

expose to the instruction recommended by MONE.

This result is consistent with the previous results that claimed that an

instruction designed by the CLT are more efficient than the instructions
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designed by other instructional techniques (Gerven et al., 2003; Kalyuga,
Chandler, & Sweller, 2001; Van Gerven, et al., 2002; Van Merriénboer, et al.,
2002).

As discussed in Chapter 2, previous studies include the CLT principles were
adapted to multimedia learning in Turkey, although, the results are still being
considered for their calculation of efficiency. The results of these studies
conducted by Kili¢ (2006), Kablan and Erden (2008), and Sezgin (2009)
indicated that the instructions prepared by the CLT principles had significantly
high efficiency.

5.1.4 Results of the Students’ Perceptions about the Treatment

5.1.4.1 Revisions about Prerequisite Learning at the Beginning

of Each Lesson

All of the students in the experimental group had positive opinions about the
revisions made and the questions asked at the beginning of each lesson.
Majority of the students expressed that these revisions and questions refreshed

their memory and helped to understand the topics better.

According to the CLT, the first step in instructional design is to research and
define the backgrounds of the learners (Clark et al., 2005). The classrooms
usually include a mixture of novice and experienced learners. Clark at al.
(2005) suggested that for mixed classrooms a pre-work is to be assigned to
equilibrate prior knowledge of the class at beginning. Another suggestion is,
along with prerequisites, for instructional designers to organize the lesson into
introductory or advanced sections. These methods increase the efficiency of the

instructional environments (Clark et al., 2005) and can lead to schema
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automation (Sweller et al., 2011a). The answers of the students interviewed for

this study are therefore consistent with the literature.

5.1.4.2 Worked Example Effect

The participants that had high, medium, or low Mathematics achievement
found worked examples superior to straight practice for learning Algebra
topics. Worked examples have proven effectiveness: examples to replace
practice and get equivalent learning results in less time and less learner effort
(Paas, 1992; Paas & Van Merrienboer, 1994; Sweller & Cooper, 1985).

As described by Clark et al. (2005), when studying worked examples, limited
WM capacity can be devoted to building a schema of how to perform the task.
Having a worked example to study just prior to solving a similar problem
provides the learner with an analogy to be used while solving the problem.
When solving a problem without the benefit of an analogous example, most
WM capacity is used up in figuring out the best solution approach with, little

memory remaining for building a schema.

5.1.4.3 Completion Examples Effect

According to the results of SQ and the interviews, the students thought that
completion examples helped them to learn the Algebra topics. The
interviewees that had low Mathematics achievement found completion
examples helpful for learning Algebra topics. Like worked examples,
completion examples also reduce cognitive load because schemas can be
acquired by studying the worked portions. As described before, a completion
example offers a psychological balance. It reduces cognitive load by
incorporating some worked examples and it fosters deep processing requiring

completion of the remaining elements (Clark et al., 2005).
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In contrast, participants that had medium or high Mathematics achievement
found completion examples redundant. As describe by Clark et al. (2005) this
is because once a learner has acquired a basic schema for the skill or concepts,
applying the schema to problems help them to learn best rather than investing

redundant effort in studying more examples.

Kalyuga and her colleagues (2001) demonstrated that worked examples and
completion examples resulted more efficient learning during initial stages of
learning. As the learners gain experience, all problem lessons become more
efficient. Therefore, differing levels of learner experience should be taken into
account when designing instruction using worked examples, completion

examples, and problems.

5.1.4.4 Classroom Materials (Students’ Booklets and Algebra
Tiles)

In the SQ, the majority of the students expressed positive opinion about the
materials helping them to learn topics well (77.5%) and enjoying to using them
(70%). In the individual interviews, all of the participants had positive opinions
about the Students’ Booklets and Algebra Tiles that were used as classroom

materials.

Interviewees focused on the fact that their attention is normally decremented
because of taking notes in a lecture. During the treatment process, the
““‘Students’ Booklet’” helped the students reduce the note-taking and
concentrate on the lesson. As considered previously, Clark et al. (Clark et al.,
2005) described that split attention caused by taking notes might reduce
learning. The cognitive effort required to take notes reduces cognitive capacity
that could be devoted to processing the content in ways that lead to learning.

They recommended that the limited WM resources be utilized in more
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productive ways, such as written content summaries and small booklets, than

taking notes from a lecture (Sweller et al., 1990).

5.1.45 Focus on Attention and Avoid Split Attention and
Modality Effect

The question ‘‘verbal explanations during the lessons helped me to learn the
topics’” asked in the SQ stressed the modality principle of the CLT. Further,
the researcher focused on the modality effect of the CLT together with the split
attention effect in the interviews. The interviewees stressed that they were able
to follow the lessons from the Students’ Booklets easily and hence using the

board during the lessons was not necessary.

Similarly, previous research suggests that reducing or eliminating the split
attention effect may have extensive applications (P Chandler & Sweller, 1991,
P. Chandler & Sweller, 1992, 1996; Tarmizi & Sweller, 1988) and the negative
consequences of split-attention might be avoided by presenting statements in
an auditory form, rather than in a visual form (Mousavi, et al., 1995).

5.1.4.6 Classroom Activities

As discussed before, in the implementation process of the treatment, the
directive architecture of the instruction was used by the number of lessons that
start with basic prerequisite knowledge and skills; and they were building
hieratically to more complex skills. The classroom activities were sequenced
after the explanation of the skills. In other words, classroom activities were not
the starting point of the lesson. The students stressed the positive role of
classroom activities on motivation and morale, and mentioned the importance
of gaining some skills about the topic before doing the classroom activities, a

finding that is consistent with the literature.
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The related literature suggests that for most novice learners the result of a
whole task course will be cognitive overload. The whole task course designs
are suited only for learners with considerable relevant prior experience,
because these learners are likely to have already learned many of the required

components (Van Merrienboer et al., 2003; Van Merriénboer, 1997).

5.1.4.7 Group Works

The interviewees mentioned that there were many students in their classroom
and they did not feel comfortable studying in group works. They stressed that
their classroom did not provide an ideal environment for group works. Further,
interviews stressed the redundancy of the group works, which depended on the
level of the learner expertise.

As previous research shows, information, classroom activities, or group works
that is necessary for novices may be redundant for the experts (Brunstein et al.,
2009; Kalyuga, Chandler, & Sweller, 2001).

5.1.4.8 Efficiency of the Course designed by the Effects of CLT

The quantitative analysis of the data indicated that the instruction designed by
the CLT principles has an effect on students’ Algebra achievement and
cognitive load. Further, the instruction was efficient (efficiency score was 0.86)
in terms of performance and cognitive load. These results were supported by
the qualitative results. All of the participants during the interviews stressed that

they learned the topics easier, better, or in a shorter time.
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5.1.4.9 Disliked/Useless Implementations during the Treatment

All but one student reported that they were satisfied with all of the treatment
process. Only one of the participants indicated that there were many worked
examples in the Students’ Booklets and instead of these worked examples it

would have been better to solve some practice problems.

As discussed previously, once a learner has acquired a basic schema for the
skill or concepts, applying the schema to problems help them to learn best
rather than investing redundant effort in studying more examples (Clark et al.,
2005; Kalyuga, Chandler, & Sweller, 2001).

5.1.4.10 Evaluation of Teaching Method

The interviewees found the experimented method better due to several reasons.
For example, they taught that the use of worked examples in lesson and the
need for less note-taking helped them follow the lessons more easily. Similarly,
these results are supported by the related literature (Atkinson et al., 2003; Paas,
1992; Paas & Van Merrienboer, 1994; Sweller & Cooper, 1985).

5.1.4.11 Use of the Teaching Method Designed by CLT Principles
in Other Mathematics Topics and Courses

The students in the experimental group want to see this teaching method in
other mathematics topics and courses. The reason for this preference was
because they could easily follow the lessons. Accordingly, their responses
stressed the issue of cognitive overload. According to Clark et al. (2005) the
goal of the training is to minimize wasteful forms of cognitive load and

maximize the useful forms.
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5.2 Recommendations

In this section, recommendations for practice and further research are

considered based on the results of the study.

5.2.1 Recommendations for Practice

The results of this study show that there was an effect of the instruction
designed by CLT principles on students’ achievement in Algebra topics and
cognitive load. Further, the efficiency value of the instruction indicates high
efficiency. Therefore, the principles and CLT effects that were used in this
study can be recommended to practitioners to design effective instructional

environments. Recommendations for practice are as follows:

1. The first and most important implication of an instruction designed by the
CLT principles is that effective instructional environments depend on the
human cognitive architecture system. Therefore, the characteristics and the
principles of this system should be known well by the designers for

effective instructional environments.

2. How the knowledge is presented to the learners and in which activities they
engage depends on the characteristics of the WM, because the WM first
processes information before it can be stored in the LTM. The major
characteristic of the WM is its limitation, both in terms of duration and
capacity. The aim of an instruction should be to ensure that the learners’
WM is not overloaded. Therefore, the limitations of the WM should be well
known and the instruction should be designed according to these

limitations.
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The ICL is dependent on element interactivity; the number of elements that
need to be processed simultaneously by the learner. If element interactivity
is high, learning becomes more difficult and WM-resource intensive,
whereas for low element interactivity material, learning is easier and,
requires fewer WM resources. Hence, the content with a high complexity
level, one should reduce the ICL by using worked examples, completion
examples, and other recommended CLT effects depending on the specific

learning objectives.

To manage the WM load and to facilitate LTM, the ECL (caused by poorly
designed instructional procedures that interfere with schema acquisition)
should be eliminated. The CLT effects, such as worked example effect,
split attention effect, and modality, should be understood well in order to

manage this load.

Studying worked examples has been identified by the CLT as an effective
method of reducing the ECL. The learner can devote all the available WM
capacity to studying a worked-out solution and constructing a schema to

solve similar problems in LTM.

. Worked example-problem pair instruction used in this study help to
decrease the ECL of the learners. This type of lessons alternated worked
examples with a similar practice problem can be used in different

instructional contexts.

The guidance fading effect of the CLT can be used especially for the

novice learners who are most susceptible to cognitive overload.

Instructional designers can use guidelines for instructional methods that

work best with low knowledge learners and with high knowledge learners.
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10.

11.

Instructional designers should avoid ECL when the learners are novice. As
the learners develop expertise, the instructional techniques should be

adjusted accordingly.

The cognitive effort required to take notes reduces cognitive capacity.
Therefore, small content summaries or other supplementary materials can

be provided for the learners.

The teachers can be trained or educated about the basic principles of the

CLT in order to utilize the limited capabilities of the learners’ WM.
The curricula developed by MONE can be updated by considering the
principles of the CLT principles to promote learning while reducing

cognitive load.

5.2.2 Recommendations for Further Research

Based on the findings of this study, recommendations for future research are

the following:

1.

This study was conducted with 7" grade students (N=80) attending a public
primary school in Kagithane, Istanbul. Further studies can use the tools
developed by this research to replicate a similar experiment by using a

larger sample for generalization purposes.
Whether the findings of this study hold in other grade levels, other

mathematics topics or other courses is an open question, which needs to be

answered by further research in this area.
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Since a random assignment was not possible for the sampling procedure;
quasi experimental research design was used for this study. The groups can

be assigned randomly in the future research studies.

. Whereas this study was conducted in a public school with students from
poor socio-economic backgrounds, it can be replicated in other socio-

economic background setting to determine its efficiency.

Further research studies can consider additional variables such as attitude

and retention.

The 9-scaled Subjective Rating Scale (SRS) was used to measure student’s
cognitive load. Further research can use physiological measures such as
heart rate, heart rate variability, brain activity, and eye activity.

In this study, the different effects of the CLT were considered collectively
in the research design. Further research can construct experimental designs
that consider these effects separately.

To calculate the efficiency, the performance and cognitive load measures

were used in this study. Further research may include the time as an
indicator of efficiency together with performance or cognitive load.
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APPENDIX A

SAMPLE STUDENTS’ BOOKLET

Uslii Nicelikler

Osrenci Kitapcig

Sevgili Ogrenciler;

Bu kitapeikta Uslii Nicelikler ile ilgili olarak gerekli olan &n 6grenmelere,

orneklere ve alistirmalara yer verilmistir.

Kitapgigin  sonunda verilecek olan Bilissel Yiik Anketini, liitfen

cevaplandiriniz. ©
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Uslii Nicelikler-1
Dersin On Ogrenmeleri

Uslii Nicelik
Bir saymnin kendisi ile tekrarli carpimina denir.
n tane
Bu tekrarli carpimin sonucunu bulmaya ‘kuvvet alma’ denir.

Ornegin,

3¥=3.3-3=27

Us/Kuvvet

T

b

Taban  Deger
Onemli Bilgiler

1. a’=1 Bir saymin sifirinci kuvveti birdir (¢ haric).

Ornek: 2° =1

2. Bir saymnin birinci kuvvetti kendisidir.
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Ornek: 4* = 4
3. Birin tiim kuvvetleri kendisine esittir.
1. WP =11=1
Alstirma:
(11)]toee —g
2. (110)]* =10.10 = 100

Alistirma:

4, (-13)]2=-3.-3=9

Alstirma:
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—([7]?=-0@.7)=—49

Alistirma:

—([4)]3 =2

Asagida verilen ¢arpimlar {islii nicelik olarak yazalim.

5.5.5=75%

Alistrma: 3.3.3.3 =17

10.10.......10 = 10!

11 tane

Alistirma: 12.12......12 =

8 tane

Alistirma: —3).(=3).(-3) =7

(-2).(-2).5.5.5 = {[-2)]2.53

Alstirma: 3-3.3.-6).(-6) =?
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Uslii Nicelikler-2

1. Asagida verilen carpimlari iislii nicelik olarak yazalim.

a a.a.b.b.b=a’b?

Alistirma.
nnnkkhkk=?
b, CE.E.m.n).n)=(—k)]*.m!.{{-n)]*
Alistirma.

—a.-a-ab.b.c.c.c.c =7

2. Asagida verilen sl sayilart carpim seklinde yazalim.

a (-19)]12=-9.-9
-3 —7

Ahstirma:—(15)]
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(I-2)1* = (=2%) csitliginin dogrulugunu tartigmniz.

Bu esitlik dogru degildir. (I—2)1% ; (-2)’nin karesi aliniyor. Cift bir kuvvet
alindigi icin (-), (+)’ya doniisiiyor. (-2*) de ise sadece 2’nin karesi

aliyor.

Ornek:

(I-2)1% = (=2%) esitliginin dogrulugunu tartiginiz.

(I-2)]* =-2.-2.-2 = -8
(-23)=-2.2.2=-8

(1-2)1° ve (=23) esittir. Ciinkii
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Alistirma:
(I-3)1* = (=3%) esitliginin dogrulugunu tartiginiz.

3. (I-41% 107, (I-3)I*  sayilarm biiyiikten kiigiige dogru

siralaymiz.

([-4)]* =-4.-4.-4.-4
102 =10.10
(I-3)]**=-3.-3.-3......-3

11 tane

(I-91* =10% = ([-3)]*
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Alstirma:

(I-7)1°. (5)3, (110)]°

siralayiniz.

4. (I=-3)1% +(I2)]* =2

Coziim:

(1-3)]2=-3.-3=09

(i2)]#=2.2.2.2 =16

9+16 =25
Alstirma:
23 4 (-23) =2
Alstirma:

-10% +(I-7)]% 4+ 3.100° =7

sayilarini kiiglikten biiyiige dogru
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Alstirma:

m=-2 jcipm?—2Zm* 4+ m =?

Alstirma:

a=-3veb=-5 jcpa’-b?=?
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Uslii Nicelikler-3

1. Asagida verilen iislii ifadelerin degerlerini bulunuz.

a. 43 =

b. —2°=

c. I3P=
d. i-(—10]*) =

2. Asagida verilen ¢arpimlar islii olarak yaziniz.

a -2.-2.-2=
b. -3.3.3.3 =
c. —6.-6.3.3.3=

d —-53-5.444-2-2,-2-Z=

3. a n=-1 jcinn* —2n* + n =2

c. x=-2vey=3 jcinx’ -2y’ —x.y =?
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4. Asagidaki islemleri yaparak ifadelerin sonuglarini bulunuz.

a. 102 —2.3% 152 =7

b, —(—4)%-8.28 - (-8)* =2

5. 1000°,12%,10%,11% gayilarini kiigiikten biiyiige dogru siralayiniz.
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BIiLIiSSEL YUK ANKETI

Uslii Nicelikler ile ilgili olarak

Verilen alistirmalar1 tamamlarken ne kadar ¢aba saffettiniz?

Cok Cok Az Kismen | Neaz | Kismen | Fazla Cok Cok
¢ok az az az ne fazla fazla ¢ok
fazla fazla

1 2 3 4 5 6 7 8 9
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APPENDIX B

SAMPLE TEACHERS’ BOOKLET

Uslii Nicelikler

.o
W

Ogretmen Kilavuz Kitapcigi

Bu kitapgik, Uslii Niceliklerle ile ilgili olarak

o Aciklamalar

o Siire

e On Ogrenmeler
o Kazammlar

e Materyal

e Dersin Islenisi Boliimlerinden olusmaktadir.

Uslii Nicelikler Ogrenci Kitap¢igi da ekte verilmistir.
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Aciklamalar:

Asagida, Bilissel Yiikk Kuraminin, ‘galisilmig 6rnekler’, ‘boliinmiis dikkat’,
‘gereksizlik’ ve ‘bicem’ etkilerine gore hazirlanmis bir 6grenci kitapgigi
bulunmaktadir. Bu etkilerin aciklamalari, ‘Bilissel Yiik Kurami ilkeleri ve
Etkileri’ adli kitapgikta bulunmaktadir. Biligsel Yik Kuramina gore, bilgiyi
miimkiin oldugunca basit pargalara ayirma, 0grenciden mimkiin oldugunca
birden fazla seyi ayn1 anda anlamasini beklememe, kiiciik pargalar veya islem
dizeleri halinde konuyu sunma ve islemi ¢ozme beklenmektedir. Konunun
biitiiniinde bu ilkeler dikkate alinmalidir.

Kitapeik, Uslii Nicelikler konusunu igermektedir. Kitapeik, toplam ii¢ ders
saatinde islenecektir. Dersler, Uslii Nicelikler-1, Uslii Nicelikler-2 ve Uslii
Nicelikler-3 seklinde ayrilmustir.

Siire: 3 ders saati

On Ogrenmeler:

1. Tamsayilar

2. Tamsayilarda islemler

Kazanim:

Tam sayilarin kendileri ile tekrarli ¢arpimini iislii nicelik olarak ifade eder.
Materyal: Uslii Nicelikler Ogrenci Kitapgig

Dersin Islenisi:

Dersin basinda &grencilere 6. Smifta 6grendikleri Uslii Nicelikler
konusunda hatirladiklart sorulur. Ogrencilerden tanimlama yapma, ornekle
gbsterme gibi beceriler beklenebilir. Ogretmen, 6grencilere 6.sinifta
ogrendikleri Uslii Ifadeleri 7.simfta Tamsayilar igin kullanacaklarmi
soyleyebilir. Bu kisa girisin ardindan Uslii Nicelikler Ogrenci Kitap¢igi
dagitilir. Derse kitapcigin Uslii Nicelikler-1 bdliimiiniin girisinde anlatilan iislii
nicelik, Uis, kuvvet ve deger gibi kavramlarin tekrari ile baslanir ve dersin
basinda Ogrencilerin belirttigi tamimlarla ortiistiiriilir.  Onemli  bilgiler
boliimiinde bir saymnin sifirinct kuvveti ve birinci kuvveti ile ilgili bilgiler
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bulunmaktadir. Dersin ilk boliimii bu 6n 6grenmelere ayrilir. Daha sonra bu
boliimdeki 6rnekler incelenir. Dikkati bolmemek i¢in tahtaya herhangi bir sey
yazilmaz (boliinmiis dikkat). Ders tamamen calisilmis Ornekler iizerinden
islenip; hemen ardindan bir benzeri alistirma olarak 6grencilere ¢ozdiiriiliir. Bu
sekilde Ogrencilerin sema olusumuna katki saglayacagi diistiniilmiistiir.
Alistirmalar ¢oziiliirken 6grencilerin ¢6zme siiresi ve yanitlarinin dogruluguna
dikkat edilir.

Ikinci dersin basinda Ogrencilerden kitapeigin  Uslii  Nicelikler-2
boliimiinii agmalar1 istenir. Dersin basinda bir Onceki derste yapilanlar
hakkinda s6zel olarak hatirlatma yapilip; bu derste ilk olarak harflerle verilen
carpimlarin uslii nicelik olarak yazilacagi sdylenir. Bu bdliimde ilk 6rneklerde
harfler kullanilarak daha kavramsal 6grenmeler olusturulmaya calisilmistir.
Uslii Niceliklerin siralanmas: ile ilgili 6rneklerde hesaplama yapmadan
siralama yapildigi vurgulanmalidir. Orneklerde bulunan sayilarin kuvvetlerine
gore olusabilecek durumlar ¢ok iyi agiklanmalidir. Alistirmada da ayni sey
beklenmelidir. Ayrica tamsayilarin 6zelliklerinin kullanilmasi ile ilgili 6rnekler
ve alistirmalara yer verilmistir. Uslii nicelikler iceren islem &rnek ve
alistirmalara da yer verilmistir.

Biligsel Yik Kuramma goére Ogrenciler konu hakkinda deneyim
kazandiklarinda; orneklere devam etmek Ggrenciler iizerinde gereksiz yiike
sebep olmakta ve 6grenmeyi olumsuz yonde etkilemektedir. Bu sebeple li¢iincii
ders Ogrencilerin deneyim kazandiklar1 diisiiniilerek tamamen alistirmalara
ayrilmuistir. Uslii Nicelikler-3’de alistirmalar grenciler tarafindan ¢oziiliir.
Bunun i¢in 6grencilere gerekli zaman taninir. Daha sonra yanitlarin dogrulugu
kontrol edilir. G6zlem yapilarak destek isteyen dgrencilere yardimei olunur.

Kitapcigin bitiminde dagitilacak olan Biligsel Yiik Anketi, 68renciler
tarafindan doldurulacaktir.

Ogrencilere dagitilacak olan kitapcik ekte verilmistir.
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APPENDIX C

EXPERT OPINION FORM-1

Uzman Degerlendirme Formu

Saym ...

‘Biligsel Yiik Teoremi Etkilerine Gore Hazirlanmis Bir Dersin Ogrencilerin
Cebir Basarisina ve Bilissel Yiiklenmelerine Etkisi’ adli doktora tezimde 7.
Sinif diizeyinde Cebir Ogrenme Alaninda kullanilmak iizere
e Ogretmen Kilavuz Kitapgiklari ve
e Ogrenci Kitapciklar: gelistirilmistir.
Sizden, bu materyalleri
e Bilissel Yiik Kurami (Ilke ve Etkileri),
e Materyallerin agiklig1
e Anlasilirhigr ve
e Smif diizeyine uygunlugu
bakimindan incelemenizi ve degerlendirmelerinizi beklemekteyim.
Siif i¢i materyaller hakkinda verilen ifadeler icin asagidaki yoOnergeyi

kullaniniz.

Uygunluk | Ac¢iklama

Hi¢ uygun olmadigim1 ve tamamen degistirilmesi gerektigini
1 diisiiniiyorsaniz  bu  secenegi isaretleyiniz. Belirtmek istediginiz
diisiincenizi ve Onerinizi ‘Ag¢iklama’ siitununa yaziniz.

Genel olarak uygun oldugunu ancak bazi degisiklikler yapilarak daha

2 uygun hale gelecegini disiiniiyorsaniz bu segenegi isaretleyiniz.
Onerdiginiz diizeltmeleri liitfen ‘Aciklama’ siitununa yaziniz.
3 Tamamen uygun oldugunu diisiinliyorsaniz bu se¢enegi isaretleyiniz.
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Bilissel Yiik Kurami, Ilkeleri ve Etkileri hakkinda bir aciklama metni,
Ogretmen ve Ogrenci kitapgiklari ve uzman degerlendirme Olgegi ekte

verilmistir.

Degerli vaktinizi ayirdiginiz ve katkida bulundugunuz i¢in tesekkiirlerimi ve

saygilarimi sunarim.

Aygil TAKIR

ODTU Egitim Fakiiltesi

Egitim Bilimleri Boliimii

Program Gelistirme ve Ogrettim Anabilim Dali

Doktora Ogrencisi

EK-1: Bilissel Yik Kurami ve Etkileri
EK-2: Ogretmen ve Ogrenci Kitapgiklari
EK-3: Uzman Degerlendirme Olgegi
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Bilissel Yiik Kuramu, Ilkeleri ve Etkileri

Bilgi isleme siireglerinde, insanlarin sinirli ¢alisma bellegi ve sinirl
olmayan uzun siireli belleklerinin oldugu varsayilir. Miller’e (1956) gore
sinirsiz uzun siireli bellege karsin, calisan bellek organize etme, yapilandirma,
karsilastirma ya da kayit etme islemleri esnasinda bilgiyi hafizada tutma
acisindan bir anda en fazla yedi parca ya da ogeyle ilgilenebilmektedir.
Miller’in (1956) bu prensibi, sayisiz deneysel ¢alismalar ile genisletilmis ve
Biligsel Yiik Kurami (BYK) olarak yeniden tanimlanmistir (Clark, et al., 2005).

BYK’nin merkezinde, 6gretimi tasarlarken ¢alisan bellegin yapisinin ve
siirliliklarinin goéz 6niinde bulundurulmasi ve ¢alisan bellek kapasitesinin en
verimli sekilde kullanilmasi goriisii yer almaktadir (F Paas, et al., 2003). BYK,
gorsel ve isitsel bilgilerin kismen bagimsiz oldugu kisa siireli bellek ile uzun
stireli bellegin etkilesimine bagli olan bir biligsel mimariye dayanir (Kirschner,
2002).

BYK, konu dis1 yiikiin azaltilarak mevcut biligsel kaynaklarin etkili
olarak kullanimini saglayan &gretim yontemlerinin iizerinde durmaktadir (P
Chandler & Sweller, 1991; J. van Merriénboer & Sweller, 2005). Temelde,
ortaya cikan karmasik biligsel gorevlerin Ogrenilmesi ile ilgilenmekte ve
biligsel siirecler lizerinde durmaktadir (Paas, et al., 2004).

BYK, Ogrenenin biligsel siireglerinin bir sonucu olarak verimliligi
kanitlanmis dgretim ortamlarini olusturan evrensel grenme ilkeleridir (Clark,
et al., 2005).

1. BYK, tiim 6gretim tasarlayicilarinin kullanabilecegi olduk¢a detayli ilkeler
igerir.

2. Yapilmis olan deneysel ¢alismalarin iirliniidiir. Kanita dayanir.

3. Etkin O6grenme ortamlar1 saglar. Etkin Ogrenme ortamlari, daha iyi
O0grenme, daha hizli 6grenme veya daha iyi ve hizli 6grenme ortamlari

anlamina gelmektedir.
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4. BYK’na gore hazirlanmig 6grenme ortamlari, biligsel cabalari en aza
indirerek bu bilissel cabalar1 6grenmeyi st diizeye ¢ikaracak sekilde
diizenlemektedir.

Ozetlersek, BYK, calisan bellegin sinirli kapasiteye sahip oldugu ve asiri

yiiklenilirse 6grenmenin olumsuz yonde etkilenecegini savunmaktadir.

Bilissel Yiik Kavramm

Biligsel yiik kavrami, belirli bir 6grenme isinin 6grencinin biligsel
sistemi iizerinde olusturdugu baski seklinde ¢ok boyutlu bir yapi1 olarak
tanimlanabilir (Sweller, et al., 1998). Ayrica, belli bir zaman diliminde ¢alisma
bellegi tarafindan kullanilan kaynaklari ifade etmektedir.

Biligsel yiik kuraminda, 6gretim materyallerinin 6greneni ii¢ bagimsiz
biligsel yiik kaynagiyla etkiledigi one siirtilmektedir ((Paas, et al., 2004; F Paas,
et al., 2003; Sweller, et al., 1998): asil yiik (intrinsic load), konu dis1 yiik
(extraneous load/ineffective load) ve etkili ylik (germane load/effective load).

Asil yiik, konu dis1 yiik ve etki yiik, 68reneni etkileyen toplam calisan
bellek kapasitesini etkilemektedir. Bu nedenle bu ii¢ bilissel yiikiin toplami
calisan bellek kapasitesini agmamalidir (F Paas, et al., 2003).

Asil yiik, 6grenilmesi gereken igerikle ilgilidir. Ogrenilmesi zor olan
icerige bagli olarak calisma belleginde yiiklenmenin olmasidir. Bu yiik 6gretim
tasarimcisinin kontrolii disindadir.

Asil yiik, es zamanl olarak caligsan bellekte islenen 6gelerin sayisina ve
bunlarin birbirleriyle olan etkilesimlerine bagli olarak degismektedir (element
interactivity). Ornegin, matematik dersinde problem ¢ozmesi gereken bir
Ogrenci problemin o6gelerini birlikte ve es zamanl ise kogsmalidir. Bagka bir
deyisle problemle ilgili 6geleri anlayabilmek icin tiim Ogeleri es zamanl
bellekte tutmalidir.

Konu dis1 biligsel yiik, 1yi tasarlanmamis 6gretim materyalleri ve iyi

olmayan 6gretim tasarimi sonucunda ¢alisma belleginin yiiklenmesidir (J. van
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Merriénboer & Sweller, 2005). Konu dis1 biligsel yiik her zaman 6gretimi
tasarlayan kisinin kontroliindedir (Clark, et al., 2005). Yani tasarlanan 6grenme
ortami, uygun olmayan bilgileri ya da bilgi isleme silirecini olumsuz yonde
etkileyen diger materyalleri igeriyorsa konu dis1 yiik yiiksek olacaktir (J. van
Merriénboer & Sweller, 2005). Ogretimi taslarlarken amag ¢alisan bellekteki
yiikiin uygun diizeyde tutulmasidir.

Etkili yiik ise zihinsel yapilarin olusmasi ve diizenlenmesini saglayan
stireglerde ortaya c¢ikar (Clark, et al., 2005). Etkili biligsel yiik, sema
olusumuna yardimci olan ve dgrenme siirecini destekleyen yiiktiir. Ogrenene
sunulan icerigin tiiri ve 6grenme etkinlikleri etkili biligsel yiikiin diizeyini
belirlemede etkili faktorlerdir. Bununla konu disi yik Ogrenmeyi

engelleyebilirken, etkili yiik 6grenmeyi arttirabilmektedir.

Bilissel Yiikiin Dengesi

Biligsel yiikk {ic ana bilesene baghdir. Bu bilesenler icerik, on
ogrenmeler ve 6grenme ortamlaridir. Asil yiik, konu dis1 yiik ve etkili ytikiin
toplam1 ¢alisma belleginin kapasitesini agmamalidir (Clark, et al., 2005; F
Paas, et al., 2003). Bu ii¢ tiir yiikiin, ¢aligma belleginin kapasitesini agmamasi
icin  Ogretim  tasarimcilari, konu dist ylikii azaltmak gerektigini
vurgulamaktadir.

Konu dis1 yiik, asil yiik yliksek oldugunda bu iki tiir yilikiin birbirinin
izerine eklenmesi olduk¢a dnem tagimaktadir. Asil yiik diisiik oldugunda konu
dis1 ylikiin diizeyi, bu iki yilikiin toplami caligma belleginin kapasitesini
asmayacagindan, daha az 6nem tagimaktadir (Lorch & Lorch, 1996; Marcus, et
al., 1996). Dolayisiyla 6gretim tasarimcilari, 6grenilecek olan igerigin zor
olmasi durumunda biligsel yiikii azaltmak icin daha ¢ok c¢aba harcamak
durumundadirlar.

Konu dis1 yiikiin azaltilmasi, etkili yiik i¢in daha fazla yer kalmasini ve

zihinsel yapilarin olusturulabilmesi i¢in daha fazla caba harcanabilmesini
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saglamaktadir. Zihinsel yapilarin olugmasi ise asil yikiin azalmasini
saglayacaktir. Asil yiik, konu dis1 yiik ve etkili yiikiin hepsi birbirinin iizerine
eklendiginde toplamin ¢alisma belleginin kapasitesini asmamasi gerekir (Clark,
et al., 2005; Kirschner, 2002).

Konu dis1 yiikiin, 6gretim tasariminin etkili sekilde yapilandirilmasi ile
azaltilmasi, c¢alisma bellegindeki boslugun etkili yiike ayrilmasini saglar;
bdylece zihinsel yapilar daha rahatlikla olusabilir. Zihinsel yapilarin olugmasi
ile bir sonraki asamada asil yiik azalacaktir. Bu nedenle 6gretim tasarimi
stirecinde konu dis1 yikiin azaltilmasina yonelik ogretim teknikleri

gelistirilmeye ¢alisilmaktadir (Ebru Kilig, 2006).

Bilissel Yiik ve Ogretimin Verimliligi

BYK verimlilik ile ilgili bir kuramdir. Bu verimlilik iki degiskenle
tanimlanmaktadir: ogrenenin performansi ve bilissel yiikii (Clark, et al., 2005).
BYK’ya gore az zihinsel c¢aba ile yiiksek 6grenme saglayan ortamlar etkili
ogrenme ortamlar1 olarak tanimlanmaktadir. Performans, 6gretimin sonunda
uygulanan bir test ile Olgiiliirken; yiikk Olgtimii farkli teknikler ile
yapilabilmektedir. Gorev-Performans Temelli Olgiimler bireyin kendi bilissel
stireclerini dikkate alarak, bir 6grenme etkinligini yiiriitlirken ne kadar g¢aba
harcadigint bildirmesiyle yapilmaktadir. Paas ve Van Merriénboer (1993)
tarafindan gelistirilmis olan 9’lu derecelendirme o6lgegi (Subjective Rating
Scale) en sik kullanilan yiik 6l¢me aracidir.

Ogretimin verimliligi, performans testi ve bilissel yiik anketlerinde
bulunan puanlarin iki boyutlu grafige aktarilmasi ile hesaplanir. Eger

performans testi sonuglari bilissel yiikten biiyiikse dgretim etkindir denir.
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Biligsel Yiik Kuraminin Uygulanmasinda Kullamilan Etkiler

Konu dis1 yiikiin azaltilmasi i¢in yapilan arastirmalarda, bazi tasarim

ilkeleri gelistirilmistir. Bu ilkeler;

1. Calisilmis 6rnekler (Worked Examples Effect),

2. Yar1 Coziimlii Ornekler (Completion Example Effect),
3. Bolinmiis dikkat (Split Attention),

4. Gereksizlik (Redundancy Effect) ve

5. Bigcem etkisi (Modality Effect) dir.

Asil yiikiin sabit oldugu varsayilan durumlarda, konu dis1 yiikiin
azaltilmasinda kullanilan bu ilkeler etkili yiikiin artmasi ile sonuglanmaktadir
(Paas, et al., 2004).

BYK’ya goére sema olusumu ve otomasyon Ogrenmenin en temel
fonksiyonlaridir. Bilgiler uzun siireli bellekte semalar seklinde saklanmaktadir.
Semalar bir bilgiyi organize etmek i¢in kullanilan temel ¢ergeve niteligindeki
yapilardir (Sezgin, 2009). Semalarin gorevlerinden biri, bilginin diizenlenmesi
ve depolanmast i¢in bir isleyis saglamasidir. Bir bagka gorevi ise c¢alisan
bellegin yiikiinii azaltmaktir (Sweller, et al., 1998). Otomasyon sema
olusumunda 6nemli bir siirectir. Biitlin bilgiler hem bilingli olarak hem de
otomatik olarak islenmektedirler. Bunun sonucu olarak da ¢alisan bellek yiikii

minimum olmaktadir.

clat+d)
f g seklinde wverilen bir denklemin a igin ¢dziilmesi

istendiginde, 68rencinin konuyla ilgili semas1 onun problemi otomatik olarak
¢ozmesine ve boylece islem i¢in calisan bellegin yiikiinlin azalmasina neden
olur. Ancak bu tiir problemlerin ¢6ziimiinii yeni 0grenen Ogrenciler farkli
bicimlerde ¢ozmeye caligabilirler. Ciinkii semalar1 heniiz otomatiklesmemistir.
Ogrenciler problemi bilingli olarak ve de daha fazla ¢alisan bellek kapasitesi
kullanarak ¢ozmeye ¢alisacaklardir (Cooper & Sweller, 1987).

Calisilmis Ornekler etkisi, ¢ozlilmiis Orneklerin alistirmalarin yerine

kullanilmas: ile ilgili bir etkidir. Ogrenenlerin dikkati soru ¢dzmekten gok
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problemin kendisine ve ¢oziim asamalarina yonlendirilmelidir. Sweller ve
arkadaslarina gore (1987), ¢ok fazla alistirmanin ¢dzlilmesi 6grenme icin
etkisiz bir yontemdir. Matematik ogretiminde genellikle takip edilen yontem
gerekli olan bilginin 6grencilere sunulmasi, az sayida drnegin ¢oziilmesi ve cok
sayida alistirmanin 6grenciler tarafindan ¢oziilmesidir. Sweller ve Cooper’ a
(1985) gore oOgrencilerin konu hakkinda bilgi diizeylerine gore ornekler
kullanilmali ve sema olusumu tamamlandiktan sonra alistirmalara gecilmelidir.
Yar1 ¢oziimli orneklerde de, BYK’ya gore Ogrencilerin dikkatini problem
climlesine ve ¢Oziim adimlarina vermesini saglamaktadir. Yart ¢oziimli
ornekler, ¢alisilmis 6rneklerden alistirmalara 6zellikle zor konularda yumusak
bir gecis saglamaktadir (Clark, et al., 2005).

Boliinmiis dikkat etkisi, dgrencilerin, ayni algi kanalina hitap eden
farkl bilgilerin sunulmasi ile dikkatlerinin bdliinmesine bagli olarak, konu disi
yiikkiin artacagmi vurgulamakta ve bundan kagiilmasi gerektigi iizerinde
durmaktadir. Boliinmiis Dikkat etkisinde 6grenme icin birbiri ile biitiinlesmis
kaynaga ihtiya¢ duyulurken, bu bilgiler birbirinden ayri 6rnegin metin ve
grafik seklinde sunuldugunda 6grenme siireci etkili olmamaktadir. Bu sekilde
boliinmiis kaynaklarla sunulan bilgi biligsel yiikiin artmasina neden olmaktadir
(P Chandler & Sweller, 1991).

Bigem etkisi, yazili veya gorsel kanala hitap eden bir takim sekillere
dayanan bilginin aktariminda bilgi akisi yazili anlatimdan sozli anlatima
kaydirilmasi ile ilgilidir. Yapilan arastirmalara gore bilginin yazili olarak degil
de isitsel kanala hitap edilerek anlatilmasi 6grenmeyi artirmaktadir (Clark, et
al., 2005).

Gereksizlik ilkesi, aym1 bilgiyi hem yazili hem de sozli olarak
sunmanin gereksiz oldugunu belirtmektedir. Ilging ancak 6grenmeye katkisi
olmayan bir takim materyallerin 6gretimden ¢ikartilmas: gerekliligi iizerinde
durmaktadir (Clark, et al., 2005). BYK, oOgretimde az g¢oktur minimalist

yaklasimii Onermekte ve her zaman ilging bilgi, resim veya sema gibi
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materyallerin 6grenmeye ve biligsel motivasyona katkisi olmayacagini
belirtmektedir.

Ozetlersek, calisilmis ornekler, yar1 ¢oziimli drnekler ve boliinmiis
dikkat etkisi, konu dis1 yiikii azaltarak zihinsel yapilarin olusmasini saglayan
ilkelerdir. Bigem etkisi ve gereksizlik etkisi bilginin islenmesi i¢in mevcut

kapasiteyi en iyi sekilde kullanmay1 saglayan ilkelerdir.
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Ogretmen ve Ogrenci Kitapciklar1 Uzman Degerlendirmesi

Uygunluk Derecesi

Sinif I¢i Materyal

Aciklama

1.

Uslii Sayilar konusunda
hazirlanan 6gretmen kilavuzu
icerigi

Uslii Sayilar konusunda
hazirlanan 6n 6grenmeler
bolimii

Uslii Sayilar konusunda
hazirlanan 6rnekler

Uslii Sayilar konusunda
hazirlanan alistirmalar

Uslii Sayilar konusuna ayrilan
ders saati siiresi

Cebirsel Ifadelerle Toplama,
Cikarma ve Carpma konusunda
hazirlanan 6gretmen kilavuzu
icerigi

Cebirsel ifadelerle Toplama,
Cikarma ve Carpma konusunda
hazirlanan 6rnekler

Cebirsel Ifadelerle Toplama,
Cikarma ve Carpma konusunda
hazirlanan aligtirmalar

Cebirsel Ifadelerle Toplama,
Cikarma ve Carpma konusunda
hazirlanan etkinlikler

10.

Cebirsel ifadelerle Toplama,
Cikarma ve Carpma konusuna
ayrilan ders saati siiresi

11.

Sayr  Oriintiileri  konusunda
hazirlanan 6gretmen kilavuzu
icerigi

12.

Sayr  Oriintiileri  konusunda
hazirlanan 6rnekler

13.

Say1 Oriintiileri konusunda
hazirlanan alistirmalar

14.

Say1 Oriintiileri konusunda
ayrilan ders saati siiresi

15.

Denklemler konusunda
hazirlanan 6gretmen kilavuzu
icerigi

16.

Denklemler konusunda
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hazirlanan 6rnekler

17.

Denklemler konusunda
hazirlanan alistirmalar

18.

Denklemler konusunda
hazirlanan etkinlikler

19.

Denklemler konusunda ayrilan
ders saati siiresi

20.

Kartezyen Koordinat Sistemi
konusunda hazirlanan 6gretmen
kilavuzu icerigi

21.

Kartezyen Koordinat Sistemi
konusunda hazirlanan konu
anlatimi

22.

Kartezyen Koordinat Sistemi
konusunda hazirlanan o6rnekler

23.

Kartezyen Koordinat Sistemi
konusunda hazirlanan
alistirmalar

24.

Kartezyen Koordinat Sistemi
konusuna ayrilan ders saati
stiresi

25.

Denklemlerin Grafikleri
konusunda hazirlanan 6gretmen
kilavuzu icerigi

26.

Denklemlerin Grafikleri
konusunda hazirlanan konu
anlatimi

27.

Denklemlerin Grafikleri
konusunda hazirlanan 6rnekler

28.

Denklemlerin Grafikleri
konusunda hazirlanan
aligtirmalar

29.

Denklemlerin Grafikleri
konusuna ayrilan ders saati
stiresi

Eklemek istediginiz baska goriis veya onerilerinizi varsa liitfen buraya yaziniz.
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APPENDIX D

SAMPLE ITEMS OF
ALGEBRA ACHIVEMENT TEST

Matematik Dersi
Cebir Ogrenme Alani
Bagar1 Testi

. Asagida verilen isleminin sonucunu her bir adim1 gostererek bulunuz.

n= -1 ve k= -2 ise 2n? — 2k?* + nk =7

. Asagida kiigiik karelerle olusturulmus sekil Oriintiisii i¢in

H Py ) Py Py

Oriintiiyii say1 driintiisiine déniistiiriip genel terimini yaziniz.

. Oriintiiniin 40. adimdaki kare sayisin1 hesaplayip, yaziniz.

Yukaridaki  Oriintiintin,  kiigiik  kareleri  olusturan  c¢ubuklar ile
olusturuldugunu kabul ederek sekil oriintiisiinii say1 oriintiisiine doniistiiriip

genel terimini yaziniz.

. Oriintiiniin 40. adimdaki ¢cubuk sayisini hesaplayip, yazimz.
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3. Asagida verilen denklemlerde X aymidir. Buna gore & degerini,

islemlerinizi basamak basamak yazarak bulunuz.

-3x—4=2 ye px+2A =]

4. Asagida verilen esitliginin dogru olmasi i¢in ... yerine hangi cebirsel ifade

gelmelidir? (Islemlerinizi basamak basamak gdsteriniz)
-2x+1)=4 44
5. Kartezyen Koordinat Sisteminde, (a,b) noktasinda bulunan bir arag ii¢ birim

saga, iki birim yukar1 hareket ederek (-2a,3b) noktasina varmistir. Buna gore

(a.b) noktasinin koordinatlarini bulunuz.
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APPENDIX E

hesaplamamustir).

RUBRIC
Xy 0 1 2 3 4
e Hicbir sey yazmamistir. en ve k degerlerini verilen on ve k degerlerini on ve k degerlerini en ve k degerlerini
eSoruyu aynen yazip, ifadede dogru yerlestirmis denklemde yerlestirmis ve denklemde yerlestirip denkleme yerlestirmis;
¢Oziim yapmamuistir. ancak bagka islem kuvvetlerini dogru kuvvetlerini dogru kuvvetlerini dogru bir
en ve k degerlerini verilen yapmamistir. hesaplamig ancak hesaplamis; katsayilarile | sekilde hesaplamis; gereken
1 ifadede dogru en ve k degerlerini verilen katsayilar1 ile ¢arparken carpma islemlerini bitirip islemleri dogru bir sekilde
yerlestirmemistir. ifadede dogru yerlestirip en yanligliklar yapmistir. toplama veya ¢ikarmada yapmis ve dogru sonuca
az bir tanesinin kuvvetini hata yapmustir veya islemi ulagmustir.
dogru hesaplamustir. tamamlamamustir.
e Hicbir islem yapmadan
sonu¢ bulmustur.
eHicbir sey yazmamugtir. e Bir veya iki maddenin e Ug maddenin dogru veya e Hepsinin dogru veya o T{im maddelerin dogru
oT{im ifadelere yanlig karar | dogru ve yanlis olduguna | yanlis olduguna dogru karar | yanlis oldugunu dogru bir | veya yanlis olduguna dogru
vermistir. dogru karar verip yanlig verip yanlis olan sekilde belirtip yanlig karar vermis ve yanlig
2 olan maddelerin en fazla maddelerin en fazla birini olanlarin en fazla birini olanlarin ikisini de
birini agiklamistir. aciklamistir. agiklamusgtir. acgiklamistir.
eHigbir sey yazmamugtir. ea sikkini cevaplamadan b | ea sikkini dogru cevaplamis | ea sikkini dogru hesaplamis ea ve b siklarini1 dogru
3 o Oriintiiniin kuralin1 ve sikkinin sonucunu yazmistir | ancak b sikkinin sonucunu ancak b sikkinin cevabini cevaplamistir (6riintiiniin
@) 6.adimdaki sayiy1 yanlis (higbir islem yapmadan yanlig hesaplamistir veya bulurken hata yapmistir kuralin1 dogru bulup, 6.
bulmustur. veya yanlis kural yazarak hi¢ hesaplamamuigtir (6riintiintin kuralin1 dogru adimdaki say1y1 dogru
(b) 6.adimdaki say1y1 (6riintiiniin kurahm dogru bulup, 6. adimdaki say1y1 hesaplamustir).
yazmistir). bulup 6.adimdaki say1y1 hesaplarken hata yapmustir).
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eHic bir sey yazmamustir.

e a sikkini cevaplamadan b
sikkinin sonucunu yazmistir

ea sikkinda Oriintiiyii say1
oOriintiisiine dogru gevirmis

e a sikkini dogru bulmus
ancak b sikkinin cevabini

e a ve b siklarimi dogru
cevaplamustir (sekil

(higbir islem yapmadan ancak Oriintiiniin genel bulurken hata yapmistir Oriintiisiinii say1 Oriintiisiine
4 40.adimdaki kare sayisin1 | terimini yanlis yazmis veya (sekil oriintiistini say1 gevirip, Oriintliniin kuralini
(@) yazmistir). hi¢ yazmamis; b sikkinin orlintiisiine ¢evirip, dogru bulup; 40.adimdaki
ea sikkinda oriintiiyli say1 sonucunu da yanlig Oriintiiniin genel terimini kare say1sii1 dogru
(b) Oriintiisiine yanlig ¢evirmis bulmustur veya istenilen dogru bulmus ancak hesaplamustir).
ve genel terimi yanlig yontemle bulmamustir. 40.adimdaki kare sayisini
bulmustur. yanlig hesaplamistir).
e Hic bir sey yazmamustir. oc sikkini cevaplamadan d oc sikkinda Griintliyli say1 oc sikkini dogru bulmusg ea sikkindaki sekil
sikkinin cevabii yazmistir | Oriintiisiine dogru ¢evirmis ancak d sikkinda hata Oriintiisiinii say1 Oriintiisiine
(higbir islem yapmadan ancak Oriintiiniin genel yapmistir (sekil orlintlistinii | ¢evirip, Oriintiiniin kuralini
4 40.adimdaki ¢ubuk sayisin1 | terimini yanlis yazmis veya say1 Oriintiisiine gevirip, dogru bulup 40.adimdaki
(© yazmistir). hi¢ yazmamus; d sikkinin orlintlinlin kuralim1 dogru cubuk sayisini dogru
oc sikkinda oriintiiyili say1 sonucunu da yanlig bulmus ancak 40.adimdaki hesaplamustir.
(d) oOriintiisiine yanlis ¢cevirmis bulmustur veya istenilen cubuk sayisini yanlig
ve genel terimi yanlis yontemle bulmamustir. hesaplamistir).
bulmustur.
eHicbir sey yazmamugtir. e Hic islem yapmadan eParantezi dogru agip eParantezi dogru agip eParantezi acip benzer
eSoruyu aynen yazip, sonug¢ bulmustur. devam etmemistir. benzer terimleri bir araya terimleri bir araya getirmis
5 ¢Ozim yapmamistir. eParantezi yanlis acip getirirken hata yapmustir. ve sonucu dogru olarak
eTamamen yanlis sonug devamindaki islemleri de bulmustur.
bulmustur. yanlig yapmistir.
e Hicbir sey yazmamuigstir. eHic islem yapmadan eParantezleri dogru acip eParantezleri dogru acip eParantezleri acip benzer
eSoruyu aynen yazip, sonu¢ bulmustur. devam etmemistir veya benzer terimleri bir araya terimleri bir araya getirmis
6 ¢Oziim yapmamuistir. eParantezleri yanlis agip yanlig devam etmistir. getirirken hata yapmustir. ve sonucu dogru olarak
devamindaki islemleri de bulmustur.
yanlig yapmigtir.
eHicbir sey yazmamustir. | ®Modeldeki islemin carpma | ®eModeldeki islemin ¢arpma | eModeldeki islemin ¢garpma | ®Modeldeki islemin ¢arpma
7 eModeldeki islemi oldugunu fark etmis ancak | oldugunu fark etmis ancak

tamamen yanlig yazmigtir.

her iki ¢carpan1 da yanlis

islemi iki ¢arpan seklinde

oldugunu fark etmis ve
carpanlardan birinin

oldugunu fark etmis ve her
iki carpanin cebirsel
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o (Cozliimii yazmamustir.

yazmistir.

degil modelden okudugu
sekilde yazmustir.

cebirsel ifadesini dogru
yazmistir.

ifadesini dogru yazmustir.

eSoruyu aynen yazip,
¢0zUm yapmamistir.

e Birinci denklemde x’1
yanlis bulmus; sonucu

eBirinci denklemde x’1
dogru bulup; ikinci

eBirinci denklemde x’1
dogru bulup; ikinci

eBirinci denklemde x’1

e Yapilan iglemlerin higbiri
dogru degildir.

kullanip parantezi yanlis
acmigtir.

etmemis veya cebirsel
ifadeyi belirten ... yalniz
birakmaya ¢aligmamustir.

olusan yeni denklemde
cebirsel ifadeyi belirten ...
yalniz birakmaya ¢alismig
ancak sonucu hatali

bulmustur.

dogru bulup; ikinci
8 ikinci denklemde yerlestirip denklemde yerine denklemde yerine denklemde yerine
A °j yanls bulmustur. yerlestirmeyip & i yerlestirmis ancak yerlestirip & dogru
eHig islem yapmadan & ’ni bulamamugtir. A bulurken islem hatast bulmustur.
bulmustur. yapmistir.
o (Cozliimii yazmamustir. e Hic islem yapmadan e Dikdortgenin ¢evre e Dikdortgenin ¢evre e Dikdortgenin ¢cevre
eTamamen yanlis bir gevre sonu¢ bulmustur. formiiliine gore kenar formiiliine gore kenar formiiliine gore kenar
formiilii yazmustir. e Dikdortgenin ¢evre uzunluklarinin cebirsel uzunluklarinin cebirsel uzunluklarinin cebirsel
formiiliine gore cebirsel ifade toplamlarin1 dogru ifade toplamlarin1 dogru ifade toplamlarin1 dogru
9 ifadeleri yazmis ancak daha | yazip denklemi ¢ozerken yazip, benzer terimleri bir yazip, benzer terimleri bir
sonraki hicbir islemi hata yapmuistir. araya getirirmis, olusan araya getirirmis, olusan
yapmamistir. denklemi ¢6zmiis ancak denklemi ¢6zmiis ve uzun
uzun kenar1 bulmamustir. kenarin uzunlugunu
bulmustur.
o (Coziimill yapmamustir. eHic islem yapmadan eHer iki tarafi iki ile capip | eHer iki tarafi iki ile capip | eHer iki tarafi iki ile ¢apip
eSoruyu aynen yazip, sonu¢ bulmustur. olusan yeni denklemi dogru | olusan yeni denklemi dogru | olusan yeni denklemi dogru
10 ¢Oziim yapmamuistir. eHer iki taraf1 iki ile bir sekilde yazamamustir. bir sekilde yazmig ancak bir sekilde yazmis ve
carpmadan islem yapmaya devam etmemis veya ¢cOzmiistir.
calismig ve yanlis ¢Ozerken hata yapmustir.
¢Ozmiistir.
o (Coziimil yapmamustir. eHic islem yapmadan eDagilma 6zelligini eDagilma 6zelligini eDagilma 6zelligini
eSoruyu aynen yazip, sonu¢ bulmustur. kullanip parantezi dogru kullanip parantezi agip kullanip parantezi agip
¢Ozliim yapmamustir. eDagilma 6zelligini acmis daha sonra devam
11

olusan yeni denklemi ¢oziip
cebirsel ifadeyi dogru bir
sekilde bulmustur.
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12

eHic bir sey yazmamustir.
eTamamen yanlis sonug

o Gereken basamaklar
yazmadan denklemi

eDenklemi yazma
basamaklar1 dogru ancak

eDenklemi yazma
basamaklar1 dogru ancak

eDenklemi yazma
basamaklarini ve son halini

bulmustur. yazmistir. adimlarda hatalar yapmustir. son halini hatali yazmis dogru bir sekilde yazmustir.
veya yazmamistir.
e Hic bir sey yazmamustir. eBu denklem ile eYazilan problemin bir eProblem temelde dogru eYazilan problem verilen
13 coziilemeyecek bir problem | kismini verilen denkleme ancak eksiklikler vardir. denklem ile ¢oziilebilecek
yazmustir., gore dogru yazmistir. bir problemdir.
e Hic bir sey yazmamustir. eProblemi ¢6zmen igin e Denklemi dogru kurmus e Denklemi dogru kurmus eDenklemi dogru kurmus
14 gereken denklemi yanlig ama ¢6ziimii i¢in gereken ancak tamamini ¢6zmiig ve ¢Oziimii i¢in gerekli olan
yazmustir. ikinci adim1 yanlis ozellikle ikinci adimi ikinci adim1 yazmustir.
yazmistir. belirtmemistir.
eHic bir sey yazmamustir. e Uc birim saga, iki birim e Ug birim saga, iki birim eUc birim saga, iki birim e Uc birim saga, iki birim
yukar1 hareket ederek yukar1 hareket ederek yukar1 hareket ederek yukar1 hareket ederek
gelinen yeni koordinatlar gelinen yeni koordinatlar gelinen yeni koordinatlar gelinen yeni koordinatlari
15 yanlig yazmustir. dogru bulmus ancak (- | dogru yazmis ancak (- dogru yazmus (-2a,3b)
2a,3b) noktasi ile 2a,3b) noktasi ile esitleyip | noktast ile dogru bir sekilde
esitlememistir. ¢Ozerken hata yapmustir. esitleyip ¢ozmiistiir.
eHic bir sey yazmamustir. eiliskiyi dogrusallik olarak eiliskiyi dogru belirtmis eiliskiyi dogru belirtmis eiliskiyi dogru belirtip
eiliskiyi dogru degil bagka ifadeler denklemini yazmamustir. ancak denklemini yazarken | denklemini dogru yazmustir.
16 ~ belirtmemistir. kullanarak ifade etmis e Denklemini yazmis ancak hata yapmistir.
elliskiyi dogru belirtmemis denklemini eksik yazms iliskiyi belirtmemistir.
ve denklemini yanlig veya hi¢ yazmamustir,
yazmugtir.
eHic bir sey yazmamustir. ox cksenini kestigi noktayr | e x eksenini kestigi noktay1 | e x eksenini kestigi noktay1r | e x eksenini kestigi noktay1
ox’i kestigi noktay1 bulmak | bulmak i¢in denklemde y bulmak i¢in denklemde y bulmak i¢in denklemde y bulmak i¢in denklemde y
17 i¢in y yerine o yazmast yerine 0 yazmig ancak yerine 0 yazmig ancak yerine 0 yazip denklemi yerine 0 yazip denklemi
(@) gerektigini bilmiyor. denklemi ¢oziip x’i denklemi hatali ¢oziip x’1 ¢oziip x’1 bulmus ancak ¢oziip x’1 bulmus ve

bulmamustir.

farkli bulmustur.

noktay1 yazmamis veya
hatali yazmgtir.

noktay1 dogru bir sekilde
yazmistir.
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17
(b)

eHic bir sey yazmamustir.

ey’yi kestigi noktay1
bulmak i¢in x yerine o
yazmasi gerektigini
bilmiyor.

ey cksenini kestigi noktay1
bulmak i¢in denklemde x
yerine 0 yazmis ancak
denklemi ¢oziip y’i
bulmamustir.

e y cksenini kestigi noktay1
bulmak i¢in denklemde x
yerine 0 yazmis ancak
denklemi hatali ¢6ziip y’yi
farkli bulmustur.

o y cksenini kestigi noktay1
bulmak i¢in denklemde x
yerine 0 yazip denklemi
¢Oziip y’yi bulmus ancak
noktay1 yazmamis veya
hatali yazmustir.

o y cksenini kestigi noktay1
bulmak i¢in denklemde x
yerine 0 yazip denklemi
¢Oziip y’yi bulmus ve
noktay1 dogru bir sekilde
yazmistir.

17
(©

eHic bir sey yazmamustir.

ea veya b siklarinda
noktalar1 yanlis buldugu
icin grafigi yanlistir.

ox ve y y eksenlerini kestigi
noktalar grafik {izerinde
yanlis yerlestirmistir ve
yanlig bir grafik ¢izmistir.

ex ve y eksenlerini kestigi

noktalar grafik {izerinde
dogru yerlestirip grafik

¢iziminde hata yapmustir.

ox ve y eksenlerini kestigi
noktalar grafik tizerinde
dogru yerlestirmis ve
grafigi dogru bir sekilde
¢izmistir.
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Saymn ...

APPENDIX F

EXPERT OPINION FORM-2

‘Biligsel Yiik Teoremi ilkelerine Gére Hazirlanmis Bir Dersin, Ogrencilerin

Cebir Basarilarina ve Biligsel Yiiklenmelerine Etkisi’ adli doktora tezimde 7.

Sinif dgrencilerine, Cebir Ogrenme Alaninin bitiminde verilmek iizere bir

basari testi hazirlanmigtir. Bu bagari testini ve degerlendirme dlgegini

e Konulara uygunlugu;

e Kazanimlara uygunlugu;

e Simf Diizeyine Uygunlugu;

e Anlasilirhig ve

e Genel

goriinimii  agisindan  incelemenizi ve degerlendirmelerinizi

beklemekteyim.

Bagar1 testi ve dereceli degerlendirme 6lge8i hakkinda verilen ifadeler i¢in

asagidaki yonergeyi kullaniniz.
Uygunluk Agiklama
Hi¢ uygun olmadigim1 ve tamamen degistirilmesi gerektigini
1 diisiiniiyorsaniz  bu  secenegi isaretleyiniz. Belirtmek istediginiz
diisiincenizi ve Onerinizi ‘Ac¢iklama’ siitununa yaziniz.
Genel olarak uygun oldugunu ancak bazi degisiklikler yapilarak daha
2 uygun hale gelecegini disiiniiyorsaniz bu segenegi isaretleyiniz.
Onerdiginiz diizeltmeleri liitfen ‘Agiklama’ siitununa yaziniz.
3 Tamamen uygun oldugunu diisiiniiyorsaniz bu secenegi isaretleyiniz.

Cebir Ogrenme Alaninda bulunan konular, kazanimlar1 ve programa gore

sureleri

(smif i¢i materyaller hazirlanirken bu siirelerde degisiklikler

yapilmistir) uygulama, basari testi ve basari testi uzman degerlendirme 6lgegi,
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dereceli puanlama anahtar1 ve dereceli puanlama anahtar1 uzman

degerlendirme Olgegi ekte verilmistir.

Degerli vaktinizi ayirdiginiz ve katkida bulundugunuz igin tesekkiirlerimi ve

saygilarimi sunarim.

EK-1: Cebir Ogrenme Alani1 Konular1, Kazanim Listesi ve Siireleri
EK-2: Basar1 Testi ve Uzman Degerlendirme Formu

EK-3: Dereceli Puanlama Anahtar1 ve Uzman Degerlendirme Formu

Aygil TAKIR

ODTU Egitim Fakiiltesi

Egitim Bilimleri Boliimii

Program Gelistirme ve Ogretim Anabilim Dali

Doktora Ogrencisi
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Basar1 Testi Uzman Degerlendirme Formu

Soru Numarasi

Aciklama

4a

4D

10

11

12

13

14

15

16

17a

17b

17c
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Basar1 Testi Dereceli Puanlama Anahtar1 Uzman Degerlendirilmesi

Soru

Numarasi 1 2 3 Aciklama

1

2

3

4a

4b

10

11

12

13

14

15

16

17a

17b

17c
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APPENDIX G

SUBJECTIVE RATING SCALE-ENGLISH

How easy or difficult did you find the...?

Extrem | Very Easy | Rather | Neithe | Rather | Difficu | Very Extrem
ely easy easy r difficul | It difficul | ely
easy easy t t difficul
nor t
difficul
t
1 2 3 4 5 6 7 8 9
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APPENDIX H

SUBJECTIVE RATING SCALE-TURKISH

Verilen gorevi tamamlarken ne kadar gaba sarfettiniz?

Cok Cok Az Kismen | Neaz | Kismen | Fazla Cok Cok
¢ok az az az ne fazla fazla ¢ok
fazla fazla

1 2 3 4 5 6 7 8 9
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APPENDIX |

STUDENT QUESTIONAIRE

Cebir Ogrenme Alani
Ogrenci Goriis Anketi

Sevgili Ogrenciler;

Asagidaki anket, Cebir Ogrenme Alanindaki Uslii Ifadeler, Cebirsel Ifadelerle
Islemler, Denklemler, Kartezyen Koordinat Diizlemi, Denklemlerin Grafikleri
ve Oriintii ve Iliskiler konularinda uygulanan ders o6gretimi, kullanilan
materyaller ve yapilan etkinlikler ile ilgili olarak goriislerinizi almak tizere
hazirlanmistir. Higbir climlenin dogru veya yanlis cevabi yoktur.

Verilen ifadeleri dikkatlice okuduktan sonra;

1: Hi¢ katilmiyorum,

2: Katilmiyorum,

3: Ne Katilmiyorum Ne de Katiliyorum,

4: Katiliyorum,

5: Tamamen Katiliyorum

seceneklerinden size uygun olani (X) ile isaretleyiniz.

Sevgi ve saygilarimla ©
Aygil TAKIR

ODTU Egitim Fakiiltesi
Egitim Bilimleri Bolimii
Doktora Ogrencisi
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Goriisiintiz

Cebir Ogrenme Alanindaki

1

Hic¢
Katilmiyorum

2

Katilmiyorum

Ne
Katilmyyorum

Ne de

4

Kismen
Katiliyorum

Tamamen
Katiliyorum

Kullanilan 6gretim sekli,
konuyu iyi 6grenmeme

yardimei1 oldu.

Konularin 6gretim sekli ile

Ogrenirken zorlanmadim.

3. Konularin 6gretim seklinden
zevk aldim.

4. Kullanilan materyaller
(Ogrenci Kitapgiklar1 ve Cebir
Karolar), konuyu iyi
O6grenmeme yardimci oldu.

5. Materyalleri kullanirken
zorlanmadim.

6. Materyalleri kullanmaktan
zevk aldim.

7. Ders sonunda yapilan
etkinlikler konuyu iyi
O0grenmeme yardimci oldu.

8. Yapilan etkinliklerde
zorlanmadim.

9. Yapilan etkinliklerden zevk
aldim.

10. Grup ¢aligmalari konuyu iyi
O6grenmeme yardimci oldu.

11. Grup ¢aligmalarinda
zorlanmadim.

12. Grup ¢alismalarindan zevk
aldim.

13. Ders basinda yapilan
hatirlatmalar ve  sorulan
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sorular konuyu Ogrenmeme

yardimci oldu.

14.

Ders sirasinda yapilan sozel

aciklamalar konuyu

O6grenmeme yardimci oldu.

15.

Derste kullanilan ‘Calisilmig
Ornekler’ denilen  ¢oziimii
tamamen  verilmis  sorular
konuyu 6grenmeme yardimci

oldu.

16.

Coziimii eksik birakilmig ve
benim tamamlamam istenen
sorular konuyu &grenmeme

yardimci oldu.

17.

Bu konularin  6gretiminde
kullanilan o6gretim sekli ile

daha kisa siirede 6grendim.

18.

Bu konularin 6gretiminde
kullanilan 6gretim seklinin
diger Matematik konularinin
ogretiminde de kullanilmasini

isterim.

19.

Bu konularin  §gretiminde
kullanilan  6gretim  seklinin
diger derslerin 6gretiminde de

kullanilmasini isterim.
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Asagida verilen her bir soru i¢in goriislerinizi belirtiniz.

1. Derslerin 6gretimi ile ilgili olarak en ¢ok sevdiginiz ya da yararl

buldugunuz uygulama hangisiydi? Neden?

2. Derslerin 6gretimi ile ilgili olarak hi¢ sevmediginiz ya da yararsiz

buldugunuz uygulama hangisiydi? Neden?

3. Cebir konularmin 6gretiminde uygulanan konularin 6gretim seklini, daha
onceki konularin 6gretim sekli ile karsilagtirdiginizda bir farklilik sagladi

mi1? Liitfen agiklayiniz.

4. Bu ders 6gretim seklini Matematik dersinin diger konularinda veya diger
derslerinizde de gormek ister misiniz? Yanitiniz evet ise birkac¢ 6rnek verir

misiniz?

5. Eklemek istediginiz goriis ve diislinceleriniz varsa liitfen yaziniz.
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APPENDIX J

INTERVIEW SCHEDULE

Ogrenci Goriisme Formu

Amag:

Biligsel Yiik Kuram Etkileri’ne gére hazirlanmis olan Cebir Ogrenme Alam

derslerinin iglenisi ile ilgili olarak 6grenci diisiincelerini ortaya koymak.

Tarih:.../.../... Saat (Baglangi¢/Bitig) :................ [,

Giris

Merhaba, ismim Aygil TAKIR. ODTU Egitim Fakiiltesi, Egitim Programlar1 ve
Ogretim Anabilim dalinda doktora 6grencisiyim. Bilissel Yiik Kurami ilkelerine gore
hazirlanmis olan ve yakinda tamamladiginiz Cebir Ogrenme Alamindaki, Uslii
Nicelikler, Cebirsel ifadelerle Islemler, Denklemler, Kartezyen Koordinat Diizlemi,
Denklemlerin Grafikleri ve Oriintii ve iliskiler konular1 hakkinda, sizin goriislerinizi
almak iizere bir ¢aligma yapmaktayim. Katkilarimiz i¢in simdiden tesekkiir ederim.
Gorlismeye baslamadan once gorligmenin gizli oldugunu ve konusulanlari sadece
benim bilecegimi belirtmek isterim. Goriisme yapilan diger 6grenciler ile 6gretmeniniz
konusulanlart duymayacak veya okumayacaktir. Arastirma raporunda isminiz
kesinlikle kullanilmayacaktir.

Gorligmeye baglamadan 6nce sormak istediginiz herhangi bir soru varsa yanitlamak
veya belirtmek istediginiz diisiinceniz varsa dinlemek isterim.

Konugmalarimizi kaydedebilir miyim?

Goriismenin yaklasik 25-30 dakika siirecegini diisiiniiyorum. Izinizle baslamak

istiyorum.
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Goriisme Sorular:

1.

Ogretmeniniz her dersin basinda sorular sormus veya 6. Smnifta
ogrendiginiz konulardan hatirlatmalar yapmistir. Ogretmenizin derslere bu
sekilde baslamasi ile ilgili ne diisiiniiyorsunuz? Sizin i¢in yararli oldu mu?
Ne gibi yararlar1 oldu? Ornek verebilir misiniz?

Tiim konular, ¢alisiimis ornekler denilen ¢oziimii tamamen verilmis sorular
izerinden islenmis ve her bir 6rnegin ardindan bir benzeri sizlere alistirma
olarak verilmistir. Calisilmis 6rnekler hakkindaki goriisleriniz nelerdir?
Derslerin ~ 6gretiminde  ¢oziimiini  sizin  yapacagmiz  aligtirmalara
gecilmeden oOnce, ¢Oziimii eksik birakilmis ve sizin tarafinizdan
tamamlanmasi istenen sorular kullanilmistir. Bu alistirmalarin kullanilmasi
ile ilgili goriisleriniz nedir?

Osrenci Kitapciklari 'nmin ve Cebir Karolari’min stmf igi materyaller olarak
kullanilmas ile ilgili goriisleriniz nelerdir? Sizin igin yarali oldu mu?
Derslerin 6gretiminde Ogretmeniz dikkatinizi bdlmemek i¢in tahtaya
herhangi bir sey yazmamis ve dersi Ogrenci Kitapgiklari {izerinden
yiiriitmiistiir. Bu uygulama, konular1 daha 1yi 6grenmeniz i¢in yararl oldu
mu? Ne gibi yararlar1 oldu? Ornek verebilir misiniz?

Derslerin 6gretiminde konu hakkinda deneyim kazandiginiz diisiiniildiikten
sonra  etkinliklere yer verilmistir.  Etkinliklerin ders sonunda
uygulanmasmin Cebir konularin1 6grenmenize etkisi konusunda ne
diisiiniiyorsunuz? Basta olsa oOgrenmenizi farkli olarak etkiler miydi?
Liitfen agiklaymiz.

Cebirsel Ifadelerle Islemler ve Denklemler konularinmn bitiminde grup
caligmalarina yer verilmistir. Bu grup calismalar1 sizin ic¢in yararli oldu
mu? Neden?

Dersin tiim konularinin 6gretim seklini biitiiniiyle dikkate aldiginizda bu
sekilde daha kolay, daha iyi ya da daha kisa siirede 0grendiginizi
diistinliyor musunuz? Liitfen agiklayimiz.

Dersin tiim konularinin 6gretim seklini dikkate aldiginizda sevmediginiz ya
da yararsiz buldugunuz uygulamalar var miydi? Bunlart neden

sevmediginizi veya yararsiz buldugunuzu liitfen aciklayiniz.
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10. Ogretmeninizin daha énce kullandig1 6gretim sekillerini/yontemlerini, bu
konularin 6gretiminde kullandig1 6gretim ile karsilastirdiginizda, kullanilan
bu ders 6gretiminin daha iyi oldugunu diistindiigiiniiz yanlar1 nelerdir?

11. Bu ders 6gretim seklini, Matematik dersinin diger konularmin 6gretiminde
veya diger derslerinizin 6gretiminde de kullanilmasini ister misiniz?
Yanitiniz evet ise birka¢ érnek verir misiniz?

12. Eklemek istediginiz goriisleriniz var m1?

Zaman ayirdiginiz igin tesekkiir ederim. Iyi giinler.
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APPENDIX K

CATEGORIZATION OF INTERVIEW CODES UNDER THEMES

Revisions about Prerequisite
Learning at the Beginning of
Each Lesson

Worked Example Effect

Completion Example Effect

e Refresh memory
e  Spiral Curriculum

e Use for solving similar
question

e  Complete knowledge

e  Superior to straight practice
for learning

e  Better Learning

e  More easily solve the
problems

e  Step by step solution

e Increase cognitive
motivation

Better learn Algebra topics
Redundancy

Expertise reversal principle
Unnecessary repetition
Smooth transition to
problems

Classroom Materials

Split Attention

Modality Effect

e  Students’ Booklets

e  Algebra Tiles

e Positive opinion

e  Decrease the note taking

Concentrate on the lesson

Funny

e Good examples in
Students’ Booklets

e  Easily able to follow the
lessons

e  Focus attention

e  Avoid split attention

e  Less note taking

e  Easily able to follow the
lessons
e  Follow Students’ Booklets

Classroom Activities

Group Works

Efficiency of the Course

e  Timing of classroom
activities

e  Learners Gain Expertise

e  Cognitive Load

e End of Lessons Motivation
and morale

e  Gaining some skills about
the topic before doing the
classroom activities

e  Activities at the end after
the explanations or
demonstration of skills

e Number of the group
members

Novice Learners
Interactions

Crowded Classroom
Expert novice distinction
Like working classmates
Redundancy

Exhausting

Easier learning

Better learning

Learning in a short time
Learning mathematics easily

Disliked/Useless
Implementations

Evaluation of the Teaching
Method

Use of the Teaching Method
Designed by CLT Principles in
Other Mathematics Topics and
Courses

e  Problems instead of worked
examples

e  Worked examples
e  Less notes-taking
e Less cognitive load

e Natural Numbers

e  Geometry

e Equations

e  Exponential Numbers,
Algebraic Expressions
(Addition-Subtraction)

e  Computational courses
Statistics
Science and Technology

e English

e  Turkish
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APPENDIX L

COGNITIVE LOAD SCORES AND COGNITIVE LOAD CONDITIONS
OF EXPERIMENTAL AND CONTROL GROUP

Experiment Mean of CL Control Mean of CL
al Group CLS Condition Group CLS Condition
Stl 1,83 Low Stl 2,50 Low
St2 3,00 Low St2 5,33 High
St3 2,17 Low St3 5,00 High
St4 5,00 High St4 4,83 Low
Stb 2,33 Low Stb 6,33 High
St6 3,83 Low St6 2,00 Low
St7 7,83 High St7 7,33 High
St8 1,83 Low St8 3,33 Low
St9 4,50 Low St9 8,33 High
St10 4,67 Low St10 6,33 High
St11 1,67 Low St11 4,83 Low
St12 6,50 High St12 5,00 High
St13 3,00 Low St13 6,17 High
St14 3,83 Low St14 5,83 High
St15 5,83 High St15 5,17 High
St16 4,33 Low St16 5,33 High
St17 3,50 Low St17 5,33 High
St18 3,67 Low St18 5,00 High
St19 5,00 High St19 4,83 Low
St20 4,00 Low St20 5,33 High
St21 2,33 Low St21 4,83 Low
St22 4,83 Low St22 6,00 High
St23 2,50 Low St23 7,00 High
St24 4,83 Low St24 4,67 Low
St25 1,00 Low St25 4,67 Low
St26 2,33 Low St26 2,83 Low
St27 4,33 Low St27 5,33 High
St28 1,33 Low St28 4,67 Low
St29 4,00 Low St29 4,17 Low
St30 2,67 Low St30 7,33 High
St31 2,67 Low St31 5,00 High
St32 3,00 Low St32 5,00 High
St33 5,00 High St33 7,00 High
St34 3,67 Low St34 5,17 High
St35 6,83 High St35 3,83 Low
St36 2,50 Low St36 5,33 High
St37 1,67 Low St37 417 Low
St38 2,50 Low St38 1,67 Low
St39 3,17 Low St39 5,17 High
St40 3,67 Low St40 3,83 Low
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APPENDIX M

MULTIVARIATE NORMALITY TEST

Run MATRIX procedure:

Number of observations:
80

Number of variables:
2

Measures and tests of skew:

gl sgrt(bl) z(bl) p-value
AchScore  .6595 .6471 2.3763 .0175
LoadScor .1014 .0995 .3907 .6960

Measures and tests of kurtosis:

g2 b2-3 z(b2) p-value
AchScore  .2604 .1703 .6710 .5022
LoadScor -.4301 -.4778 -8413 .4002

Omnibus tests of normality (both chisq. 2 df):
D'Agostino & Pearson K sq Jarque & Bera LM test
Ksg p-value LM p-value

AchScore 6.0970 .0474 5.6791 .0585
LoadScor .8604 .6504 .8927 .6400

*hkkhkkkhkkhkkkhkikkhkkikikkikx Multlvarlate Sta'[IStICS *hkkhkkhkkikkhkkikkhikkikkik
Tests of multivariate skew:
Small's test (chisq)
Q1 df p-value
5.8553 2.0000 .0535
Srivastava's test
chi(blp) df p-value
6.2675 2.0000 .0436

Tests of multivariate kurtosis:

A variant of Small's test (chisq)
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VQ2 df p-value
1.1676 2.0000 .5578

Srivastava's test
b2p N(b2p) p-value
3.0143 .0370 .9704
Mardia's test
b2p N(b2p) p-value
8.1334 .1492 8814

Omnibus test of multivariate normality:

(based on Small's test. chisq)
VQ3 df p-value
7.0229 4.0000 .1347

Critical values (Bonferroni) for a single multivar. outlier:

critical F(.05/n) =13.60 df = 2. 77
critical F(.01/n) =16.24 df = 2. 77

5 observations with largest Mahalanobis distances:
rank =1 case# = 12 MahalDsq=  9.75
rank =2 case# = 10 Mahal Dsq=  8.81
rank = 3 case# = 34 MahalDsq= 7.14
rank =4 case# = 78 Mahal Dsq=  6.58
rank =5 case# = 5 MahalDsq=  6.57
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Plot of ordered squared distances

O chisg
12,00 — dsqg

10,00 —

00

o

0,00 2,00 4,00 6,00 8,00 10,00
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APPENDIX N

OBJECTIVES AND QUESTION NUMBERS

Kazanim Soru Numarasi
Tam sayilarin kendileri ile tekrarli carpimini islii nicelik 1
olarak ifade eder. 2
Say1 oriintiilerini modelleyerek bu oriintiilerdeki iligkiyi 3
harflerle ifade eder. 4 (a,b)
Cebirsel ifadelerle toplama ve ¢ikarma iglemleri yapar. Z
Iki cebirsel ifadeyi garpar. 7
8
Birinci dereceden bir bilinmeyenli denklemleri ¢ozer. 190
11
12
Denklemi problem ¢dzmede kullanir. 13
14
Iki boyutlu Kartezyen koordinat sistemini aciklar ve 15
kullanir.
Dogrusal denklemleri agiklar. 16
Dogrusal denklemlerin grafigini ¢izer. 17 (a,b,c)
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APPENDIX O

TURKISH SUMMARY

1. Giris

Biligsel Yiik Kurami (BYK) seksenli yillarda John Sweller 6nderliginde New
South Wales iiniversitesinde ortaya ¢ikmis; egitim psikolojisi ve Ogretim

tasariminda etkili olan bir kuramdir.

BYK, 6grenenlerin biligsel mimarisini temel almis kuramsal bir cercevedir
(Janssen, et al., 2010). Bu kuram calisan bellegin bilgiyi saklama ve isleme
yoniinden smirli kapasiteye, uzun siireli bellegin ise sinirsiz bir kapasiteye
sahip oldugunu kabul eder. BYK bu yapilarin simirliliklarimi ve kapasitelerini

g0z Oniine alan 6grenme ortamlar1 onermektedir.

Tanimindan da anlagilacagi lizere BYK diger 6gretim yontemlerinden farkl
olarak biligsel mimariye 6nem vermekte ve 6gretim tasarlanirken bu mimariyi
gdz Onlinde bulundurmanin etkin Ogretim tasarlamak i¢in Onemini

vurgulamaktadir.

Biligsel yiik ¢ok boyutlu bir yapi olarak ele alinmakta ve belirli bir 6grenme
isinin ~ Ogrencinin  biligsel  sistemi  {izerinde  olusturdugu  baski
olarak tanimlanmaktadir. Bilissel mimarideki ¢alisan ve uzun siireli bellekler,
biligsel yiikiin ii¢ sekilde ortaya ¢ikmasina yol agmaktadir. Bunlar asil yiik,
konu dis1 yiik ve etkili ylktiir. Eger 6grenilmesi gereken igerikle ilgili bir
yiikten bahsediliyorsa bu asil yiiktiir. Eger tasarlanan 6gretim veya dgrenme
stirecleri ile ilgili bir yiikten bahsediliyorsa bu yiik konu dis1 veya asil yiiktiir.

Tasarlanan 6grenme ortami, uygun olmayan bilgileri ya da bilgi isleme siirecini
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olumsuz yonde etkileyen diger materyalleri igeriyorsa konu dis1 yiikten;
zihinsel yapilarin olusmasi ve diizenlenmesini saglayan siirecler varsa etkili
yiikten bahsedilir. Bu ii¢ yiik arasindaki iliski dongii seklindedir. Konu dis1
yiik, 6gretim tasarim siirecinin etkili sekilde yapilandirilmasi ile azalir, ¢alisan
bellekteki bosluk etkili yiike ayrilir ve bdylece zihinsel yapilar rahatlikla
olusabilir. Zihinsel yapilarin olusmasi ile bir sonraki asamada asil yiik azalir.
Bu nedenle 6gretim tasarimi siirecinde konu dis1 yiikiin azaltilmasina yonelik

ogretim teknikleri gelistirilmeye ¢alisilmaktadir.

Biligsel yiiklenmeyi 6lgmek adina birgok teknikler kullanilmaktadir. Bu
calismada, insanlar kendi biligsel siireglerinin farkindadir ve harcadiklari
zihinsel ¢aba miktarin1 dogru sekilde rapor edebilirler sayiltisina dayanan 6znel
Olgme teknigi kullanilmigtir. Bu amagla, Paas ve van Merrienboer (1994)
tarafindan gelistirilen ‘‘¢ok, ¢ok diisiik yiik’’ten ‘‘¢ok, ¢ok yliksek yiik’e kadar

derecelendirme igeren 9’lu likert tipi 6lgek kullanilmistir.

BYK arasgtirmalarinda 6ne ¢ikan oOnemli bir konu o6gretimin verimliligini
hesaplamadir. Verimli 6grenme ortami, daha iyi 6grenmeyi, daha hizh
O0grenmeyi veya her ikisini de saglayan Ogrenme ortamlarma denir. Bu
yaklagimda, performans ve zihinsel ¢aba Olgiim sonuglar1 bir formiile dayali

olarak sayisal degere doniistiiriilmekte ve verimlilik hesaplanmaktadir.

Ogretim tasarimi siirecinde konu dis1 yiikiin azaltilmasma yonelik bir takim
deneysel calismalar sonucunda 6gretim teknikleri gelistirilmistir. Bu teknikler
BYK etkileri adin1 alip bu tezde kullanilanlar, ¢alisilmig 6rnekler, tamamlama
ornekleri, boliinmiis dikkat, bigem, gereksizlik, uzmanlik ve destek etkileridir.
BYK deneysel ¢aligmalara dayanan bu 6gretim teknikleri ile de diger 6gretim

yontemlerinden ayrilir.

Bu calismanin temel etkisi ¢alisilmis Ornekler etkisidir. Bu etki tamamlama
ornekleri ile birlikte kullanilarak c¢alisan bellekteki ylik azaltilmaya

calistlmistir. Bigem etkisi, yazili veya gorsel kanala hitap eden bir takim
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sekillere dayanan bilginin aktariminda, bilgi akiginin yazili anlatimdan sozlii
anlatima kaydirilmasi ile ilgilidir. Bu baglamda, bu ¢alismada sozlii anlatimlara
onem verilmistir. Gereksizlik ilkesi, ayni bilgiyi birka¢ formda sunmanin
gereksiz oldugunu savunmakta ve ilging ancak dgrenmeye katkist olmayan bir
takim materyallerin 6gretimden ¢ikartilmasi gerekliligi tizerinde durmaktadir.
Gereksizlik etkisi, 6gretim tasariminda olduk¢a onemli bir etkidir. Uzmanlik
etkisi, destek etkisi ile birlikte 6grencilerin 6grenme diizeyleri ile ilgili olan
etkilerdir. Ozellikle bu c¢alismadaki gibi karma basar1 diizeyine sahip
ortamlarda, calisilmig 6rnekler, tamamlama ornekleri ve alistirmalarin sirasiyla

kullanilmasi bu etkilerin kullanimina Ornektir.

Kisacasi, BYK, Ogretim tasarim etkilerini ve bilissel mimari ilkelerini

birlestirerek, bir¢ok 6grenme ortamina etkin bir sekilde uygulanabilir.

BYK, biligsel mimariye, ¢alisan bellek ve uzun siireli bellek yapilarina dikkat
edilmeden tasarlanan bir Ogretimin verimli olmayacagini savunmaktadir.
Biligssel mimarinin ilkelerini ve BYK’nin 6nerdigi etkiler dikkate alinarak
gelistirilen bu calismada amag, BYK ilkelerine gore gelistirilmis bir 6gretim
etkinliginin 7. sinif 6grencilerinin Cebir basarisina ve biligsel yiiklerine etkisini

incelemektir.

Bu calismanin bulgulart birgok acidan deger tasimaktadir. Ilkogretim
okullarinda su anda uygulanmakta olan matematik programi her cocuk
matematik Ogrenebilir ilkesine dayanmakta ve Ogrencilerin arastirma
yapabilecekleri, kesfedebilecekleri 6grenme ortamlar1 6nermektedir. Programin
yaklasimi olusturmaci olarak tanimlanabilir (Bulut, 2005; Babadogan & Olkun,
2006). BYK’ya gore oOgrenci merkezli olarak tasarlanmis olan &grenme
ortamlart ancak Ogrenciler konu hakkinda deneyim sahibi olduktan sonra
basarili olabilmektedir. Bagka bir deyisle sinif ici aktivitelerin ve grup
caligmalarinin ~ ders sonlarinda planlanmasinin ~ 6grenmeyi  artiracagi
belirtilmistir. Bu baglamda, olusturmaci yaklasimin BYK ilkeleri ile entegre

edilmesi daha etkin 6§renme ortamlari i¢in yarar saglayacaktir.
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Calismanin tiim materyalleri gelistirilirken ve uygulamalar sirasinda ‘‘az
coktur’> minimalist yaklasimina yer verilmistir. Bu yaklasim kolaylikla

olusturmaci 6gretim ortamlarina uyarlanabilir.

Tiirkiye’de sinif ortamlarinin basar1 yoniinden genellikle karma olmasi bazi
BYK ilkelerinin kullanilarak 6gretimin tasarlanmasinin énemini artirmaktadir.
Ornegin konu hakkinda deneyim sahibi olmayan bir dgrencinin ihtiyaglari ile
konu hakkinda deneyimi olan bir 6grencinin konuya yaklasimi oldukg¢a farkli

olacaktir.

Tatar ve Dikici’ye (2008) gore matematik dersinde 6grencilerin 6grenme giiglii
cekmelerinin sebeplerinden biri, 6n 6grenmelerindeki eksikliklerdir. BYK’1n
on oOgrenmelere verdigi Onem ile deneysel calismalara dayanan oOnerileri,
matematik Ogrenme Ogretme siliregleri icin etkili olabilir ve matematik

programina katki saglayabilir.

Calismanin yapildigi Cebir konusu hayatin her alaninda karsimiza ¢ikan,
matematigin 6nemli bir konusudur. Cebir 0Ogretiminin gelismesine katki
saglayacak her tiirlii calisma anlamli ve degerlidir. Cebir 6grenmede, Cebir’in
yapisindan, oOgrenci biligsel gelisiminden ve Ogretim yontemlerinden
kaynaklanan sorunlar vardir. BYK ilkelerine gore tasarlanmig dersler, Cebir
Ogretimine yeni bir yaklasim getirip, Ogretmenler ve program gelistirme

uzmanlar1 tarafindan kullanilabilir.

BYK ilke ve bir veya iki etki kullanilarak Cebir konusunda laboratuar
ortaminda gergeklesmis bircok calisma vardir. Bu caligmada ikiden fazla etki
kullanilmis ve ¢alisma gercek sinif ortaminda gergeklesmistir. Ayrica, BYK ile
ilgili olarak Tiirkiye’de yapilan ¢aligmalar genellikle ¢oklu ortamlar ile ilgili

olmustur. Bu ¢aligma sinif ortaminda yapilacak ¢alismalarin 6niinii agabilir.
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2. Literatiir Taramasi

Bu boliim, BYK ile ilgili olarak kuramsal agiklamalar1 ve ilgili arastirmalari

icermektedir.

Biligsel Yiikk Kurami (BYK), Miller (1956) tarafindan gelistirilen *‘bilgiyi
hafizada tutma agisindan, ¢alisan bellek bir anda en fazla dokuz parca ya da
ogeyle ilgilenebilmektedir ilkesine dayanmaktir’’. Bu ilke yapilan arastirmalar

ile gelistirilmis ve yeniden tanimlanarak Biligsel Yiik Kurami adini almgtir.

BYK, 6grencilerin islem agisindan sinirli olan bilissel kapasitelerini verimli bir
bicimde kullanarak yeni Ogrenmeler edinmesini saglayacak Ogretim

tasarimlarinin gelistirilmesiyle ilgilenmektedir.

BYK’nin merkezinde dgretim tasarlarken c¢alisan bellek yapisit ve sinirliliklar
g6z Oniinde bulundurulmali ve calisan bellek kapasitesi en verimli sekilde
kullanilmalidir goriisii yer almaktadir. Bilginin ¢alisan bellegin siirliliklart
gdz Oniine almarak uzun siireli bellekte etkin bir sekilde saklanmasi

amagclanmistir.

BYK’a gore insanlar, sinirli olan ¢alisan bellege ve siirli olmayan uzun siireli
bellege sahiptirler ve belli problemlerin ¢oziimiinde kullanmak ig¢in zihinsel
yapilar gelistirirler. Zihinsel yapilarin gelistirilmesi sonucunda ¢aligan bellek
tizerindeki yiik azalir. Bu nedenle 6grenme-6gretme siireglerinin amaci,

ogrencilerin zihinsel yapilarini gelistirmelerine yardim etmek olmalidir.

Biligsel yiikk kuraminin amaci, yeni 0gretim yontemleri gelistirerek, ¢alisan
belleginin kapasitesinin etkili bir sekilde kullanilmasini saglamak oldugundan,
Ogretim tasarimi siirecinde odaklandig1 nokta, ¢alisan bellek ve bu bellegin
smirliliklaridir. Hitch ve Baddeley’in (1974) calisan bellek modeline gore
calisan bellekte iki alt sistem vardir. Bunlardan birincisi yazili metin ya da

resim gibi gorsel bilgilerin algilandig1 gorsel alt sistem digeri ise sdzel metin
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ya da miizik gibi sesli bilgilerin algilandig1 sozel alt sistemdir. Bu model 2000

yilinda ‘¢oklu modlu béliimsel arabellek’’ sistemi eklenerek genisletilmistir.

Bilissel yiik ¢ok boyutlu bir yap1 olarak belirli bir 6grenme isinin 6grencinin
biligsel sistemi iizerinde yaptig1 baski olarak tanimlanmaktadir. Ug tiir bilissel

yiik vardir: asil yiik, konu dis1 yiik ve etkili yiik.

Asil yiik, 6grenilmesi zor olan igerige bagl olarak ¢alisan bellege yliklenmenin
olmasidir. Eger sunulan bilgi karmasiksa asil yiik, yiiksek olmaktadir. Konu
dis1 biligsel yiik ise, iyi tasarlanmamis 6gretim materyalleri ve iyi olmayan
Ogretim tasarimi sonucunda c¢alisan bellege yiiklenilmesidir. Tasarlanan
O0grenme ortami, uygun olmayan bilgileri ya materyalleri igeriyorsa konu dist
yik yiiksek olmaktadir. Etkili ylik ise zihinsel yapilarin olugmasi ve
diizenlenmesini saglayan siireclerde ortaya ¢ikar. Konu dis1 ve etkili yiik
Ogretim tasarimindan etkilenir ve dgretim tasarimcilarinin kontroliindedir. Bu
tic ylik arasindaki iliski bir dongii seklindedir. Konu dis1 yiikiin, 6gretim
tasarimi  siirecinin etkili sekilde yapilandirilmasi ile azalmasi, calisma
bellegindeki boslugun etkili yiike ayrilmasini saglamakta ve boylece zihinsel
yapilar daha rahatlikla olusabilmektedir. Zihinsel yapilarin olusmas: ile bir
sonraki asamada asil yiik azalmakta ve bu nedenle 6gretim tasarimi siirecinde
konu dis1 yiikiin azaltilmasina yonelik 6gretim teknikleri (BYK etkileri)
gelistirilmeye calisilmaktadir .

Biligsel yiik yapisini etkileyen faktorler nedensel ve degerlendirme olmak
tizere iki temel baslik altinda aciklanmaktadir. Nedensel faktorler 6grenme
isini, Ogrenci Ozelliklerini ve is 1ile Ogrenci oOzelliklerinin etkilesimini
icermektedir. Nedensel faktorler ise zihinsel yiik, zihinsel ¢aba ve performans
kavramlariyla agiklanmaktadir. Biligsel sisteminde olusan baski zihinsel
yiik olarak tanimlanmaktadir. Zihinsel yiike maruz kalan 6grencinin belirli bir
is i¢in bilissel kapasitesini kullanarak sarf ettigi emek ise zihinsel ¢aba olarak

tanimlanmaktadir. Zihinsel ylike maruz kaldiginda biligsel kapasitesinin bir
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kismini ya da tamamini zihinsel ¢aba olarak harcamakta ve bunun sonucunda

ulastig1 6grenme diizeyi ise onun performans miktarini géstermektedir.

Bilissel yiik dl¢iimiiniin degisik kaynaklarda analitik ve deneysel olmak {izere
iki yonteme dayali olarak yapilabilecegi vurgulanmaktadir. Biligsel yiik
Olctimii ile ilgili teknikler 6znel, fizyolojik ve performans olmak iizere fi¢
baslik altinda toplanmaktadir. Oznel teknikler, “insanlar kendi bilissel
stireglerinin farkindadir ve harcadiklar1 zihinsel caba miktarin1 dogru sekilde
rapor edebilirler” sayiltisina dayanmaktadir. Fizyolojik teknikler ise bilissel
fonksiyonlar, fizyolojik Olciimlerle tespit edilebilir kabuliine dayanmaktadir.
Fizyolojik teknikler zihinsel caba miktarini belirleyebilmek icin denegin kalp
atis orani, beyin ve g6z hareketleri 6l¢mektedir. Bilissel yiik 6l¢iimiinde
performans, Ogrencinin performansi Ogretim ya da Ogretim sonrasi sinav

asamasinda Ol¢iilebilmektedir.

Oznel tekniklere dayanan zihinsel ¢aba olciimii ilk defa Paas ve Van
Merrienboer (1994) tarafindan gerceklestirilmistir. Paas ve Van Merrienboer
(1994) zihinsel ¢aba diizeyini 6lgmek amaciyla, verilen isin zorluk derecesini
belirlemeye yarayan olgegi zihinsel ¢aba lgiimiinde kullanmiglardir. Olgekte
deneklerin zihinsel ¢aba algilarin1 yansitmalari i¢in 1°den 9’a kadar, “cok, ¢ok
diisiik zihinsel ¢caba” dan “cok, ¢ok yiiksek zihinsel ¢aba” ya dogru segenekleri

olan 6lgegi kullanmislardir.

Ogretimin verimliligi ilk kez Paas ve Van Merrienboer (1994) tarafindan
kullanilmis olan 6gretim durumlarinin birbirine oranla verimlilik diizeylerini
karsilastirmaya yarayan bir dlgme yontemidir. Ogretim durumlarmin verimlilik
diizeyinin degerlendirilmesinde test puani ya da 6grenme diizeyi ve Ogrencinin
zihinsel ¢aba diizeyi degisken olarak kullanilmaktadir. Her bir denegin zihinsel

caba ve performans degerleri z-puanina dayali olarak standart puan cinsine

_ Zyerformans — Lhilissel vak

cevrilip bu puanlar v2 formiiliine yerlestirilerek
Ogretim verimliligi hesaplamasi yapilmaktadir. Verimlilik yaklagimina gore;

eger 0grenme diizeyi z-puami zihinsel ¢aba z-puanindan biiyiikse hesaplanan
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verimlilik pozitif; kiiciikse verimlilik negatif deger almaktadir. Diger taraftan
O0grenme diizeyi zihinsel c¢aba puanma esitse verimlilik sifir olarak

bulunmaktadir.

Bilissel Yiik Kurami Etkileri O0gretim tasarimi siirecinde konu dis1 yiikiin
azaltilmasina yonelik 6gretim teknikleri saglamaktadir (Sweller, 2008). Bu
tezde kullanilan etkiler calisilmis Ornekler, tamamlama ornekleri, boliinmiis

dikkat, bigem, gereksizlik, uzmanlik etkisi ve destek etkisidir.

Calisilmis  oOrnekler etkisi, ¢oziilmiis Orneklerin  alistirmalarin  yerine
kullanilmas: ile ilgili bir etkidir. Ogrenenlerin dikkati soru ¢ozmekten gok
problemin kendisine ve ¢Oziim asamalarina yonlendirilmeli ilkesine
dayanmaktadir. Sweller ve Cooper’ a (1985) gore 6grencilerin konu hakkinda
bilgi diizeylerine gore ornekler kullanilmali ve sema olusumu tamamlandiktan
sonra alistirmalara gec¢ilmelidir. Tamamlama Ornekler, BYK’ya gore
ogrencilerin dikkatini problem ciimlesine ve ¢dziim adimlarina vermesini
saglamaktadir. Tamamlama Ornekleri, c¢alisilmis Orneklerden alistirmalara

ozellikle zor konularda yumusak bir gecis saglamaktadir.

Bolinmiis dikkat etkisi, 6grencilerin, ayni algiya hitap eden farkli bilgilerin
sunulmas1 ile dikkatlerinin boliinmesine bagli olarak, konu dis1 yiikiin
artacagini vurgulamakta ve bundan kag¢inilmasi gerektigi tizerinde durmaktadir.
Boliinmiis dikkat etkisinde 6grenme icin birbiri ile biitiinlesmis kaynaga ihtiyag
duyulurken, bu bilgiler birbirinden ayri1 sunuldugunda 6grenme siireci etkili
olmamaktadir. Bu sekilde boliinmiis kaynaklarla sunulan bilgi biligsel yiikiin

artmasina neden olmaktadir.

Bigem etkisi, yazili veya gorsel kanala hitap eden bir takim sekillere dayanan
bilginin aktariminda bilgi akis1 yazili anlatimdan s6zlii anlatima kaydirilmasi
ile ilgilidir. Yapilan arastirmalara gore bilginin yazili olarak degil de isitsel

kanala hitap edilerek anlatilmasi 6grenmeyi artirmaktadir (Clark, et al., 2005).
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Gereksizlik ilkesi, aymi bilgiyi birka¢ formda sunmanin gereksiz oldugunu
savunmaktadir. Ilging ancak &grenmeye katkisi olmayan bir takim
materyallerin 6gretimden ¢ikartilmasi gerekliligi tizerinde durmaktadir (Clark,

et al., 2005).

BYK 6grencilerin konu hakkindaki bilgi ve deneyim seviyelerinin &gretimi
tasarlarken Onemli faktorler oldugunu Onermektedir. Uzmanlik etkisi
adlandirilan bu etki gereksizlik ilkesi ile yakindan iliskilidir. Konu hakkinda
deneyim sahibi olmayan &grenciler i¢in gerekli olan bir bilgi, deneyim sahibi

ogrenciler icin gereksiz olabilir.

Calisilmis  Ornekler-alistirma  birlikteligi olan derslere, uzmanlhk etkisi
eklenince yeni bir BYK etkisi ortaya ¢ikmaktadir: destek etkisi. Bu etki
ozellikle karma 6n O0grenme seviyesine sahip olan simiflarda, her diizeyden
(dusiik, orta, yiiksek) bilgiye sahip olan Ogrenciler i¢in Ogretimin
tasarlanmasin1 6nermektedir. Ders ¢alisilmis 6rneklerle baslamali, tamamlama
ornekleri ile devam etmeli ve daha sonra tamamen alistirmaya gegerek

kademeli olarak ilerlemelidir.

Diinyada BYK ile ilgili aragtirmalara baktigimizda Sweller ve Cooper’in
(1988) problem ¢ozme ile ilgili olarak gerceklestirdigi arastirma ilk olarak
sayilir. Bu arastirmada problem ¢ozmede daha Onceki Orneklerin
kullanilmasinin genelleme yapmaya yardimei olup olmadigini arastirmiglardir.
Arastirma bulgulari, Onceki Orneklerin daha sonraki problem ¢6zme
performansini artirdigini gostermektedir. Bu aragtirma problem ¢ézmede 6rnek
vermenin Onemi vurgulanmig ve c¢alisilmig Orneklerle ilgili olarak
arastirmalarin baglamasini saglamistir.

Zhu ve Simon (1987) geceklestirdikleri boylamasina arastirmada calisilmig
ornekler kullanarak {i¢ yilda tamamlanan matematik programin iki yilda daha

yiiksek 6grenci performansi ile tamamlamiglardir.
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Paas (1992) yaptig1 arastirmada tamamen veya kismen tamamlanan 6rnekler ile
tasarlanmis bir 6gretimin yiiksek 6grenci basarisina ve diisiik bilissel yiike yol
actigimi bulmustur. Carroll (1994)’da verilen problemlerin cebirsel olarak
yazilmasi ile ilgili caligmasinda, ¢alisilmis Ornekler sayesinde Ggrencilerin
daha az hata yaptiklarin1 ve G6gretmenlerinden daha az destek istediklerini

ortaya ¢ikarmistir.

Boliinmiis dikkat ile ilgili olarak yapilan arastirmalara genellikle fen ve
matematik egitimi ile baglamistir. Tarmizi ve Sweller (1988) geometri sorulari
tizerinde yaptiklart arastirmada boliinmiis dikkat etkisini ¢alisilmis orneklerle
birlikte kullanmislardir. Geometri sorularinda sekil ile agiklamasinin bir arada
yazilmasin1 ve ¢Oziilmiis orneklere yer verilmesinin geleneksel soru ¢ézme

yontemine gore daha yiiksek 6grenci basarist sagladigi bulunmustur.

Mousavi ve digerleri de (1995) geometri konusunda boliinmiis dikkat ve bigem
etkilerini birlikte kullanmislardir. Arastirma sonuglar1 isitsel olarak sunulan
icerigin  gorsel sekilde sunulan igerige gore daha etkili oldugunu

gostermektedir.

Kalyuga ve digerleri (2001) uzmanlik etkisi ile ilgili olarak yaptiklar
arastirmada, calisilmis orneklerin konu hakkinda deneyimsiz 6grenciler i¢in
yararli, ancak deneyimli oOgrenciler i¢in yararsiz oldugunu ortaya
¢ikarmiglardir. Bu ¢alismanin sonucunda calisilmig 6rneklerin yeni bir konu
ogretildigi zaman baslangigta faydali oldugunu, ancak 6grenciler deneyim
kazandikc¢a alistirmalara yer verilmesi gerektigini vurgulamislardir. Yukarida
belirtildigi gibi destek etkisi, uzmanlik etkisi ile iligkili bir etkidir. Bu etki ile
ilgili yapilan ¢alismalarda da benzer sonuglar bulunmustur. Tiirkiye’de Kilig
(2006), Kablan and Erden (2008) ve Sezgin (2009) tarafindan yapilan
caligmalara bakildiginda c¢oklu ortamlar i¢in BYK ilke ve etkilerine gore
dersler gelistirildigini ve deneysel c¢alismalarla bu derslerin verimliliginin
ortaya konuldugu goriiliir. Tiim bu caligmalarda, BYK ilke ve etkilerine gore

tasarlanmig ¢oklu ortamlar lehine anlamli farklilik bulunmustur.
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3. Yontem

Bu boliimde arastirma deseni, arastirma sorulari, arastirmada kullanilan
degiskenler, aragtirmanin hipotezleri, uygulamanin tanitilmasi, arastirmanin
kapsami, katilimct 6zellikleri, veri toplama araglar1 ve siireci, verilerin analizi,

sinirliliklar ve aragtirmanin gegerliligi boliimlerine yer verilmistir.

Arastirmanin Deseni

Biligsel Yik Kurami (BYK) ilkelerine gore gelistirilmis bir Ogretim
etkinliginin 7. sinif 6grencilerinin Cebir basarisina ve bilissel yliklerine etkisini
incelemek tlizere gerceklestirilen bu calismada yari-deneysel arastirma deseni
kullanilmistir. Arastirmanin bagimsiz degiskeni, deney grubunda uygulanan
BYK ilkelerine gore hazirlanmig dgretim; bagimli degiskenler ise dgrencilerin

Cebir basarisi ve biligsel ylikleri olarak belirlenmistir.

Arastirma, 2010-2011 &gretim yilinda, Istanbul Kagithane’de bulunan bir
devlet okulunda toplam 6 hafta slrmiistiir. Calismaya deney ve kontrol
gruplarindan 40’ar 6grenci olmak iizere toplam 80 Ogrenci katilmigtir. Siiflar
Ogretim yili basinda okul idaresi tarafindan olusturulmus; dolayist ile
katilimcilarin ~ evrenden tesadiifi atama yoluyla belirlenme durumu

saglanamamustir. Gruplar, basar1 ve cinsiyet agisindan karmadir.

Deney ve kontrol gruplariin denkligini saglamak amaciyla deney ve kontrol
gruplar1 arasinda gecen yilin Matematik puanlari agisindan anlamli bir fark
olup olmadig t-testi araciligiyla kontrol edilmis ve iki grup arasinda anlaml
bir fark bulunmadig: tespit edilmistir. Her iki grupta aym ders icerigi farkl

Ogretim yontemleri ile islenmistir.

Arastirma alt1 Cebir iinitesinde uygulanmistir. Bunlar, Uslii Nicelikler, Cebirsel
ifadelerle Islemler, Denklemler, Kartezyen Koordinat Diizlemi, Birinci

Dereceden Bir Bilinmeyenli Denklemlerin Grafikleri ve Oriintii ve iliskiler
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{initeleridir. Her bir iinite ‘‘Ogretmen ve Ogrenci Kitapgiklar’> arastirmaci
gelistirmistir. Her bir {nitenin sonunda deney ve kontrol grubundaki
Ogrencilerin  biligsel yliklerini belirlemek amaciyla Paas ve Van
Merrienboer (1993) tarafindan gelistirilen Bilissel Yiik Olcegi (BYO)
kullanilmistir. Uygulamanin sonunda ise Ogrencilerin Cebir bagarisini
belirlemek amaci ile arastirmaci tarafindan gelistirilen Cebir Basar1 Testi
(CBT) deney ve kontrol gruplarina uygulanmistir. CBT’in pilot calismast
Istanbul’da bulunan ii¢ devlet okulunda gerceklestirilmistir. Yine uygulama
sonunda deney grubu dgrencilerinin goriislerini belirlemek amaciyla Ogrenci
Goriis Anketi (OGA) kullanilmustir. Ders basarilar1 goz oniinde bulundurularak
secilen toplam 12 6grenci ile uygulama sonunda goriismeler yapilmistir.
Goriisme Formu (GF), OGA sorularina paralel olarak hazirlanmis 12 adet yari

yapilandirilmis sorudan olugmustur.

Arastirma Sorulari

Arastirmanin amaci, Biligsel Yikk Kurami1 (BYK) ilkelerine gore gelistirilmis
bir 6gretimin etkinliginin 7. smif 6grencilerinin Cebir basarisina ve bilissel
yiikleri lizerine etkisini incelemektir. Buna gore, aragtirma sirasinda su sorulara

yanit aranmaya c¢alisilmistir:

1. Bilissel Yiikk Kurami (BYK) ilkelerine gore gelistirilmis 6gretimin
ogrencilerin Cebir basarilarina ve bilissel yiiklerine anlamli bir etkisi var

midir?

2. Biligsel Yikk Kurami (BYK) ilkelerine gore gelistirilmis Ogretimin
uygulandig1 gruptaki 6grencilerin verimlilik puanlar1 ile MEB Onerilerine
gore gelistirilmis 6gretimin uygulandigi gruptaki 6grencilerin verimlilik

puanlar1 arasinda anlamli bir farklilik var midir?

3. Biligsel Yik Kurami (BYK) ilkelerine gore gelistirilmis Ogretimin

uygulandig1 gruptaki 6grencilerin uygulamaya iliskin algilari nelerdir?
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Hipotezler

Aragtirma sorular1 dogrultusunda belirlenen hipotezler sifir hipotezi formatinda

asagida belirtilmistir:

Sifir Hipotezi 1.1: Biligsel Yiik Kurami (BYK) ilkelerine gore gelistirilmis
ogretimin 6grencilerin Cebir basarilarina ve bilissel yiiklerine anlamli bir etkisi

yoktur.

Sifir Hipotezi 2.1: Biligsel Yik Kurami (BYK) ilkelerine gore gelistirilmis
Ogretimin uygulandig1 gruptaki 6grencilerin verimlilik puanlart ile MEB
tarafindan gelistirilmis 6gretimin uygulandig1 gruptaki 6grencilerin verimlilik
puanlart arasinda anlamli bir farklilik yoktur.

Degiskenler

Aragtirmada biri bagimsiz, ikisi bagimli olmak iizere toplam ii¢ degisken

kullanilmugtir.

Bagimsiz Degisken: Uygulama (6gretim metodu): Deney grubunda uygulanan
BYK ilkelerine gore hazirlanmig 6gretim, kontrol grubunda uygulanan MEB
tarafindan gelistirilmis 6gretim.

Bagimli Degiskenler: Ogrencilerin Cebir Basaris1 ve Biligsel Yiikleri.

Ortam Yapisi

Calismanin yiiriitiildiigli okul, diisiik sosyo-ekonomik yapiya ait bir bolgede,

bir sivil toplum o6rgiitii tarafindan yapilmistir. Okul, su an, bu 6rgiitten herhangi
bir destek almamaktadir. Okul, fiziki olarak oldukca yetersiz sartlara sahiptir.
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Calismanin uygulamasina goniillii iki matematik 6gretmeni katilmistir. Her iki
O0gretmende bayan olup, 4 yillik egitim veren ilkogretim matematik
O0gretmenligi programindan mezundurlar. Deney grubunda bulunan 6gretmen 5
yillik, kontrol grubundaki 6gretmen ise 4 yillik mesleki deneyime sahiptir.
Calistiklar1  okulun sartlarindan dolayr Ogretim yaklasimlarint 6gretmen

merkezli olarak tanimlamislardir.

Okulda MEB tarafindan gelistirilen Matematik Ggretim  programi
kullanilmaktadir. Bu program 6grenci merkezli egitim ve olusturmaci 6gretim
yaklagimint  Onermektedir. Matematik programi bes Ogrenme alani
icermektedir: Sayilar, Cebir, Geometri, Olasihik ve Istatistik, Olgme.
Derslerde, MEB tarafindan oOnerilen Ogrenci ve Ogretmen kitaplar
kullanilmaktadir. Bu calisma Cebir 6grenme alaninda, Tablo 3.1°’de verilen

konularda ve kazanimlarda uygulanmistir.

Tablo 3.1

Cebir Ogrenme Alani konulari ve kazanimlar.

Konular Kazanimlar

Uslii Ifadeler Tam sayilarin kendileri ile tekrarl
carpimini uislii nicelik olarak ifade eder.

Cebirsel Ifadeler Cebirsel ifadelerle toplama ve ¢ikarma
islemleri yapar. Iki cebirsel ifadeyi
carpar.

Birinci  Dereceden Bir  Bilinmeyenli | Birinci dereceden bir bilinmeyenli

Denklemler denklemleri ¢ozer.
Denklemi problem ¢dzmede kullanir.

Kartezyen Koordinat Diizlemi Iki  boyutlu Kkartezyen koordinat
sistemini agiklar ve kullanir.

Denklemlerin Grafikleri Dogrusal denklemlerin grafigini ¢izer.

Oriintii ve iliskiler Say1 oOrlintlilerini  modelleyerek bu
oriintiilerdeki iligkiyi harflerle ifade
eder.

Ogretmen ve Ogrenci Kitapciklar

Ogrenci Kitapciklar;, 7. Smmf tiim Cebir konularmi icerecek sekilde; Cebir
kazanimlarin1 ve BYK ilkelerini ele alarak smif i¢i 6gretim materyali olarak

hazirlanmigtir. Kitapgiklar hazirlanirken kullanilan BYK etkileri: caligiimis
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ornekler, tamamlanan 6rnekler, bolinmiis dikkat, bigem, gereksizlik ve destek

etkileridir.

Kitapgiklar hazirlandiktan sonra igerikleri, kullanilan dilin uygunlugu ve BYK
etkilerinin kullanimi bakimindan degerlendirilmek {izere uzman goriisiine
basvurulmustur. Uzmanlardan gelen elestiriler ve oOneriler dogrultusunda

sorularin yaziminda ve sirasinda bir takim degisiklikler yapilmistir.

Ogretmen Kitapgiklar1 arastirmaci tarafindan  hazirlanmis  olup, genel
aciklamalar, siire, 6n 6grenmeler, kullanilan materyaller ve dersin islenisi gibi

boliimler icermektedir.

Calisma Grubu

Arastirmanin ¢alisma grubunu, Istanbul, Kagithane semtinde bulunan bir devlet
okulundaki 7. sinif 6grencilerden toplam 80 &grenci olusturmustur. Gruplar
deney ve kontrol gruplari olarak tesadiifi olarak atanmistir. Deney grubunda 19
erkek, 21 kiz Ogrenci; kontrol grubunda ise 20 erkek, 20 de kiz 6grenci
bulunmaktadir. Uygulamanin basinda, gruplarmmin denkligini saglamak
amaciyla gecen yilin matematik puanlari acisindan anlamli bir fark olup
olmadig t-testi araciligiyla kontrol edilmis ve iki grup arasinda anlamli bir fark

bulunmadig tespit edilmistir.

Uygulamanin sonunda gerceklestirilen goriismeler i¢in 6grencilerin matematik
basarisina bakilmis; yiiksek, orta ve diisiik basarilt 6grencilerden toplam 12
Ogrenci secilmistir.

Veri Toplama Araclan

Arastirmanin sorularini yanitlamak ve hipotezlerini test etmek amaciyla bu

caligmada dort farkl veri toplama araci kullanilmistir:
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e (Cebir Basar1 Testi (CBT): Uygulamanin sonunda deney ve kontrol
gruplarinda son test olarak kullanilmistir.

e Bilissel Yiik Anketi (BYA): Her bir Cebir konusunun bitiminde deney ve
kontrol gruplarinda kullanilmastir.

e Ogrenci Goriis Anketi (OGA): Uygulamanin sonunda deney grubunda
kullanilmistir.

e Gorigme Formu (GF): Uygulamanin sonunda deney grubunda

kullanilmastir.

Cebir Basar: Testi (CBT)

Cebir Basar1 Testi (CBT) 7.smif 6grencilerin Cebir konularinda basarilarini
belirlemek amaciyla aragtirmaci tarafindan gelistirilmis olan toplam 20 acgik
uclu sorudan olugmaktadir. Tiim sorular 7.sinif Cebir konularinin igerigine ve
kazanimlarina uygun olarak hazirlanmistir. Test, verilen bir cebirsel ifadenin
degerini bulma, verilen bir cebirsel ifadenin en sade halini yazma, verilen bir
Oriintiiniin genel terimini bulma, denklem ¢6zme, problemleri denklem kurarak
¢ozme, denklemi verilen problem kurma, Kartezyen Koordinat Diizlemindeki
bir noktay1 bulma ve grafik ¢izme konularindan sorular icermektedir. Test 80
puan {izerinden dereceli puanlama anahtar1 ile degerlendirilmistir. Testin
kapsam gegerliligi, biri ilkogretim matematik boliimii doktora programindan
mezun olan dort tane 6gretmen tarafindan incelenmistir. Sorularin, amaglar igin
uygun olup olmadigina iliskin uzman cevaplari, Likert tipi li¢lii derecelendirme
Olcegi kullanilarak elde edilmistir. Uzman goriislerine gore sorulari daha

anlagilir kilmak adina bir takim degisiklikler yapilmistir.

CBT’nin pilot ¢alismast 8.smif toplam 229 6grenci ile 2010-2011 sonbahar
doneminde bir devlet okulunda gergeklestirilmistir. Pilot ¢alismanin amaci
sorularin anlagilirligini, teste verilen siirenin uygun olup olmadigini ve
giivenirligini bulmaktir. Pilot ¢alisma sonunda tiim kagitlar dereceli puanlama
anahtarina gore aragtirmaci tarafindan degerlendirilmis, ayrica i¢ tutarlilik

katsayis1 hesaplanmasi icin de rasgele segilen 80 kagit bir matematik 6gretmeni
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tarafindan  degerlendirilmistir. ICC i¢ tutarlilik katsayist .90 olarak

bulunmustur.

Bilissel Yiik Anketi (BYA)

Biligsel yiikiin ol¢iilmesinde, Paas & Van Merrienboer (1993) tarafindan
gelistirilen 9’lu derecelendirme Olcegi deney ve kontrol gruplarinda her bir
Cebir konusunun bitiminde uygulanmistir. Olgek “cok, cok az”dan, “cok, cok
fazla”ya kadar 9 derece igermektedir. Olgegin Tiirkge’ye uyarlama calismasi
Kili¢ ve Karadeniz (2004) tarafindan yapilmistir. Kili¢ ve Karadeniz, 6lgegin
anlasilirhig1 ve cevirinin uygunlugu i¢in uzmanlardan goriis almislar ve deneme
formu olusturmuglardir. Cronbach Alfa i¢ tutarlilik katsayis1 .90 olarak
bulunmustur. Sezgin (2009) de yaptig1 calismada BYA igin .78 Cronbach Alfa
i¢ tutarlik katsayisi1 bulmustur.

BYK, ogretimin verimliligi ilgili bir kuramdir. Paas and van Merriénboer
(1993) verimliligin hesaplanmasi igin performansa ve bilissel yiike dayali bir
yontem gelistirmislerdir. Bu yontemde, zihinsel c¢aba, performanstan
cikartilarak Ogretimin verimliligi hesaplanmaktadir. Zihinsel c¢aba ve
performansin  etkisini  birlikte gérmek adina z-koordinat  diizlemi
kullanilmaktadir. Zihinsel ¢aba, x ekseninde ve performans ise y ekseninde
gosterilmektedir. Ogretim ortamlarmin etkililiginin hesaplanmasinda, bir

noktanin  dogruya olan uzakhigi  formiilii temel alinmig ve

E = Zperformans — Zhilissel vk
V2 formiilii kullanilmistir.

Formiile gore, diisiik biligsel yiik ve yiiksek basar1 puani, yiiksek verimliligi;
yiiksek biligsel yiik ve diisiik basar1 puani, diisiik verimliligi gostermektedir.

Bu calismada verimliligi hesaplamak i¢cin CBT ve BYA puanlar1 z-puanina

doniistiiriilmiis ve yukarida verilen formiile gore hesaplanarak verimlilik

grafigi olusturulmustur.
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Ogrenci Goriis Anketi (OGA)

Ogrencilerin uygulamaya iliskin algilarini belirleme amaciyla hazirlanmis olan
OGA arastirmaci tarafindan gelistirilmis olup 19 likert tipi ve bes acik uglu
sorudan olusmaktadir. OGA, o6gretim yontemi, kullanilan materyaller,
etkinlikler ve grup ¢alismalar1 yaninda BYK etkilerinden ¢alisilmis 6rnekler,
tamamlama Ornekleri ve bicem etkisi ile ilgili sorular da icermektedir.
Cronbach Alfa i¢ tutarlilik katsayisi .91 olup, betimsel istatistik teknikleri ile

analiz edilmistir.

Goriisme Formu (GF)

Goriisme sorular1 arastirmact tarafindan anket sorularindan tiiretilmis olup
arastirma sonrasinda deney grubundan basari durumlar1 dogrultusunda segilen
12 dgrenci ile gergeklestirilmistir. Gorligme yapilan her bir dgrenciye aym
sorular ayni sira ile sorularak toplanan verinin daha detayli ve analiz
bakimindan daha sistemli olacagi diistinilmiistiir. Toplanan veri bilgisayar

ortaminda aktarilip, nitel igerik analizi teknigi ile analiz edilmistir.

Veri Toplama Siireci

Uygulamada kullanilacak olan Ogrenci ve Ogretmen Kitapgiklar: arastirmaci
tarafindan gelistirilmistir. Konular, kazanimlar, sinif diizeyi, agiklig1 ve genel
diizeni bakimindan kitape¢iklar i¢in uzman gorlisii alinmistir. Uygulama
baslamadan Once arastirmaci tarafindan deney ve kontrol grubu 6gretmenlerine
BYK ile ilgili olarak agiklamalar yapilmistir. Uygulamanin basinda, gruplarin
denkligini kontrol etmek amaciyla t-testi yapilmistir. Uygulama toplam 6 hafta
slirmiis ve arastirmaci tarafindan siirekli gozlemler yapilmistir. Uygulama
stiresince deney grubunda tiim Cebir konular1t BYK ilkelerine gore hazirlanmis
kitapciklar T{izerinden yiiritilmiistir. Her bir {initenin sonunda BYA
uygulanmistir. Uygulamanin bitiminde ise CBT her iki gruba da uygulanmistir.

OA ve GF araglar1 deney grubunda uygulanmustir.
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Veri Analizi

Aragtirma sorularma gore bu arastirmada farkli veri analizi yontemleri
kullanilmistir. ilk arastirma sorusu icin MANOVA, ikinci arastirma sorusu igin

t-testi ve son soru i¢in ise nitel i¢erik analiz teknigi kullanilmistir.

Siirhliklar

Calisma, segilen devlet okulundaki 7.siniflardan 80 Ogrenci ve 2010-2011
Ogretim yili giiz doneminde Cebir Ogrenme alani igerigiyle sinirlidir.
Arastirmada ulasilabilir 6rnekleme yoluna bagvuruldugu i¢in genelleme
problemi olusabilir. BY A’nin 9-likert tipi bir 6lgek olmasi, 6grencilerin 6lgegi
anlamas1 bakimindan bir takim sinirliliklar getirebilir. BYK’nin yeni gelisen
bir kuram olmasi ve deney grubu ogretmeninin kurami anlama seviyesi

calismanin sinirlarindan biri olabilir.

Arastirmanin Gegerliligi

Bu bolimde c¢alismanin gecerliligine etki edecek bir takim tehditlere ve

bunlarin nasil 6nlenmeye c¢alisildigina yer verilmistir.

Katilimc1 ozellikleri tehdidini sabit tutmak amaciyla deney ve kontrol
grubundaki katilimcilarin 6n test puanlart karsilagtirllmis ve sonugta iki grup
arasinda anlamli bir fark bulunmamistir. Arastirmada deney ve kontrol
gruplarina uygulanan tiim 6lgme araclar1 aynm1 yer ve zamanda yapilarak tarih
ve yer tehditleri kontrol altinda tutulmustur. Veri toplama ve uygulayici
tehditleri aragtirmaci tarafindan goézlemler yapilarak kontrol altina alinmistir.
Beklenti tehdidi CBT kagitlarinin arastirmact disinda baska bir matematik
O0gretmeninin de okumasi ile kontrol altina alinmistir. Calismaya katilan tiim
O0gretmen ve 6grencilerin isimleri gizli tutularak gizlilik tehdidi kontrol altina

alinmustir.
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4. Sonuclar

Aragtirmanin sonuglar1 asagida 6zetlenmistir.

1. Deney ve kontrol gruplarinin denkligini kontrol etmek amaciyla yapilan t-
testi sonuglarma gore, gruplarin bir onceki yi1l matematik basar1 puanlari
arasinda anlamli bir farklilik yoktur. Bu sonuglara gdre uygulamanin

basinda gruplarin denk oldugu sdylenebilir.

2. Betimsel istatistik sonuglarina gére deney grubu CBT sonuglar1 (M=41.18,
SD=12.86), kontrol grubu CBT sonuglarindan anlamli bir sekilde daha
yiiksektir (M=14.88, SD=8.28). BYA sonugclarina goére ise, deney grubu
sonuglart (M=3.58, SD=1.55), kontrol grubu sonuclarindan anlamli bir
sekilde (M=5.05, SD=1.39) daha disiiktiir.

3. Ogrencilerin  BYA puanlarina gére tamimlanan bilissel yiiklenme
durumlarina bakildiginda, Paas ve Merriénboer (1993)’in tanimladig:
araliklara gore, yiiksek biligsel yiike sahip deney grubunda 7 Ogrenci,
kontrol grubunda ise 23 6grenci vardir. Benzer sekilde, diisiik biligsel yiike
sahip deney grubunda 33, kontrol grubunda ise 17 6grenci vardir. Buna
gore kontrol grubunda yiiksek biligsel yiike sahip dgrencilerin sayis1 daha

fazladir.

4. MANOVA testi sonuglarina gore BYK ilkelerine gore gelistirilmis olan
Ogretimin Ogrencilerin akademik basarilarina ve biligsel yliklenmelerine
anlaml bir etkisi vardir. Tekli varyans analizi (ANOVA) sonuglarina gore,
ogrencilerin CBT ve BYA testlerinden aldiklar1 puanlar, kullanilan 6gretim
yonetimine gore anlamli bir sekilde degismektedir F(1,78)=118.26, p<.05
ve F(1,78)=19.86, p<.05. Gruplar CBT’indeki degisimin %60’1n1,
BY A’ndeki degisimin ise %20’sini agiklamistir.
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5. Deney ve kontrol grubundaki o6grencilerin CBT ve BYA sonuglari
Ogretimin verimliligi bakimindan karsilastirilmistir. Deney grubunun
verimlilik puani (0.86), kontrol grubunun verimlilik puanindan (-0.86)

anlaml bir sekilde yiiksektir.

6. Ogrenci Anketi (OA) sonuglari, dgrencilerin biiyiik cogunlugunun dgretim
seklinden (70%), kullanilan materyallerden (77.5%), ve smif igi
etkinliklerden (77.5%) hoslandigin1 gostermektedir. Ayrica, Ogrenciler
kullanilan smif i¢i materyallerin 6grenmelerini kolaylastirdigini (77.5%) ve
BYK etkilerinden bigem etkisini (%72.5) yararli bulduklarim
belirtmiglerdir. Ogrencilerin biiyiik ¢ogunlugu verimliligi 6grenme siiresi
acisindan degerlendirdiginde, daha kisa siirede Ogrendigini belirtmis
(72.5%) ve bu Ogretilis seklini diger matematik derslerinin 6gretilisinde de

gormek istemistir (72.5%).

7. Uygulama sonunda yapilan goriismelerde, 6grenciler ders basinda yapilan
hatirlatmalar ve sorulan sorular hakkinda olumlu goriis bildirmislerdir.
Tim basar1 gruplarindaki (diisiik, orta, yiiksek) ogrenciler calisilmis
ornekleri dersi 0grenmesi agisindan yararli buldugunu belirtmistir. Yari
Calisilmis Ornekler hakkinda ise oOgrenciler genellikle olumlu goriis
belirtmis ancak yiiksek matematik seviyesine sahip Ogrenciler, bu

orneklerin kendileri i¢in gereksiz oldugunu sdylemislerdir.

8. Ogrenciler, goriismelerde Ogrenci Kitapgiklarmin en biiyiik yararmin ders
islenisinde not tutmanin yol agtigr dikkat dagmikligimi engellemesi
oldugunu vurgulamiglardir. Ayrica tahta kullanmak yerine Ogretmen
tarafindan yapilan s6zel agiklamalarin 6grenmelerine olumlu olarak etki
ettigini ve siif i¢i aktivitelerin, konu hakkinda deneyim kazandiktan sonra
yapilmis olmasinin, yani smif i¢i aktivitelerin dersin baslangic noktasi
olmamasi konusunda olumlu goriis belirtmislerdir. Grup caligmalari i¢in ise
smiflarinin  kalabalik olmasi yiizinden ideal bir ortam olmadigini

vurgulamiglardir.
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9. Gorlismeye katilan tim Ogrenciler, bu 6gretim tarzi ile daha kolay, daha
cok ve daha kisa zamanda dgrendiklerini vurgulamislardir. Ogrenciler bu
Ogretim seklini bagska matematik konularinda ve diger derslerde de gérmek

istediklerini belirtmislerdir.

5. Tartisma

Bu boliimde elde edilen bulgulara yonelik tartigmalara yer verilmistir.

Deney grubu 6grencilerinin, CBT sonuglar1 kontrol grubu 6grencilerinin CBT
sonuclarindan yiiksektir. BYA sonuglart karsilastirildiginda ise, deney grubu
Ogrencilerinin BY A puanlar1 kontrol grubu 6grencilerinden daha diisiiktiir. Bu
sonuglar yiiksek performans ve diisiik biligsel ylik saglayan Ogretim
ortamlarinin daha verimli oldugunu Oneren literatiir bulgularin1 destekler

niteliktedir.

Deney grubu 6grencilerinin, CBT sonuglart kontrol grubu 6grencilerinin CBT
sonuglarindan ytliksek olmasina ragmen yine de her iki grubun da CBT basarisi
diistiktiir. Bunun bir sebebi olarak, 6grencilerin 6n dgrenmeleri gosterilebilir.
Uygulamanin baginda gruplarin denkligini kontrol etmek maksadiyla yapilan
testte de Ogrencilerin gegen yilki matematik puanlarinin ortalamasmin da ¢ok
fazla yiiksek olmadigi goriiliir. Tatar ve Dikici (2008) 6grencilerin matematikte
Ogrenme giicliigii yasamasinin sebeplerinden biri olarak yeterli 6n 6grenmeye

sahip olmamalarin1 gostermektedir.

Yapilan caligmalarda sosyo-ekonomik cevrenin basar1 lizerinde anlamli bir
farkliliga yol agtigi bulunmustur. Ayrica TIMMS 98-99 (Yayan, 2003)
verilerine gore sosyo-ekonomik ¢evrenin matematik basarisi ilizerine anlamli
olarak etki ettigi vurgulanmistir. Ersoy ve Erbas (1998) diisiik sosyoekonomik
cevrede bulunan bir okuldaki 7.simif 6grencilerle yaptiklar calismada, Cebir
Ogretiminin bu ¢evrede oldukga problemli oldugunu ortaya ¢ikarmiglardir. Orta

ve yiiksek sosyo-ekonomik durumlu 6grencilerle karsilastirildiginda, diisiik
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sosyo-ekonomik c¢evrede bulunan Ogrencilerin cebir basarist  diisiik

bulunmustur.

Diisiik basarinin bir baska sebebi ise okul o6zellikleri olabilir. Yapilan
calismalar, okul donaniminin ve smiftaki 6grenci sayisinin basari {izerinde

etkisi oldugunu gostermektedir.

CBT sonuglarinin deney grubunda yiiksek ¢ikmasi BYK’nin diisiik sosyo-
ekonomik ¢evrede bulunan 6grenciler icin verimli oldugu sdylenebilir. Bagka
bir deyisle diisik sosyo-ekonomik ¢evrede bulunan okullardaki cebir

ogretiminde BYK etkin bir 6gretim yontemi olarak kullanilabilir.

Calismanin sonuglart BYK ilkelerine gore gelistirilmis olan &gretimin,
ogrencilerin Cebir basarisina ve bilissel yiiklenmelerine etkisi oldugunu
gostermistir. Elde edilen sonuglar literatiirde rapor edilen birgok g¢alismayla
benzerlik gostermistir. Bu baglama, gelistirilmis olan bu 6gretimin, Cebir
o0grenmede basariy1 artirmak ve bilissel yliklenmeyi azalmakta etkin oldugu

sOylenebilir.

Arastirma bulgularina gore, BYK ilkelerine gore gelistirilmis olan &gretimin
kullanildig1 deney grubu ile MEB Onerilerine gore gelistirilmis Ogretimin
uygulandig1 kontrol grubunun CBT ve biligsel yiik puanlarina gore hesaplanan
ogretim verimliligi ile ilgili puan ortalamalar1 arasinda deney grubu lehine
anlaml bir fark goriilmiistiir. Deney grubundaki 6gretim, kontrol grubundaki
Ogretime gore daha verimli olmustur. Literatiirde rapor edilen BYK ilkelerine
gore gelistirilmis 6gretimin daha verimli oldugu savini destekler niteliktedir.
Tiirkiye’de yapilan ¢alismalarda da benzer sonuglara ulagilmistir. Kilig (2006),
Kablan ve Erden (2008), ve Sezgin (2009)’in yaptig1 c¢alismalarda, BYK
ilkelerine gore tasarladiklari 0gretim ortamlari, karsilastirildiklar1 ortamlara

gore daha verimli bulunmustur.
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Goriismelere katilan Ogrencilerin tamami BYK ilkelerine gore tasarlanmig
Ogretim ile ilgili olarak olumlu goriisler belirtmislerdir. Literatiire gore, simif
ortaminda Ogrencilerin basar1 seviyelerinin karma olmasi, 6n 6grenmelerin
Oonemi artirmaktadir ve buna 6nem vererek tasarlanan 6gretim ortamlarini daha
etkin kilmaktadir. Goriismeler sirasinda Ogrenciler ders basinda yapilan
tekrarlar ve sorulan sorular hakkinda olumlu gdriis bildirmislerdir. Ogrencilerin

bu goriisleri literatiirii destekler niteliktedir.

Tiim 6grenciler calisilmig Ornekler ve tamamlama Ornekleri etkisi ile ilgili
olarak olumlu goris belirtmislerdir. Clark ve digerlerine (2005) gore calisilmig
ornekler calisan bellegin siirli olan bilgi isleme kapasitelerini etkili
kullanmalarin1 saglayacak BYK etkilerinden biridir. Calisilmis Ornekler ile
daha az ¢aba ile daha kisa siirede 6grenme saglanabilmektedir. Ozellikle diisiik
matematik seviyesine sahip olan Ogrenciler, calisilmis ve yari calisiimis
ornekler hakkinda olumlu goriise sahiptir. Bu durum yeterli semaya sahip
olmamalari ile agiklanabilir. Ote yandan orta ve yiiksek matematik bagarisina
sahip olan 6grenciler konuyu 6grendikten sonra hemen alistirmalara gegmek
istediklerini ve Ornekleri incelemediklerini vurgulamiglardir. Bu sonuglar
konuyla ilgili literatiirii destekler niteliktedir. Ogrencilerin konu hakkinda

deneyimleri arttik¢a bu drneklerin yerini alistirmalar almalidir.

Goriismelerde 6grenciler kullanilan sinif i¢i materyaller hakkinda olumlu goriis
bildirmislerdir. Ders esnasinda not tutmay: azaltip, dikkatlerinin dagilmasini
engelledigi i¢in yararli bulmuslardir. Ayrica, ders esnasinda tahtay1 kullanmak
yerine yapilan sézel agiklamalarin da faydali oldugunu vurgulamislardir. Tiim
bu gorisler, literatirde BYK etkilerinden olan boliinmiis dikkat ve bigem

etkileri ile ilgili yapilmis caligmalarla desteklenmektedir.

Ogrenciler smif ici etkinlikler icin bir takim 6grenmelerin gerceklesmesini ve
daha sonra bunu bir smif i¢i etkinlikler ile pekistirmenin, 6grenmelerini ve
motivasyonlarini etkiledigini belirtmislerdir. Kisacas1 6grenciler, ilgili literatiir

ile tutarli olarak, konu hakkinda deneyim kazandiktan sonra smif ici
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etkinliklere yer verilmesi gerektigini vurgulamiglardir. Benzer yorum grup

caligmalari i¢inde gecerlidir.

Ogrencilerin uygulama ile ilgili olarak belirttigi tek olumsuz goriis konular
hakkinda deneyim kazandiktan sonra da c¢ok fazla ¢ok fazla yer verilmesidir.
Literatiirde, yapilan ¢alismalar bu goriisii destekler niteliktedir. Ogrenciler daha
az yorulduklari, ders esnasinda not tutmadiklar1 gibi sebeplerden dolayi, bu
Ogretim tarzin1 baska matematik konularinda ve derslerde de gormek
istediklerini belirtmislerdir. Ogrencilerin vurgu yaptig1 konu biligsel yiiklenme

seviyelerinin bu 6gretim ile daha az oldugudur.

Uygulamadaki Oneriler

1. BYK’na gore verimli 6gretim ortamlar1 biligsel mimariye baghidir. Bu
nedenle bu sistemin oOzellikleri O6gretim tasarimcilart tarafindan iyi

bilinmelidir.

2. Ogretimi tasarlarken ¢alisan bellek yapisi ve sinirliliklar: ¢ok iyi bilinmeli

ve ¢alisan bellek kapasitesi en verimli sekilde kullanilmalidir.

3. Asil yiik yiiksek oldugu durumlarda, c¢alisilmig Ornekler, tamamlama

ornekleri gibi uygun olan BYK etkileri kullanilarak asil yiik azaltilmalidir.
4. Calisan bellegin yiikiinii azaltmak ve uzun siireli bellege aktarimi

kolaylastirmak i¢in konu dis1 yiikii azaltmak gerekmektedir. Konu dis1

yiikii azaltmak i¢in gerekli olan BYK etkileri g6z oniinde bulunmalidir.

5. Calisilmis 6rnekler konu dis1 yiikii azaltmak i¢in kullanilmalidir.

6. Calisilmis Orneklerin hemen ardindan bir benzerinin alistirma olarak

verildigi ders tasarimlar1 da konu dis1 yiikii azaltmak i¢in kullanilmalidir.

214



7. Destek etkisi oOzellikle dgrencilerin konu hakkinda 6n &grenmelerinin

bulunmadigi durumlarda kullanilmalidir.

8. Ogrencilerin bilgi seviyesi Ogretimi tasarlarken mutlaka gdz Oniinde
bulundurulmalidir. On dgrenmeleri yetersiz olan bir dgrenci i¢in gerekli
olan bir bilgi, daha yiiksek bilgi seviyesine sahip bir O6grencide yiik

olusturabilir.

9. Ders esnasinda not tutmak &grencilerde biligsel yiike sebep olabilir. Bu
sebeple Ogrenciler i¢in kiigiik ders notlar1 ve destekleyici materyaller
kullanilabilir.

10. Ogretmenler icin BYK ilke ve etkiler hakkinda seminerler planlanabilir.

11. MEB tarafindan uygulanan programlara BYK ilkeleri entegre edilerek

bilissel yiikiin azaltilmas1 saglanabilir.

Diger Arastirmalar icin Oneriler

1. Aym aragtirmanin tekrari daha genis 6rneklem gruplarinda genelebilirlik

saglamak i¢in tekrarlanabilir.

2. Gelecekteki aragtirmalar farkli smif seviyelerinde, farkli matematik

derslerinde ve diger derslerde yapilabilir.

3. Gelecekteki arastirmalar, tesadiifi orneklem ile gercek deneysel desenler

tasarlanilarak gerceklestirilebilir.
4. Bu c¢alisgma disiik sosyo-ekonomik yapiya sahip bir okulda

gergeklestirilmistir. Ayni ¢alisma 6zel okul gibi farkli okul sartlarinda
tekrar edilebilir,
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. Gelecekteki arastirmalar, motivasyon ve kalicilik gibi farkli degiskenler

eklenerek gergeklestirilebilir.
. Bu ¢aligmada biligsel yiik 6l¢limleri 9’lu derecelendirme 6l¢egi kullanilarak
Oznel olarak Olciilmiistiir. Bagka uygulamalarda kalp atisi, kalp atisi

degisimi, beyin dalgasi1 gibi fizyolojik 6l¢timler kullanilabilir.

. Bu c¢alismada BYK etkileri bir arada kullamilmistir. Gelecekteki

aragtirmalarda bu etkilere ayr1 bakilabilir.

. Bu calismada verimlilik, basar1 ve bilissel yiik puanlar ile hesaplanmistir.

Gelecekteki caligmalarda zaman faktorii de eklenebilir.
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