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ABSTRACT

Mathematics is essential for everyday life, academic success and future career prospects.
Individuals with mathematical literacy tend to develop analytical problem-solving and critical
thinking skills. Unfortunately, national and international assessments show that many of students
are failing in mathematics in Turkey. The quality of mathematics education and effective
instruction can have a positive impact on the academic and career success of individuals. In the
current context of student achievement in mathematics, educators need more than ever to know
what instructional practices are effective in helping students succeed in mathematics. Evidence-
based practice is currently the focus of efforts to identify the most effective practices for students
who are struggling to learn mathematics and need support to improve their mathematical skills.
Although evidence-based practices can demonstrate meaningful changes in experimental settings,
especially for students at-risk of academic failure, these effects are unlikely to be reflected in
student performance unless they are implemented in real classroom settings. Teachers' knowledge
about evidence-based practices is a prerequisite for their widespread use in real classrooms.
Therefore, this article was written to introduce instructional practices, defined as evidence-based
practices, for students with mathematics learning disabilities and at-risk students. It is hoped that
this article will contribute to supportive instructional practices for primary and secondary students
with MLD by increasing the likelihood that these practices will be adopted and used appropriately
by teachers.
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INTRODUCTION

Mathematics helps to develop important skills such as solving everyday problems, developing analytical thinking
skills and the ability to make logical decisions. Mathematical literacy also enables individuals to make informed
decisions in financial matters. Individuals with mathematical literacy tend to develop analytical problem-solving
and critical thinking skills. Mathematics is a prerequisite for many professions, such as engineering, finance and
computer science, and individuals who wish to pursue careers in these fields must be successful in mathematics.
Overall, mathematics is crucial for everyday life and academic success, as well as for future employment

opportunities.

International achievement monitoring studies and assessments based on the results of centralised examinations
used in national grade transition systems show that the mathematics achievement of primary school students in
Turkey is not at the desired level (Sari et al., 2017; Suna & Ozer, 2021) and has not increased steadily over time
(Soysal, 2019). According to the latest results of the Programme for International Student Assessment (PISA),
one in the three students in Turkey lacks basic competence in mathematics (Korlu, 8 December 2023). According
to the results of the High School Entrance Examination (HSEE) conducted by the Turkish Ministry of National
Education, the average number of correct answers of eighth-grade students who took the exam in 2020 was
nine. About 22% of these students were able to answer a maximum of five questions correctly in the 20-question
mathematics subtest (Ministry of National Education [MoNE], August 2020). According to the 2021 HSEE results,
the average number of correct answers for eighth grade students was 7.5, and 37% of these students were able
to answer a maximum of five questions correctly in the 20-question mathematics subtest. According to the 2022
HSEE results, the average number of correct answers was 9 and the percentage of students who could answer a
maximum of five questions correctly in the 20-question mathematics subtest was 30% (MoNE, July 2021; MoNE,
July 2022). As national and international examination results show, the proportion of students with low
mathematics achievement among our students is at a level that cannot be ignored. This situation has alarmed
the Ministry of National Education and a mathematics mobilisation has been launched in 2022 (MoNE, 17 May
2022).

The quality of mathematics education and effective instruction can have a positive impact on the academic and
career success of individuals. In the current context of student achievement in mathematics, educators need
more than ever to know what instructional practices are effective in helping students succeed in mathematics.
This article has been written to meet this need of educators. The purpose of the article is to inform readers,
especially those who directly serve students, about evidence-based practices for effective mathematics

intervention for students with math learning disability (MLD).

Evidence-based practices have significant potential to bring about meaningful and positive change, especially for
students at-risk of academic failure and in need of effective instruction (Vaughn & Dammann, 2001). However,

for this potential to be realised, these practices must be implemented in an appropriate manner. It is one thing
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to know that a practice is evidence-based, but quite another to implement it (Cook et al., 2008; Fixsen et al.,
2009, p. 5). In order for evidence-based practices to be used faithfully by teachers, the instruction processes
associated with these practices should be functionally defined. Therefore, evidence-based practices should

include clearly defined and replicable teaching behaviours (Cook & Cook, 2013).

It is not very functional to describe a practice as evidence-based in general. If practitioners know that an
intervention is evidence-based in terms of developing which skills of students with which characteristics, at which
grade, in which educational settings, they will be able to find that intervention functional and use it according to
its purpose (Horner et al., 2010). In this article, we provide functional descriptions of practices (Fuchs, Bucka, et
al., 20-21) that have a strong evidence base for improving basic mathematical skills such as number knowledge
and word problem solving in the context of whole and rational numbers for students with MLD (or at-risk) from
kindergarten to grade six. In this respect, it is hoped that this article will contribute to supportive instructional
practices for primary and secondary students with MLD by increasing the likelihood that these practices will be

adopted and used appropriately by teachers.

What is Evidence-Based Practice?

The key to effective and efficient instruction is for teachers who want their students to achieve the desired
outcomes to use instructional practices in their lessons that are most likely to produce these outcomes. Because
not all interventions are equally effective, some interventions are more likely to improve student outcomes than
others (Forness et al., 1997). Based on this undeniable fact, there has been a constant effort by educators to
determine 'what works'. The most recent reflection of this effort is the attempt to identify evidence-based
practices in education. Evidence-based practices in education are teaching techniques whose effectiveness in

improving student outcomes is supported by reliable research (Cook et al., 2012; Slavin, 2002).

The term evidence-based practice emerged in medicine in the 1990s (Sackett et al., 1996) and quickly spread to
fields such as agriculture, nursing, psychology and education (Slavin, 2002). Criteria and standards for identifying
evidence-based practice have been developed and implemented in the fields of medicine (Haynes et al., 1997),
psychology (Chambless et al., 1998) and educational psychology (Kratochwill & Stoiber, 2002). Early studies of
evidence-based practices in special education focused on developing criteria for identifying evidence-based

practices (Cook et al., 2009; Gersten et al., 2005; Horner et al., 2005; Odom et al., 2005).

There are several organisations that aim to define evidence-based practice in education and each has its own
approach to what is required for a practice to be considered evidence-based (Cook et al., 2012; Mayer, 2011;
Slavin, 2008). Although each of these organisations determines evidence-based practices based on their own

criteria, they share the following four main themes (Cook & Cook, 2013; Cook, et al., 2018):

e Research design: As in other fields of science, different research designs are used in the generation of

scientific knowledge and the development of the field of education (Odom et al., 2005). Among these
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designs, researchers use those that have the potential to provide the most appropriate answers to the
research questions they are trying to answer. The most appropriate research designs for answering the
question of whether an instructional practice causes a change in student outcomes are those that can
reveal causality (Cook et al., 2008). Accordingly, only studies using group experimental, group quasi-
experimental and single-subject research designs are considered when identifying evidence-based
practices (Gersten et al., 2005; Horner et al., 2005).

Research quality: Regardless of the preferred research design, the results of research that is not
conducted appropriately can be flawed and misleading. Therefore, one of the hallmarks of evidence-
based practice is that supporting research studies are conducted with methodological rigour that meets
prescribed quality standards (Cook & Cook, 2013). In the field of special education, 10 basic and 8
desirable quality indicators are recommended for experimental and quasi-experimental group studies.
For a study to be considered high quality, it must meet at least 9 of the basic indicators and at least 4 of
the desirable indicators (Gersten et al., 2005). For single-subject experimental studies, 21 quality
indicators are recommended and it is stated that a single-subject study should not be considered for
evidence-based practice unless it meets all of these indicators (Horner et al., 2005).

Quantity of research: In order to show that an intervention reliably improves student outcomes, there
must be a large number of high-quality studies of appropriate design that support the intervention.
Therefore, evidence-based practice can never be based on a single research study (Cook & Cook, 2013).
Gersten et al (2005) state that for an intervention in special education to be considered evidence-based,
it must be supported by at least two high quality or four acceptable quality group experimental and
quasi-experimental studies. If the evidence base of a practice is to be determined on the basis of single-
subject research, at least five high-quality single-subject research studies, conducted in at least three
different geographical regions, by at least three different researchers, involving a total of at least 20
participants, and published in peer-reviewed journals are required (Horner et al., 2005). Some
organisations also use exclusion criteria to define a practice as evidence-based. For example, an
exclusion criterion adopted by the What Works Clearinghouse (WWC, 2022) is that there are no studies
of acceptable quality showing a negative or uncertain effect of an evidence-based practice.

Effect size of studies that generate evidence: Effects that are not of significant functional or educational
importance are not sufficient for a practice to be defined as evidence-based (Cook & Cook, 2013).
Therefore, effect size is an important criterion for identifying evidence-based practice. This criterion is
used to determine the degree of impact of a practice and is usually calculated using data from
experimental studies (Toraman et al., 2018; Tosuntas et al., 2020). Gersten et al. (2005) suggest that for
a practice to be defined as an evidence-based practice, it should show an effect size significantly greater
than zero in studies of high and acceptable quality. On the other hand, Horner et al. (2005) argue that
all high-quality single-subject studies show that the magnitude of change in student outcomes with the

intervention is also socially relevant.
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In summary, the term evidence-based practice refers to practices that utilise research designs that can identify
causal relationships, are supported by a large number and quality of studies, and have a significant impact on
student outcomes (Cook et al., 2018). It is understood that for a practice to be defined as evidence-based, it must
meet a number of evaluative criteria simultaneously. However, the use of incorrect terminology can sometimes
lead to practices that are far from meeting these criteria being perceived as evidence-based practices (Cook &
Cook, 2013). Therefore, it is useful to mention what evidence-based practice is not in order to be clearer about
what evidence-based practice is. Various terms such as best practices, recommended practices, research-based
practices, scientifically based practices and evidence-based practices are used to refer to teaching practices that
are thought to be effective. While all of these terms have emerged from well-intentioned efforts to specify
effective teaching practices, they each mean different things and imply different standards of rigour in terms of
empirical support (Cook & Cook, 2013). It is possible to find some research to support the principles contained
in any intervention (Slavin, 2002), which means that almost any practice can be described as research-based or
scientifically based. However, the research base of a practice may consist of very sound and rigorous research
or of flawed and inadequate research. Therefore, a practice should not be called evidence-based unless it meets
the rigorous standards of evidence-based practice. On the other hand, an evidence-based practice should be
called 'evidence-based practice' even if it is technically research-based (Cook & Cook, 2013). Another term often
confused with evidence-based practice is 'best and recommended practice'. However, the misuse of this term
over many years has led to the perception that a practice recommended as best practice is a passing fad (Peters
& Heron, 1993). Therefore, the term 'best and recommended practices' should also be avoided when referring

to evidence-based practices.

Who Are Students with MLD and Who Are At-Risk?

Many environmental or personal factors can contribute to low achievement in mathematics. External factors
such as unfavourable socio-economic conditions, bilingualism, cultural differences or lack of access to
appropriate educational opportunities are among the environmental factors (Olkun, 2015; Ozmen, 2017).
Personal factors include factors that indirectly affect mathematics achievement, such as being affected by
intellectual or sensory deficits, anxiety, distractibility, memory problems or dyslexia, and brain-based difficulties
in counting and arithmetic performance that occur developmentally or due to brain damage (Olkun, 2015;
Ozmen, 2017). Mathematical difficulties resulting from limited individual capacity that manifest developmentally
are referred to as dyscalculia, while mathematical difficulties resulting from brain damage are referred to as

acalculia (Olkun, 2015).

Approximately 10% of school-age children, including students with dyscalculia (Murphy et al.,, 2007), are
classified as persistently low achievers in mathematics (Berch & Mazzocco, 2007; Fuchs et al., 2007; Geary, 2011).
Students in the bottom 20% to 35% of students in the same grade attending a school are considered at-risk of
dyscalculia (Bryant et al., 2011; Fuchs et al., 2007). The academic achievement of students with dyscalculia lags
behind their peers from the early years of school, and the achievement gap between them and their peers

continues to widen as school years progress (Xin et al., 2017). Therefore, in order to help these students achieve
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at similar levels to their peers in mathematics, it is recommended that these children are identified as early as
possible through school-wide screening and that their mathematics skills are supported through evidence-based

practices (Bailey et al., 2020; Dennis et al., 2016; Kuhl et al., 2021).

What Are The Recommended Evidence-Based Practices for Students with MLD?

Students with MLD and students at-risk need support in small groups or one-to-one lessons to improve their
mathematical skills. The effectiveness of this additional instruction is directly proportional to the quality of the
interventions provided. For this reason, educational researchers have been working for decades to identify
effective approaches to mathematics intervention that meet the needs of students in small group or one-to-one
settings. A panel in the United States in 2021 synthesised these efforts and identified the following six practices
as evidence-based, based on the common characteristics of effective interventions for students with MLD (Fuchs,

Bucka, et al., 2021):

1. Explicit and systematic instruction

Use of concrete and semi-concrete representations

Teaching and encouraging the use of clear and precise mathematical language
Use number lines

Incorporate time-limited activities

o v & w N

Teaching word problem solving based on common problem structures

Each of these interventions has a consistent and strong evidence base showing that they improve outcomes for
diverse student populations in research that meets the quality standards set by the What Works Clearinghouse
(WWC), a trusted organisation that sets quality standards for research (Fuchs, Bucka, et al., 2021). These
practices have the potential to guide students towards more fluent mathematical performance, and using them
together will enable students to achieve the strongest outcomes (Fuchs, Bucka, et al., 2021). The rest of the

article introduces these practices.

EBP 1: Explicit and Systematic Instruction

A common feature of effective interventions to improve the mathematics achievement of students with MLD is
systematicity in the design of instructional materials and the delivery of instruction (Clarke et al., 2015; Steedly
et al., 2008). Explicit and systematic instruction, also referred to as explicit instruction, is based on teaching a
concept or procedure in a carefully sequenced and highly structured manner (The IRIS Center, 2017). Although
such an instructional approach is beneficial for all students, students who struggle to learn mathematics in
particular need explicit and systematic instruction to learn basic concepts and skills at grade level (Fien et al.,
2016). Research shows that intervention programmes that include components of explicit and systematic
instruction lead to significant improvements in students' mathematics skills (Gersten et al., 2009). A strong

evidence base has been established from 43 studies that examined the effectiveness of an intervention
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programme with explicit and systematic instruction for students at-risk MLD (see Fuchs, Bucka, et al., 2021 for

more details). The main components of explicit and systematic instruction are summarised in Table 1.

Table 1. Key Components of Open and Systematic Teaching

Explicit Components Systematic Components
Throughout this highly structured instruction, the teacher Throughout this carefully planned instruction, the
will: teacher will:
o clearly define target skills or concepts; emphasises e deliver lessons that build on each other in a
important details. sequence from simple skills and concepts to more
e relate new content to prior knowledge. complex ones, or from those with high frequency
e give clear instructions. of occurrence to those with a low frequency.
e model concepts or operations step by step by thinking e (through task analysis) break down complex skills
aloud (i.e. verbalises his/her thought process while into small and manageable pieces.
demonstrating the concept or operation). e ranktasks from easy to difficult and prioritise those
e provide opportunities for students to practice, by that are relatively easy.
following a scaffolded instructional sequence that e provide students with temporary supports
gradually shifts responsibility from teacher to student: (manipulatives, written instructions or prompts)
o Guided practice - Students work on the problems and gradually remove them as students' needs
together with the teacher and gradually students decrease.

start to solve most of the problems.
o Independent practice - Students work in small
groups or individually to solve problems.

e encourage students to talk about the solutions they
used to solve the problem and the reasons why.

e provide feedback on correct and incorrect responses
and spends time correcting errors; repeats teaching or
clarifies instructions as necessary.

e check and encourage retention of acquired knowledge
and skills.

Adapted from The IRIS Center (2017).

EBP 2: Teaching and Encouraging the Use of Clear and Concise Mathematical Language

Mathematical language is the academic language used to communicate ideas about mathematics (Dunston &
Tyminski, 2013). Mathematical language, which includes the vocabulary, terminology and language structures
used when thinking, speaking and writing about mathematics, expresses a sharper understanding of
mathematics than everyday spoken language (Powell & Driver, 2015). Dedicating specific time in supportive
intervention programmes to teaching the mathematical language used in textbooks, instructional and
assessment materials, and classroom instruction is beneficial in several ways (Bay-Williams & Livers, 2009;
Monroe & Orme, 2002). First, when teachers model the use of correct mathematical language, students notice
how the mathematical ideas they are learning fit into the words of mathematical language and begin to use this
language to explain their own mathematical ideas (Dunston & Tyminski, 2013; Fuchs & Fuchs, 2001). In this way,
teachers and students develop a common language and are able to communicate more clearly during
mathematics lessons (Clarke et al., 2017; Fuchs & Fuchs, 2001). Second, teaching the language of mathematics
supports students' learning of subtle and complex mathematical ideas (Bay-Williams & Livers, 2009; Capraro &
Joffrion, 2006). Third, focusing on the language of mathematics in intervention settings also increases students'
access to the language used in mainstream settings (Bay-Williams & Livers, 2009; Capraro & Joffrion, 2006;
Powell & Driver, 2015). This allows students to benefit more from the instruction provided in the mainstream

environment. Finally, the development of students' mathematical language is critical to their success in
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mathematics, especially as the subject matter becomes more complex (Bay-Williams & Livers, 2009; Monroe &
Orme, 2002; Pierce & Fontaine, 2009; Powell & Driver, 2015). A strong evidence base has emerged from 16
studies examining the effectiveness of intervention programmes that include elements for teaching
mathematical language to students with MLD and at-risk students (see Fuchs, Bucka, et al., 20-21 for more

details). Table 2 provides a list of practices recommended in the literature for teaching clear and concise

mathematical language and encouraging its use by students during supportive instruction.

Table 2. Practices Suggested in the Literature to Promote the Use of the Language of Mathematics

Recommendation

Source

Introduce new mathematical vocabulary appropriate to the context of the lesson.

Bay-Williams & Livers (2009)

Use simple and familiar mathematical vocabulary and student-friendly definitions.

Beck et al. (2002)
Pierce & Fontaine (2009)
Powell & Driver (2015)

Simply giving a definition of a term is not enough for students to understand
mathematical words and concepts. Deepen students' understanding by relating
mathematical vocabulary to concrete and semi-concrete representations.

Bay-Williams & Livers (2009)
Dunston & Tyminski (2013)
Monroe & Orme (2002)
Pierce & Fontaine (2009)
Powell & Driver (2015)

Use clear, concise and accurate mathematical language in your lessons to help
students understand important mathematical vocabulary. Consistent use of
mathematical language helps students learn how to use terms and develop a deeper
understanding of the terms.

Bay-Williams & Livers (2009)
Bryant et al. (2003)
Dunston & Tyminski (2013)
Fuchs, Bucka, et al. (2021)
Powell & Driver (2015)

Model the mathematical language by thinking aloud when explaining your thinking
and showing how to solve a word problem.

Fuchs, Bucka, et al. (2021)

In mathematics, some words can have more than one meaning or be used in more
than one context. Teach with different examples of how words can be used in
different ways.

Dunston & Tyminski (2013)
Pierce & Fontaine (2009)
Roberts & Truxaw (2013)

During lessons, have students provide oral and written explanations of math
concepts. Explaining their work gives students the opportunity to communicate their
mathematical understanding using newly learned vocabulary and also allows
teachers to check students' understanding and provide immediate corrective
feedback.

Bay-Williams & Livers (2009)
Clarke et al. (2017)
Fuchs et al. (2019)

Students are likely to need support in explaining their thinking using the
mathematical language. Provide students with a framework, such as sentence
beginnings or a set of guiding questions, to use when explaining. If necessary,
rephrase students' explanations using the correct mathematical language.

Bay-Williams & Livers (2009)
Fuchs, Seethaler, et al. (2021)
Fuchs et al. (2019)

Post a list of mathematical vocabulary on the classroom wall to help students
remember the mathematical language that has been modelled and taught during
the lessons. This kind of scaffolding can be useful to improve both students' oral
and written explanations.

Roberts & Truxaw (2013)

Adapted from Fuchs, L. S., Bucka, et al. (2021).

EBP 3: Using Concrete and Semi-Concrete Representations

Another evidence-based practice to help students learn abstract mathematical concepts and solve Word
problems is the use of concrete and semi-concrete representations in instruction (Fuchs, Bucka, et al., 2021).
Representations show the magnitude of numbers and the relationship between quantities. They make
mathematics visible and more accessible to students (Fuchs et al., 2005). Students who struggle with
mathematics benefit from targeted, supportive instruction that models mathematical ideas through concrete
and semi-concrete representations (Jitendra et al., 2016). A strong evidence base has emerged from 28 studies

examining the effectiveness of intervention programmes that include concrete and semi-concrete materials that
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represent mathematical ideas for students with MLD and for at-risk students (for more details, see Fuchs, Bucka,

etal., 2021).

Students can benefit from concrete and semi-concrete representations if three conditions are met (Fuchs, Bucka,
et al., 2021). First, representations that best represent the concept or operation being studied and are
appropriate for the age and grade level of the students should be carefully selected. This is because although the
use of concrete and semi-concrete representations facilitates the understanding of mathematical ideas, not
every representation is appropriate for every concept or operation (Jitendra et al., 2016; Witzel, 2005). Second,
concrete and semi-concrete representations should be clearly linked to abstract representations (i.e.
mathematical representations such as numbers, symbols, equations). While it is appropriate to choose either
concrete or semi-concrete representations for teaching certain mathematical concepts or operations, most
concepts or operations can be represented effectively by linking both concrete and semi-concrete
representations to abstract representations (Fuchs, Bucka, et al., 2021). While representing concepts and
operations with concrete and semi-concrete representations, linking both forms of representation and
presenting abstract representations simultaneously with these representations facilitates students'
understanding of the connection between representations and mathematics (Witzel, 2005). Third, concrete and
semi-concrete representations should be used multiple times to help students understand the abstract nature
of mathematics over time. Through multiple uses, students will gain a deeper understanding of mathematical
concepts and understand how representations can be used as 'thinking tools' in mathematics (Jitendra et al.,
2016; Witzel, 2005). The goal is for representations to help students better understand mathematical concepts
and operations, and for students to become comfortable using representations as tools to model problems and

develop their understanding (Jitendra et al., 2016; Witzel, 2005; Witzel et al., 2003).

The most effective way to incorporate concrete and semi-concrete representations into mathematics instruction
is to use the concrete-representational-abstract (CRA) framework. The CRA framework is a tiered sequence of
instruction that supports students in mathematics (Powell, 2015). In the CRA framework, students first solve
mathematical problems using concrete objects, then move to solving these problems using representational
drawings, and finally begin to solve problems using abstract representations such as numbers and symbols
without any support (Agrawal & Morin, 2016). The CRA instructional framework has been studied for its effects
on a variety of mathematical topics, including algebra, place value, addition, subtraction, multiplication,
fractions, verbal problem solving, area, and perimeter (Flores, 2010). The CRA instructional framework has been
found to be an evidence-based practice for students with MLD who have difficulty performing computations that

require regrouping (Bouck, Satsangi, & Park, 2018).

Concrete representations are used in the first (concrete) stage, semi-concrete representations in the second
(representational) stage and abstract representations in the last (abstract) stage of the CRA framework to model

the mathematical concept or operation under consideration.

258



I.l E TSAR (International Journal of Education Technology and Scientific Researches) Vol: 9, Issue: 26, 2024

Concrete representations are three-dimensional physical materials and actions that students can
manipulate to better understand and make sense of the mathematical content presented (Fuchs et
al., 2005; Fuchs & Fuchs, 2001; Jitendra et al., 2016). Modelling a multi-digit number with base ten
blocks, using a set of fractions to identify equivalent fractions, and using role play to concretise a

problem situation are examples of concrete representations.

Semi-concrete representations are two-dimensional visual representations of the mathematical
guantities and relationships of a given problem that are used to organise mathematical knowledge
(Fuchs et al., 2005; Fuchs & Fuchs, 2001; Jitendra et al., 2016). Notches, simple drawings, bar graphs,
tables, graphs, number lines are examples of semi-concrete representations. Semi-concrete
representations are flexible; they can be used at different grade levels and for different types of
mathematical problems. They can be used by teachers to teach basic math facts and by students to
learn mathematical content. They can be presented as two-dimensional drawings on paper or
whiteboards, or virtually on a computer or tablet screen. Visual representations can take different

forms.

Abstract representations are mathematical representations that can include numbers, equations,
operations, relational symbols and expressions (Fuchs et al., 2005; Fuchs & Fuchs, 2001; Jitendra et
al., 2016). Mathematical representations that include numbers and symbols, such as the number '3,
the '=' sign, and the equation '2 + 2 = 4', are examples of abstract representations. Table 3 provides
examples of concrete, semi-concrete and abstract representations that best represent some

mathematical concepts and operations.

Table 3. Concrete, Semi-Concrete and Abstract Representations of Some Mathematical Concepts and Operations

Mathematical

concepts and processes

Concrete representation Semi-concrete representation  Apstract representation

ebase ten blocks

e connecting cubes e 5, 16,100
e abacus e 2+2=4
o Counting « Rekenrek® e hundreds chart e 5.322
o Addition . . o 5 frames, 10 frames
. o Cuisenaire rods® o e 2x2=4
o Subtruction . o strip diagrams
S ® beans, sticks e 4:2=2
o Multiplication e dot arrays
. e two-colored counters
o Equal sharing . e notches
e beans and containers
o tiny tiles
e balances
e base ten blocks e place value chart 1ten 5ones
o Place value e connecting cubes e pictures of base ten blocks 200+30+5
o Decimals e tiny tiles e hundreds chart 0,5
o decimal squares o rational number wheels 0,25+0,5=0,75
e connecting cubes « tables
. o Cuisenaire rods® . 3%
o Fractions e number line

e pattern blocks

o Data
e fraction bars

e strip diagram three-quarter

o Ratio and proportion e bar graph

e fraction circles

o tiny tiles * line plot 1/3 of 12
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o Patterns e connecting cubes
o Geometry e pattern blocks e pictures of geometric 1+2+3+4... +10
o Graphics o tiny tiles shapes and geometric
o Area/Perimeter e geometric solids objects 3691271821
o Volume e angle rulers, protractors, e checkered paper/notebook
o Symmetry tape measures e number line 3m, 5cm?, 12 m3
o Length Measurement e containers e isometric paper

o Geometric shapes
Adapted from Fuchs, L. S., Bucka, et al. (2021).

EBP 4: Using Number Lines to Develop Critical Understanding of Mathematics

With its ability to simultaneously represent all positive and negative real numbers — whole numbers, rational
numbers and irrational numbers - the number line stands out as a powerful teaching and learning tool that
facilitates students' development of a holistic understanding of numbers and supports advanced mathematics
learning (Fuchs et al., 2016; Lannin et al., 2020). There is a strong evidence base from 14 studies examining the
effectiveness of intervention programmes that use number lines as a supportive instructional tool to develop
critical mathematical understanding in students with MLD and at-risk students (for more information, see Fuchs,

Bucka, et al., 2021).

Proficient students often use a mental number line to solve problems (Keijzer & Terwel, 2003; Siegler et al.,
2011). Consistent use of number lines can help students understand the number system and improve their
overall mathematical performance (Dyson et al., 2018; Lannin et al., 2020). When number lines are consistently
used by teachers in the classroom, students gradually develop the ability to mentally visualise a number line
when comparing numbers in terms of magnitude, identifying problem-solving strategies and checking their
answers (Lannin et al., 2020). Table 4 describes the practices suggested in the literature for using number lines
to develop students' number knowledge during supportive teaching sessions in the context of whole and rational

numbers.

Table 4. Recommended Practices in the Literature on the Use of Number Lines to Develop Number Knowledge

Recommendation 1: Represent whole numbers, fractions and decimals on the number line to help students understand
quantitative quantities.

When teaching whole numbers; When teaching rational numbers;

o To help students form a mental image of what o Once students understand the concept of fractions through
a number line looks like, start by introducing a concrete representations, show how to represent fractions on the
concrete number line. For example, a number number line.
line that children can walk on. o Starting with familiar fractions, show the location of fractions on

o Using a concrete number line, show that the the number line.
distance between the positions 0 and 1 o Fold a strip of paper in half in the middle and discuss with students
determines the unit length, and that the how this represents the division of the distance 0-1 into two equal
distance between all neighbouring integers is parts on the number line. Ask them to mark the location of the
of equal length. fraction % (i.e. half). Then ask them to divide a strip of paper into

o Relate the concrete number line to a number four equal parts to locate the fractions % , 2/4 and %. Ask them to
line on paper or projected on a screen. Ask do the same with larger denominators such as 1/8.
students to identify similarities and differences o To emphasise the idea that the denominator of a fraction
between the two representations. Draw represents the total number of equal parts in a whole.
attention to the distance between O and 1and o Present number lines showing different unit fractions together so
the fact that this distance is the same length as that students can see the relative size of unit fractions.

1 unit. o To avoid the misconception that all fractions are between 0 and 1,

extend the number line segment used to represent fractions to the
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o Show that each notch on the number line is
equidistant from the previous and the next
notch.

o Explain that moving to the right on the number
line increases the size of the numbers by one
unit, as in counting forwards, and that moving
to the left decreases the size of the numbers by
one unit, as in counting backwards.

o Make sure that 0 is to the left of 1 on the
number line.

o Demonstrate how units of different lengths
also repeat on the number line by practicing
different skip counting exercises such as
counting by twos, fives, and tens.

(¢]

(¢]

(0]

range 0-2 to show fraction numbers equal to and greater than one
on the number line.

To show that whole numbers can also be represented by fractions,
by showing on the same number line the fraction numbers
corresponding to the numbers representing whole numbers on the
number line.

To concretize the concept of equivalent fractions, show students
how different fractions are located at the same point on the
number line by alternately dividing the number line into different
units. Reinforce the idea of equivalence by aligning concrete
representations such as Cuisenarie rods with the number line.
Reinforce the idea of equivalence by writing equivalent fractions
below rather than next to each other to show the location of the
fraction on the same number line.

Extend the idea of equivalence to decimals and percentages.

Recommendation 2: Use a number line to compare numbers and determine their relative magnitudes to help students

understand quantitative magnitudes.

When teaching whole numbers;

When teaching rational numbers;

o Start by placing two numbers on the number o Reinforce that, as with whole numbers, fraction and decimal
line using equal units. magnitude is related to how far to the right or left of zero a number
o Explain that the distance of each number from is located.
zero represents the magnitude of that number. o Before moving on to comparing fractions, make sure that students

o Pointing out that the magnitude of numbers
increases as you move to the right on the
number line, explain by showing that when
comparing two numbers, you determine which
is larger based on which is more equal units
away from zero (further to the right when
working with positive integers).

o

o

are clear that fractions can have infinitely many equivalents.
When thinking about fractions between 0 and 1, model comparing
the magnitude of fractions using "benchmark numbers" such as 0,
1/2 and 1.

Provide students with ample opportunities to practice locating
whole numbers, fractions and decimals on number lines and
comparing their relative magnitudes.

Recommendation 3: Use the number line to help students understand the concepts underlying operations.

When teaching whole numbers;

o After learning to compare whole numbers,
students can begin to add and subtract using
the distance between numbers on the number
line.

o Ensure that students focus on unit length or
distance rather than counting notches on the
number line.

o Have students practice writing the equation of
an operation modelled on the number line and
modelling the given equation on the number
line.

When teaching rational numbers;

o

(0]

Start by adding fractions with the same denominator using the
number line.

Then move on to adding fractions with different denominators and
explain how number lines make operations visible when there are
different denominators.

Use an even number line to make equivalences more visible for
students. This way, students can understand why finding
equivalent fractions is a necessary and correct approach to solving
such problems.

When first starting to multiply and divide fractions, include whole
numbers as one of the multipliers, divisors or dividends. In these
cases, the number line will be a functional representation tool as it
effectively represents both whole numbers and fractions.

Start with a word problem to lay the foundation for understanding
the concept behind the procedure.

Adapted from Fuchs, Bucka, et al. (2021).

EBP 5: Using Time-Limited Activities to Develop Math Fluency

Students with MLD have difficulty mentally performing basic facts (addition, subtraction, multiplication and
division) quickly (Baroody et al., 2009). In class, this problem results in students struggling with basic facts and
failing to follow teachers' explanations of new mathematical ideas (Baroody et al., 2009). Automating basic facts

provides students with more mental energy resources to understand more complex mathematical tasks and
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perform multi-step operations (Kanive et al.,, 2014). Therefore, increasing basic facts fluency becomes an
important goal of an intervention programme when it comes to supporting children with MLD or children at-risk

(Fuchs et al., 2008).

Time-limited activities are proposed as a functional tool for developing basic facts fluency. Time-limited activities
are exercises that take place within a 1-5 minute time period of an instructional session and require students to
produce correct responses to as many items as possible from a set of items focused on a specific target concept
or skill within this short time (Dyson et al., 2015). These activities are not the focus of the intervention and are
not designed to introduce a new concept or procedure. Instead, time-limited activities are introduced to
reinforce a concept that students have been working on for many sessions or to help them become automatic in
basic facts. In addition to increasing basic facts fluency, time-limited activities can also serve to build automaticity
in subtask steps that are important for solving more complex mathematical problems (Fuchs et al., 2009). For
example, to ensure automaticity in skills such as determining the place value when dealing with multi-digit
numbers or identifying the type of problem when solving word problems, part of the instructional time can be
devoted to time-limited activities that ensure the development of these skills. A strong evidence base has been
developed from 27 studies examining the effectiveness of intervention programmes that include time-limited
activities to improve the mathematical fluency of students with MLD or students at-risk (for more information
see Fuchs, Bucka, et al., 2021). Table 5. describes the strategies suggested in the literature for the effective use
of time-limited activities to support the fluency of students who are not developing fluency in basic mathematical

skills.

Table 5. Suggestions for the Effective Use of Time Limited Activities to Support Mathematics Fluency

e Decide which basic facts or task steps it would be useful to improve
fluency in in order to better understand the mathematical topic that is
the focus of the intervention.

e Create a timeline by prioritising the areas you have identified.

e Plan activities to support fluency in one of the areas you have identified.

¢ In the beginning, include easy elements in the activity.

e Increase the difficulty of items as students become fluent with easy
items.

e As you move on to more difficult items, continue to include the easy

Identify previously learned topics and
create a schedule for activities to support

fluency. items at the beginning so that students can differentiate between item
types.

e As students become fluent with different operations, include mixed
operations in the activities so that students become fluent in
discriminating between operations.

e Once students have developed fluency by working on one topic for
weeks, introduce the next topic.

e Prepare fluency activities using flash cards, computer programs or
worksheets (Powell et al., 2009).

e Determine the duration of the activity according to the number of items

Choose the type of activity and materials involved or the way the activity is carried out.

to be used, with time limits, and set clear e Structure activities so that students can work together in groups or
expectations about the rules of the individually.

activity. e Periodically introduce game-like features such as keeping score or getting

them to work together to increase individual scores.
e For small group activities, set clear expectations about who will respond
in what way and when. For example, one of the following forms of
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responding may be preferred: students responding in turn according to
seating order, students responding when the teacher points to them, or
students responding collectively. For collective responses, alternatives to
verbal responses can be used, such as holding up and showing answer
cards, writing and showing on mini whiteboards, or gestures.

e Set a warning signal so that students know when the activity starts and
ends. You can use the timer function on your mobile phone to give an
audible signal at the start and end of the activity.

e Plan time-limited activities that focus on previously learned content
(Dyson et al., 2015).

o In other parts of the support lesson, include teaching the strategies you
want students to use during time-limited activities.

e Remind students to use a strategy they know before they start the time-
limited activity (Fuchs et al., 2010).

o |f necessary, remind them with an example of how to use a strategy they
already know that you want them to use during the time-limited activity.

Ensure that students have effective
strategies to use during the time-limited
activity.

o At the start of timed activities, remind students that the aim is to get as
many correct answers as possible in a short time.
e Have students record their fluency score for each session on a chart or
graph.
Motivate students to work hard and e Provide students with this visual feedback periodically and have them set
continue to use effective strategies by goals to reach or exceed the fluency score achieved previously.
showing them the improvement in their e Goals can be set as a group or individually. Group goals can take the
fluency. pressure off individual students. If individual goals are set, care should be
taken to ensure that the individual graphics remain personal.
e Make sure that each student only compares his performance with his
previous performance, so that goal setting does not become an
exhausting competition.

Activities such as flash cards etc: If students give an incorrect answer, ask
them to correct it immediately. If students find it difficult to correct the
error, remind them to use the effective strategy they have already learned
to get the correct answer. After students have corrected their errors using
the effective strategy, ask them to explain why the new answer is correct.

Provide immediate feedback during time- Computer-based programs: Choose programs that reward students for
limited activities and guide them to use correct answers, warn them when their answers are incorrect, and do not
effective strategies to correct their allow them to move on to the next question until they correct the incorrect
mistakes. answer.

Worksheets When the activity time is over, take back the students'
worksheets. Check and mark their answers as soon as possible and then
discuss with them the answers that need correcting and the effective
strategies that can be used. After correcting, ask them to explain why the
new answer is correct.

Adapted from Fuchs, Bucka, et al. (2021).

EBP 6: Teaching Problem Solving Based on Common Problem Structures

Word problem solving instruction helps students to develop mathematical thinking skills. Research shows that
word problem solving skills are an essential part of mathematics education and have a positive effect on students'
mathematics achievement (Batty et al., 2010; Fuchs, Seethaler, et al., 2021; Jitendra et al., 2013; Powell et al.,
2015; Turhan & Given, 2014). In addition, word problem solving skills have a positive effect on students'
perception of mathematical self-efficacy (Ural, 2015). Developing word problem solving skills positively affects

students' attitudes towards mathematics by increasing their mathematical self-efficacy (Ural, 2015). This, in turn,
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can positively affect students' relationship with mathematics and increase their mathematics achievement
(Ozgen et al., 2017). To successfully solve word problems, students must complete the following steps completely

and accurately (Powell et al., 2019):

- Read and understand the problem text, including mathematical vocabulary.

- Distinguish information that is relevant to solving the problem from irrelevant information.
- Represent the word problem correctly.

- Decide which arithmetic operations are appropriate to solve the word problem.

- Carry out calculations.

-Checking the answer to make sure it makes sense.

Unfortunately, students with MLD and students at-risk often struggle with one or more of these steps, which can
be a significant barrier to becoming successful problem solvers (Jitendra et al., 2015). Research shows that
students with MLD and at-risk students have more difficulty solving word problems than their peers (Powell et
al.,, 2019; Jitendra et al., 2015; Fuchs et al., 2010). Therefore, students with MLD and at-risk students need
supportive instruction to improve their problem solving skills. Schema instruction as an effective word problem
solving method based on common problem structures has been found to be effective for students with MLD
(Jitendra et al., 2016; Jitendra et al., 2013; Jitendra et al., 2015; Jitendra et al., 2007; Montague et al., 2011; Fuchs
et al., 2010).

Word problem solving in primary classrooms is usually done by presenting problems involving the four operations
(Jitendra et al., 2013). Unfortunately, learning to perform arithmetic operations alone is not sufficient for
students to successfully solve Word problems (Powell et al., 2015). Teaching students how to solve Word
problems using schematic representations of the problem structure is more effective than teaching them to rely
solely on keywords that point to specific arithmetic operations (e.g. 'all', 'difference’, etc.) to arrive at the answer
(Jitendra et al., 2007). A strong evidence base has been developed from 18 studies examining the effectiveness
of intervention programmes that include Word problem solving instruction based on common problem

structures for students with MLD and at-risk students (for more information, see Fuchs, Bucka, et al., 2021).

The word problems that students encounter throughout primary school are classified as additive and
multiplicative in terms of the elements they contain and the arithmetic operations required to solve them (Powell
& Fuchs, 2018). Problems in both categories are divided into sub-problem types in terms of the relationships
they contain. A word problem type includes all problems with the same quantities or salient features (Jitendra

et al, 2016).

Additive problem types are grouped into grouping, comparison and change problems. Regardless of the type,
additive problems involve addition or subtraction concepts and operations (Powell & Fuchs, 2018). Additive
problem types, graphical representations of these problem types, equations used for solution, and problem

examples are presented in Appendix 1. Multiplicative problem types are grouped as equal groups, comparison,
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and ratio-proportion problems. Regardless of the type, multiplicative problems involve multiplication or division
concepts and operations (Powell & Fuchs, 2018). Multiplicative problem types, diagram representations of these

problem types, equations and problem examples used for solution are presented in Appendix 2.

Effective schema instruction consists of three basic elements (Powell & Fuchs, 2018; Powell et al., 2016). The first
of these elements relates to teaching students what each schema means. Schema teaching begins with the
introduction of a single targeted problem type. At this stage, the elements of the targeted problem type and the
schema specific to the problem type are introduced through problem stories in which there are no unknown
elements. They are taught how to identify the elements of the problem in the problem story and how to transfer
them to the schema by explicit instruction. This process, in which responsibility is gradually transferred from the
teacher to the students, continues until the students can easily identify the problem elements. Then the equation
specific to the problem type is introduced. Its place in each problem element is emphasised by associating it with
the diagram. Using different stories from those used before, the students are given exercises in identifying the

problem elements, placing them in the diagram and substituting each problem element in the equation.

The second basic element of effective schema instruction is related to teaching a solution strategy for each
schema. After the students have understood the meaning of the schema in relation to the targeted problem
type, the problem solving phase begins with real problem examples where one of the problem elements is
unknown. In this phase, where the teacher models by thinking aloud and then guides the students step by step
to independence, the students learn to place the problem elements in the word problem texts in the schema, to
represent the unknown element with a symbol (e.g. '?') on the schema, to write the equation that leads to the
solution of the problem using the schema, and to write the answer by finding the missing element in the equation

by performing operations.

The third key element of effective schema instruction relates to the teaching of important vocabulary and
language structures associated with problem types. For example, when working on grouping problems, it is
necessary to ensure that students have prior knowledge of the vocabulary that represents sub-categories and
super-categories. Problem solving skills rely heavily on reading and language comprehension. Given the reading
and language difficulties of students with learning disabilities, the importance of spending extra time on

vocabulary and language when teaching word problem solving is clear (Powell & Fuchs, 2018).

CONCLUSION

In recent years, the focus of studies on evidence-based practices in special education has shifted from identifying
effective interventions to exploring the barriers to their implementation in classroom settings (Russo-Campisi,
April 2017). It is quite predictable and common that this issue, which can be briefly referred to as the research-
practice gap, has become the focus of research. Indeed, the ultimate goal of all the efforts of educational
researchers is to produce products that can lead to positive outcomes for students. The main obstacle to

achieving this goal is that practices that have been shown to be effective by research are rarely used in real
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classroom settings, while other practices that have no or limited effect on student outcomes, and even negative
effects, are often preferred by teachers (Burns & Ysseldyke, 2009; Carnine, 1997). Studies that inform teachers
about what evidence-based practices are and how to use these practices in real classroom settings will contribute

to the use of evidence-based practices in classrooms by bridging the gap between research and practice.
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APPENDICES

Appendix 1. Additive Problems

Prablem type and

Representation scheme and equation

Sample problems

definition
Total urnknowr: One of the two parts unknown. =
Grouping problems: Al has 3 candies and Ece has 2 Ali and Ece hawe a total of 5
Itu.lt-ull candies, How many candies will candies. Since 3 of the candies
Srmiall graups coome they have together? belong ta AN, haw mary candies
together to farm a does Ece hawa?
large group. Pl p2
izart] partl
pl+p2=T
The difference unknown: The bigger number unknown: The tmolier number umkmown:
Comparison problems: Ali has 3 candies and Ece has 2 Eca has 2 candies. Since Ali has 1 Al has 3 candies. Since AR has 1
B candies. How many more candieas miore candy than Ece, how many mone candy than Eoa, how many
Groups are comparsd imiager] does Ali have than Ece? candies doss Ali have? candims does Eoe have?
1o find the difference.
-]
lymalier| IdiFFerencal
B-s=D
End unknown (increase): Change vaknown (increase): Beginning unknown (incréase):
Prablems of change: Ali had 3 candies. Eee gave Ali 2 Ali had 3 candies. When Ece gave When Ece gave Ali 2 more candies,
tenengsl mone candses. How marmy candies her candies ta A, Ali had 5 Ali had 5 candies. How many candies
The initial amount did Ali have? candies. How many candies did did A hawe at the beginning?
changes by increasing Epe give to Ali?
or decreasing.
B E
Ieegraizg) sl End unknown (decreaze]: Change unknown (decreose): Beginming unknown [decreass):
Ali had 3 candies. Ali gave X of his Ali had 3 candies. 'When he gave When he gave 2 of his candies to
candies to Ece. How marry candies some af his candy to Ece, Ali kad Ece, Ali had 1 candy left. How many
BeC=E does Ali have left? 1 candy left. How many candies candies did Ali have before he gave
B-C=E

did Ali give to Ece?

them to Ece?

Adapted from Powell & Fuchs [2018).

Appendix 2. Multiplicative Problems

Problem type and Representation scheme and equation Sample problems
definition

Product unkaowi: Groups unknown: Rate wnknown:
Equal groups Alli bought 5 boxes of Geggs | Al bought 5 baxes of eggs from the | Ali bought a box of 6 eggs from the
problems: from the supermarket. How miarket. Since the total number of supermarket. Since the tatal

X =] miary eges did Ali buy in g is 30, how many eges are in number of eggs & 30, how many

& number of tatal? ane box? boxes of eggs did Ali buy?
egqual sets grougs et prodect

Product unknown: St unknowrn: Multiplier unknown:
Multiplicative The price of a blue hat is & The price of a red hat & 18 liras. If The price of a red hat & 18 liras
comparison liras. How rmarry Bras i the the price of the red hat is 3 tirmes and the price of a blue hat is 6
problems: X = price of the red hat the price | the price of the blue hat, bew much | Bras. Aeccording to this, how many
Onesetas a af the blue hat? i the blue hat? tirrses the price of the red hat is the
multiple or part of st enuttiplier preduct price of the blue hat?
anather set

W thes Subject wnknown: Objact wiknow:

Proportion A worker plants 36 saglings M worker plants 36 saplings in 2
problems: in 2 haurs. How many howrs, How rmany howrs will it take

saplings will this farmer this farmer to plant 126 saplings?
Relationship o plant in 7 hours?
among quantities

£ompaned Base unknown: Compored wikmawr: Ratio unknowna:

Ratio problems ratic The ratio of female studerts | The ratio of female students o There are 15 girls and 25 baysin a

1o make students in & clais is mdle students ina class 5 35, clagi What is the ratio of fernale
Ratio of two 3f5. Since there are 15 girls Since there are 25 male students in | Students bo male students?
quantities — in this class, what & the this class, what is the number of

number of boys? fermale students?

base

Adapted from Powell & Fuchs [2018).
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MATEMATIK GUCLUGU OLAN VE RiSK ALTINDAKi OGRENCILERiI DESTEKLEMEK:
KANIT TEMELLI MATEMATIK MUDAHALESI

0z

Matematik, glinlik yasam ve akademik basari i¢in oldugu kadar gelecekteki is olanaklari agisindan
da kritik bir 6neme sahiptir. Matematik becerilerine sahip olan bireyler, genellikle analitik
disiinme, problem ¢6zme ve elestirel diislinme becerilerini gelistirme egilimindedirler. Ne yazik ki
ulusal ve uluslararasi degerlendirmeler Tirkiye’deki 6grencilerin pek ¢ogunun matematikte
basarisiz oldugunu gostermektedir. Matematik egitiminin kalitesi ve 6gretimin etkili bir sekilde
sunulmasi, bireylerin akademik ve mesleki basarilari izerinde olumlu bir etki yaratabilir. Mevcut
kosullar altinda egitimciler, 6grencilerin matematikte basarili olabilmesi i¢in hangi 6gretim
uygulamalarinin etkili oldugunu bilmeye 6grencilerinin matematik basarilari géz 6niine alindiginda
her zamankinden daha fazla ihtiyag duymaktadir. Matematigi 6grenmekte zorlanan ve matematik
becerilerini gelistirmek lizere desteklenmeye ihtiyaci olan 6grenciler icin en etkili uygulamalari
belirlemeye yonelik cabalarin giincel odagi kanit temelli uygulamalardir. Kanit temelli uygulamalar,
bilhassa akademik basarisizlik riski tasiyan Ogrenciler icin deneysel ortamlarda anlamli ve
degisimleri ortaya koysa da gercek 6gretim ortamlarinda uygulamaya konmadikg¢a 6grencilerin
performansina bu etkilerin yansimasi miimkiin degildir. Ogretmenlerin kanit temelli uygulamalar
konusunda bilgi sahibi olmasi ise bu uygulamalarin gergek 6gretim ortamlarindaki kullaniminin
yayginlasmasi icin 6nkosuldur. Bu nedenle bu makale, matematik 6grenme gligligl olan ve risk
altindaki 6grenciler icin kanit temelli uygulama olarak tanimlanan 6gretim uygulamalarini tanitmak
amaciyla kaleme alinmistir. Bu makalenin s6z konusu uygulamalarin 6gretmenler tarafindan
benimsenme ve aslina uygun seklide kullaniima olasiligini artirarak matematigi 6grenmekte gicliik
ceken ilk ve orta okul 6grencilerine yonelik destek 6gretim uygulamalarina katkida bulunacagi
disinilmektedir.

Anahtar kelimeler: Kanit temelli uygulamalar, matematik 6grenme gucligl, kanit temelli
midahale

275



I.l E TSAR (International Journal of Education Technology and Scientific Researches) Vol: 9, Issue: 26, 2024

GiRiS

Matematik, glinlik yasamda karsilasilan problemleri ¢6zme, analitik diisinme becerilerini gelistirme ve mantikh
kararlar alma yetenegi gibi onemli becerilerin kazanilmasina yardimci olur. Ayrica, matematiksel okuryazarlik,
bireylerin finansal konularda bilingli kararlar almasina olanak tanir. Matematik becerilerine sahip olan bireyler,
genellikle analitik dusiinme, problem ¢ozme ve elestirel diisinme becerilerini gelistirme egilimindedirler.
Matematik, mihendislik, finans, bilgisayar bilimi gibi bircok meslek alaninda temel bir gerekliliktir ve bu alanlarda
kariyer yapmak isteyen bireyler matematikte basarili olmak durumundadir. Ozetle, matematik, giinliik yasam ve

akademik basari igin oldugu kadar gelecekteki is olanaklari agisindan da kritik bir Sneme sahiptir.

Uluslararasi basari izleme galismalari ve ulusal kademeler arasi gegis sistemlerinde kullanilan merkezi sinav
sonuglar (zerinden yapilan degerlendirmeler, Tirkiye'deki ilkogretim 6grencilerinin matematik basarisinin
istenilen diizeyde olmadigini (Sari et al., 2017; Suna & Ozer, 2021) ve zaman icinde istikrarli bir sekilde artmadigini
(Soysal, 2019) gostermektedir. En glincel PISA (Programme for International Student Assessment) sonuglarina
gore Tirkiye'de U¢ 6grenciden biri matematikte temel yeterliklere sahip degildir (Korlu, 8 Aralik 2023). MillT Egitim
Bakanlig tarafindan gergeklestirilen Liselere Giris Sinavi (LGS) sonuglarina gére 2020 yilinda sinava giren sekizinci
sinif 6grencilerinin dogru cevap sayisi ortalama dokuzdur. Bu 6grencilerin yaklasik % 22’si 20 soruluk matematik
alt testinde en fazla bes soruya dogru yanit verebilmistir (Millf Egitim Bakanligi [MEB], Agustos 2020). 2021 yilinda
gerceklestirilen LGS sonuglarina gore sekizinci sinif 6grencilerinin ortalama dogru yanit sayisi 7,5 ve 20 matematik
sorusu arasindan en fazla 5 soruya dogru yanit verebilen 6grencilerin orani %37’dir. 2022 yili LGS sonuglarina gore
ise o6grencilerin ortalama dogru yanit sayisinin 9 oldugu ve 20 soru arasindan en fazla 5 soruyu dogru
yanitlayabilen 6grencilerin oraninin % 30 oldugu gorilmektedir (MEB, Temmuz, 2021; MEB, Temmuz 2022). Ulusal
ve uluslararasi sinav sonuglarinin da ortaya koydugu gibi tlkemiz 6grencileri arasinda matematik basarisi diisiik
olan 6grencilerin orani goz ardi edilemeyecek diizeydedir. Bu durum Milli Egitim Bakanlhigi’ni alarma gegirmis ve

2022 yilinda matematik seferberligi baslatilmistir (MEB, 17 Mayis 2022).

Matematik egitiminin kalitesi ve 6gretimin etkili bir sekilde sunulmasi, bireylerin akademik ve mesleki basarilari
Uzerinde olumlu bir etki yaratabilir. Mevcut kosullar altinda egitimciler, 6grencilerin matematikte basarili
olabilmesi icin hangi 6gretim uygulamalarinin etkili oldugunu bilmeye 6grencilerinin matematik basarilari goz
online alindiginda her zamankinden daha fazla ihtiyag duymaktadir. Bu makale egitimcilerin bu konudaki
ihtiyacina yanit verebilmek amaciyla yazilmistir. Makalenin amaci okuyuculari, 6zellikle 6grencilere dogrudan
hizmet verenleri, matematik 6grenmede zorluk yasayan 6grencilere yonelik etkili matematik 6gretiminde kanita

dayali uygulamalar konusunda bilgilendirmektir.

Kanit temelli uygulamalar, bilhassa akademik basarisizlik riski taglyan ve etkili 6gretime ihtiyag duyan 6grencilerde
anlamh ve olumlu degisimleri elde etme konusunda 6nemli bir potansiyele sahiptir (Vaughn & Dammann, 2001).
Ancak bu potansiyelin ortaya ¢ikmasi icin s6z konusu uygulamalarin aslina uygun bicimde uygulanmasi gerekir.
Zira bir uygulamanin kanita dayali oldugunu bilmek bir sey, onu uygulamak ise tamamen baska bir seydir (Cook

vd., 2008; Fixsen vd., 2009, s. 5). Kanit temelli uygulamalarin 6gretmenler tarafindan aslina uygun olarak
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kullanilabilmesi i¢in s6z konusu uygulamalara iliskin 6gretim stiregleri islevsel olarak tanimlanmalidir. Bu nedenle
kanit temelli uygulamalar agik¢a tanimlanmis ve yinelenebilir 6gretimsel davranislar icermelidir (Cook & Cook,

2013).

Bir uygulamanin genel olarak kanit temelli uygulama olarak adlandiriimasi pek islevsel degildir. Uygulayicilar, bir
uygulamanin hangi 6gretim ortamlarinda hangi yas diizeyinde ve hangi ozellikleri tasiyan 6grencilerin hangi
becerilerini gelistirme konusunda kanit temelli oldugunu bildiklerinde bu uygulamayi islevsel bulacak ve amacina
uygun olarak kullanabilecektir (Horner vd., 2010). Bu makalede, anaokulundan altinci sinifa kadar matematik
0grenmede zorluk yasayan 6grencilerin tam sayilar ve rasyonel sayilar baglaminda sayi bilgisi ve problem ¢ézme
gibi temel matematik becerilerini iyilestirme konusunda gii¢li kanit temellerine sahip olan uygulamalarin (Fuchs,
Bucka vd., 2021) islevsel tanimlari yapilmaktadir. Bu yoniyle makalenin séz konusu uygulamalarin 6gretmenler
tarafindan benimsenme ve aslina uygun seklide kullanilma olasiligini artirarak matematigi 6grenmekte gligliik

ceken ilk ve orta okul 6grencilerine yonelik destek 6gretim uygulamalarina katkida bulunacagi distiniilmektedir.

Kanit Temelli Uygulama Nedir?

Ogrencilerinin arzu edilen kazanimlari elde etmesini isteyen &gretmenlerin derslerinde bu kazanimlari ortaya
¢tkarma olasiligi en yiiksek olan 6gretimsel uygulamalari ise kogmalari etkili ve verimli 6gretimin anahtaridir. Zira
her miidahale esit derecede etkili degildir, bazi miidahalelerin 6grenci kazanimlarini artirma olasiligi digerlerinden
daha yuksektir (Forness vd., 1997). Bu yadsinamaz gercekten hareketle egitimciler ‘neyin ise yaradigini’ belirmeye
yonelik strekli bir ¢aba igerisinde olmustur. Bu gabalarin en giincel yansimasi ise egitimde kanit temelli
uygulamalarin belirlenmesine yonelik girisimlerdir. Egitimde kanit temelli uygulamalar, 6grenci ciktilarini
iyilestirme konusundaki etkililigi, givenilir arastirmalarla desteklenen 6gretim teknikleridir (Cook vd., 2012;

Slavin, 2002).

90’li yillarda tip alaninda ortaya ¢ikan (Sackett et al., 1996) kanit temelli uygulamalar terimi kisa stirede tarim,
hemsirelik, psikoloji ve egitim gibi alanlara sirayet etmistir (Slavin, 2002). Tip (Haynes et al., 1997), psikoloji
(Chambless et al., 1998) ve okul psikolojisi (Kratochwill & Stoiber, 2002) alanlarinda kanit temelli uygulamalari
belirlemeye ydnelik dlgiitler ve standartlar gelistiriimis ve uygulanmistir. Ozel egitimde kanit temelli uygulamalara
iliskin ilk ¢alismalarin odak noktasi da kanit temelli uygulamalarin belirlenmesine yonelik olgltler gelistirmek

olmustur (Cook vd., 2009; Gersten vd., 2005; Horner vd., 2005; Odom vd., 2005).

Egitim alaninda kanit temelli uygulamalari tanimlama amaci giden, bir uygulamanin kanita dayali olarak kabul
edilmesi icin neyin gerekli oldugu konusunda kendi yaklasimina sahip gesitli kuruluslar bulunmaktadir (Cook vd.,
2012; Mayer, 2011; Slavin, 2008). Her ne kadar bu kuruluslarin her biri kanit temelli uygulamalari kendi 6l¢iitlerine
dayal olarak belirliyor olsa da su dort temel konu ortak paydayi olusturmaktadir (Cook & Cook, 2013; Cook, vd.,
2018):

e Arastirma tasarimi: Diger bilim alanlarinda oldugu gibi egitim alaninda da bilimsel bilgi birikiminin

olusmasi ve alanin gelistiriimesinde ¢esitli arastirma tasarimlarindan yararlanilmaktadir (Odom et al.,
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2005). Bu tasarimlar arasindan arastirmacilar yanit aradiklari arastirma sorularina en uygun yanitlari
ortaya gikarma potansiyeline sahip olanlari kullanirlar. Bir 6gretim uygulamasinin 6grenci sonuglarinda
degisiklige neden olup olmadigl sorusunu yanitlamaya en uygun arastirma tasarimlari ise nedenselligi
ortaya koyabilecek olan tasarimlardir (Cook vd., 2008). Buna gore kanit temelli uygulamalarin
belirlenmesinde yalnizca grup deneysel, grup yari deneysel ve tek denekli arastirma desenlerini kullanan
calismalar dikkate alinmaktadir (Gersten vd., 2005; Horner vd., 2005).

e Arastirma kalitesi: Arastirma tasarimi olarak ne tercih edilmis olursa olsun uygun bicimde yiritilmeyen
bir arastirmanin bulgulari hatali ve yaniltici olabilir. Bu nedenle, destekleyici arastirma calismalarinin
ongorilen kalite standartlarini karsilayacak bir yontemsel titizlik icerisinde ylratilmis olmasi kanit
temelli uygulamalarin ayirt edici 6zelliklerinden biridir (Cook & Cook, 2013). Ozel egitim alaninda
deneysel ve yari deneysel grup ¢alismalari icin 10 tane temel ve 8 tane arzu edilen kalite gostergesi
onerilmektedir. Bir calismanin yiiksek kaliteli olarak kabul edilebilmesi icin temel gostergelerden en az
9’unu, arzu edilen gostergelerden ise en az 4’Gini karsilamasi gerekir (Gersten vd., 2005). Tek denekli
deneysel desenler ile yirutiilen ¢alismalar igin ise 21 adet kalite gostergesi onerilmekte ve tek denekli
bir calismasinin ancak bu gostergelerin tamamini karsiladigl takdirde kanit temelli uygulamalarin
belirlenmesinde dikkate alinabilecegi belirtilmektedir (Horner vd., 2005).

e Arastirma miktari: Bir uygulamanin 6grenci sonuglarini glivenilir bir sekilde iyilestirdigini gostermek igin
bu uygulamayi destekleyen uygun tasarima sahip ¢ok sayida yliksek kaliteli calismanin bulunmasi gerekir.
Bu nedenle kanit temelli uygulamalar hicbir zaman tek bir arastirma calismasina dayandirilamaz (Cook &
Cook, 2013). Gersten ve arkadaslari (2005), bir uygulamanin 6zel egitimde kanit temelli kabul edilmesi
icin en az iki adet yliksek kaliteli veya dort adet kabul edilebilir kalitede grup deneysel ve yari deneysel
calisma tarafindan desteklenmesi gerektigini belirtmektedir. Bir uygulamanin kanit temeli tek denekli
arastirmalara dayal olarak belirlenmek istendigindeyse en az (g farkl cografi bolgede ve en az g farkh
arastirmaci tarafindan ylrGtilmis, toplamda en az 20 katilimcinin yer aldigi, hakemli dergilerde
yayinlanmis en az 5 adet yiksek kaliteli tek-denekli arastirma calismasina ihtiyag vardir (Horner et al.,
2005). Ayrica bazi kuruluslar bir uygulamanin kanit temelli uygulama olarak belirlenmesine yonelik
dislayici 6lgiitler de kullanmaktadir. Ornegin, kanit temelli bir uygulamanin olumsuz veya belirsiz etkisini
gosteren kabul edilebilir kalitede hi¢bir calisma bulunmamasi What Works Clearinghouse (WWC, 2022)

tarafindan benimsenen bir dislayici 6lgtttar.

Kanit olusturan ¢alismalarin etki biiyiikliigii: islevsel veya pedagojik acidan kayda deger bir énem
tasimayan etkiler bir uygulamanin kanit temelli uygulama olarak tanimlanmasi i¢in yeterli degildir (Cook
& Cook, 2013). Bu nedenle, etki buyukligiu kanit temelli uygulamalarin belirlenmesinde 6nemli bir
Olglttir. Bu Olglt, bir uygulamanin etki derecesini belirlemek igin kullanilir ve genellikle deneysel
calismalardan elde edilen verilerle hesaplanir (Toraman vd., 2018; Tosuntas vd., 2020). Gersten ve
arkadaslari (2005), bir uygulamanin kanit temelli uygulama olarak tanimlanabilmesi icin s6z konusu
uygulamanin yiksek ve kabul edilebilir kalitedeki ¢alismalarda sifirdan anlamli diizeyde daha biiyik bir

etki buyukligi ortaya koymasini 6nermektedir. Diger yandan Horner ve arkadaslari (2005), tim yiksek
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kaliteli tek denekli arastirmalarin miidahaleyle birlikte 6grenci sonuglarinda meydana gelen degisimin

blyuklGginiln sosyal acidan da 6nemini gosterdigini 6ne siirmektedir.
Ozetle kanit temelli uygulamalar terimi, nedenselligi ortaya gikarabilecek arastirma tasarimlarindan yararlanan,
¢ok sayida ve yiksek kaliteli calismalarla desteklenen ve 6grenci sonuglari tizerinde anlamli diizeyde etkisi olan
uygulamalari ifade etmektedir (Cook vd., 2018). Anlasildigi tGzere bir uygulamanin kanit temelli uygulama olarak
tanimlanmasi icin pek ¢cok degerlendirme 6lgltiini es zamanli olarak karsiliyor olmasi gerekmektedir. Ancak yanlis
terminoloji kullanimi zaman zaman bu &lgutleri karsilamaktan ¢ok uzak olan uygulamalarin da kanit temelli
uygulama gibi algilanmasina yol agmaktadir (Cook & Cook, 2013). Dolayisiyla kanit temelli uygulamalarin ne
oldugunu daha acik ifade edebilmek icin kanit temelli uygulamanin ne olmadigina da deginmekte fayda vardir.
Etkili olduguna inanilan 6gretim uygulamalarina atifta bulunmak igin en iyi uygulamalar, 6nerilen uygulamalar,
arastirmaya dayal uygulamalar, bilimsel dayanakli uygulamalar ve kanita dayali uygulamalar gibi gesitli terimler
kullanmaktadir. Tum bu terimler etkili 6gretim uygulamalarini belirtmeye yonelik iyi niyetli gabalar neticesinde
ortaya ¢ikmis olsa da her biri farkli anlamlara gelir ve ampirik desteklere iliskin olarak farkli keskinlik standartlarini
ifade ederler (Cook & Cook, 2013). Herhangi bir 6gretim programinin igerdigi ilkeleri destekleyen bazi arastirmalar
bulmak miimkindur (Slavin, 2002), bu da neredeyse her uygulamanin arastirmaya dayali ya da bilimsel dayanakh
olarak adlandirilabilecegi anlamina gelmektedir. Ancak bir uygulamanin arastirma temeli oldukg¢a saglam ve titiz
arastirmalardan olusabilecegi gibi kusurlu ve yetersiz arastirmalardan da olusabilir. Bu nedenle bir uygulama kanit
temelli uygulamalar igin ©ngorillen kati standartlari karsilamadik¢a kanit temelli uygulama olarak
adlandirilmamalidir. Ote yandan, kanit temelli bir uygulama teknik olarak arastirmaya dayali olsa da ‘kanit temelli
uygulama’ olarak anilmalidir (Cook & Cook, 2013). Kanit temelli uygulamalar ile karistirilan bir baska terim ise ‘en
iyi ve 6nerilen uygulamalar’ terimidir. Ancak bu terimin uzun yillar boyunca yanlhs kullanilmasi en iyi uygulama
olarak onerilen bir uygulamanin gegici bir moda akimi gibi algilanmasina neden olmaktadir (Peters & Heron,
1993). Bu nedenle, kanit temelli uygulamalari ‘en iyi ve Onerilen uygulamalar’ olarak adlandirmaktan da

kaginilmalidir.

Matematik Giigliigii Olan ve Risk Altindaki Ogrenciler Kimlerdir?

Dusliik matematik basarisina gevresel ya da kisisel pek ¢ok faktor kaynaklik edebilmektedir. Olumsuz sosyo-
ekonomik sartlar, iki dillilik, kaltarel farkhliklar ya da uygun 6gretimsel firsatlara erisememe gibi dis etmenler
cevresel faktorler arasinda yer almaktadir (Olkun, 2015; Ozmen, 2017). Kisisel faktdrler arasinda ise zihinsel ya da
duyusal yetersizliklerden etkilenmis olma, kaygi bozuklugu, dikkat daginikhgi, hafiza sorunlari ya da disleksi gibi
matematik basarisini dolayli olarak etkileyen faktérler ile sayma ve hesaplama performansinda gelisimsel olarak
ortaya ¢ikan veya beyin hasarina bagli olarak gériilen beyin temelli giicliikler yer almaktadir (Olkun, 2015; Ozmen,
2017). Gelisimsel olarak kendini gésteren sinirh bireysel kapasiteden kaynaklanan matematik giiglikleri diskalkuli
olarak adlandirilirken beyin hasari neticesinde olusan matematik gigliikleri akalkuli olarak anilmaktadir (Olkun,

2015).

Diskalkulisi olan 6grencilerin de iginde yer aldigi (Murphy vd., 2007), okul ¢agl ¢ocuklarinin yaklasik %10'u

matematikte sirekli disuk basarili 6grenciler olarak siniflandiriilmaktadir (Berch & Mazzocco, 2007; Fuchs vd.,
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2007; Geary, 2011). Bir okula devam eden ayni sinif diizeyindeki 6grenciler arasinda matematik performansi en
diisuk %20 ile %35'lik dilimde yer alan 6grencilerin ise diskalkuli riski altinda olduklar disliniilmektedir (Bryant
vd., 2011; Fuchs vd. 2007). Diskalkulisi olan 6grencilerin akademik basarisi, okulun ilk yillarindan itibaren
akranlarinin gerisinde kalmakta ve ilerleyen okul yillariyla birlikte akranlari ile aralarindaki basari agigl artmaya
devam etmektedir (Xin vd., 2017). Bu nedenle bu 6grencilerin akranlariyla benzer seviyelerde matematik
basarilarina erismelerine yardimci olmak igin bu gocuklarin okul ¢apinda taramalar yoluyla olabildigince erken
belirlenmesi ve kanita dayali uygulamalar yoluyla matematik becerilerinin desteklenmesi 6nerilmektedir (Bailey

vd., 2020; Dennis vd., 2016; Kuhl vd., 2021).
Matematik Giigliigii Olan Ogrenciler igin Onerilen Kanit Temelli Uygulamalar Nelerdir?

Matematik glicligl olan ve risk altindaki 6grenciler matematik becerilerini gelistirmek i¢in kigik grup veya bire
bir 6gretim ortamlarinda desteklenmeye ihtiyag duymaktadir. Bu ek o6gretimlerin etkililigi ise sunulan
midahalelerin niteligi ile dogru orantilidir. Bu nedenle egitim arastirmacilari on yillardir kiiglik grup veya bire bir
ortamlarda 6grencilerin ihtiyaglarini karsilayan matematik midahalesine yonelik etkili yaklasimlari belirlemeye
yonelik calismalar yiritmektedir. Amerika Birlesik Devletleri’nde 2021 yilinda gergeklestirilen bir panel bu
¢abalari bir araya getirerek matematik giigligi olan 6grenciler icin etkili miidahalelerin ortak 6zelliklerinden yola

cikarak su alti uygulamayi kanit temelli uygulamalar olarak tanimlamistir (Fuchs, Bucka, vd., 2021):

1. Acik ve sistematik 6gretim yapmak

2. Somut ve yari somut temsiller kullanmak

3. Acik ve 6zIi matematik dilini 6gretmek ve kullanimini tesvik etmek

4. Sayidogrusu kullanmak

5. Sire sinirh etkinliklere yer vermek

6. Ortak problem yapilarina dayal problem ¢ézme 6gretimi yapmak
Bu uygulamalarin her biri arastirmalar igin kalite standartlarini belirleyen glivenilir kuruluslardan biri olan What
Works Clearinghouse (WWC) tarafindan belirlenen kalite standartlarini karsilayan arastirmalarda gesitli 6grenci
popilasyonlari icin sonuglari iyilestirdigini gosteren tutarh ve gigli kanit temeline sahiptir (Fuchs, Bucka, vd.,
2021). Ogrencileri daha akici matematik performansina dogru yénlendirme potansiyeline sahip olan bu
uygulamalarin birlikte kullanilmasi 6grencilerin en glicli sonuclari elde etmesini saglayacaktir (Fuchs, Bucka, vd.,

2021). Makalenin devaminda bu uygulamalar tanitilmaktadir.
KTU 1: Acik ve Sistematik Ogretim Yapmak

Matematik glcligl olan ¢eken 6grencilerin matematik basarisini artirmaya yonelik etkili midahalelerin ortak
ozelligi, 6gretim materyallerinin tasariminda ve 6gretim sunumundaki sistematikliktir (Clarke vd., 2015; Steedly
vd., 2008). Kisaca agik 6gretim olarak da anilan agik ve sistematik 6gretim yaklasimi, bir kavram ya da islemin
dikkatle siralanmis ve oldukca yapilandirilmis bicimde 6gretilmesine dayanir (The IRIS Center, 2017). Boyle bir

ogretim yaklasimi her 6grenci icin faydali olmakla birlikte 6zellikle matematigi 6grenmekte gliclik c¢eken
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ogrenciler sinif diizeyindeki temel kavram ve becerileri 6grenmek icin acik ve sistematik 6gretime ihtiyac
duymaktadir (Fien vd., 2016). Arastirmalar acik ve sistematik anlatim bilesenlerini iceren muidahale
programlarinin 6grencilerin matematik becerilerinde 6nemli gelismelere yol aghigini géstermektedir (Gersten vd.,
2009). Matematik glcligu olan ve risk altindaki 6grencilere agik ve sistematik 6gretim ile sunulan bir midahale

programinin etkililigini inceleyen 43 arastirmadan gii¢lu diizeyde kanit temeli elde edilmistir (daha detayli bilgi

icin bkz Fuchs, Bucka, vd., 2021). Acik ve sistematik 6gretimin temel bilesenleri Tablo 1’de 6zetlenmektedir.

Tablo 1. Acik ve Sistematik Ogretimin Temel Bilesenleri

Acik bilesenler

Sistematik Bilesenler

Oldukga yapilandiriimis bu 6gretim boyunca 6gretmen:

Hedef beceri veya kavramlari agikga tanimlar; 6nemli

detaylari vurgular.

Yeni igerigi onbilgiler ile iliskilendirir.

Net yonergeler verir.

Kavramlari veya islemleri yiksek sesle dislinerek adim

adim modeller (yani kavrami veya islemi gosterirken

kendi duigtince slirecini sozlU olarak ifade eder).

Sorumlulugun yavas yavas Ogretmenden Ogrenciye

gectigi destekli 6gretim dizisini takip ederek 6grencilere

ahistirma firsatlari saglar:

o Rehberli uygulama - Ogrenciler &gretmenle
birlikte problemler tGzerinde galisirlar ve yavas yavas
problemin ¢ogunu 6grenciler ¢dzmeye baslar.

Dikkatle planlanmis bu 6gretim boyunca 6gretmen:

e Basit beceri ve kavramlardan daha karmasik
olanlara veya karsilasma siklig1 ylksek olanlardan
daha dislik olanlara dogru bir siralamayla birbirinin
Gzerine insa edilen  Ogretim  oturumlari
gerceklestirir.

e Gorev analizi yoluyla, karmasik becerileri kiiglik ve
yonetilebilir pargalara ayirir.

e Gorevleri kolaydan zora dogru siralar ve gorece
daha kolay olan gorevlere 6ncelik verir.

e Ogrencilere gecici destekleyiciler (manipilatif
materyaller, yazili yonergeler veya ipuglari) saglar
ve 6grencilerin gereksinimi azaldik¢a bu destekleri
yavas yavas geri ceker.

o Bagimsiz uygulama — Ogrenciler problemleri
¢o6zmek igin kiigik gruplar halinde ya da bireysel
olarak galisirlar.

o Ogrencilerin problemi ¢dzmek igin kullandiklari ¢6ziim
yollari ve nedenleri hakkinda konusmalarini tesvik eder.
e Dogru ve hatali tepkiler igin geri bildirim sunar ve
hatalarin dlzeltilmesine 6zel zaman ayirir; gerektiginde

Ogretimi tekrar eder ya da yonergeleri agiklar.

e Edinilen bilgi ve becerilerin kaliciigini kontrol ve tesvik
eder.
The IRIS Center. (2017) kaynadindan uyarlanmustir.

KTU 2: Acik ve OzIlii Matematik Dilini Ogretmek ve Bu Dilin Kullanimini Tesvik Etmek

Matematik dili matematige iliskin fikirleri aktarmak icin kullanilan akademik dildir (Dunston & Tyminski, 2013).
Matematik hakkinda dusinirken, konusurken ve yazarken kullanilan sézcik dagarcigini, terminolojiyi ve dil
yapilarini igeren matematik dili glinliik konusma dilinden daha keskin bir matematik anlayisini ifade eder (Powell
& Driver, 2015). Ders kitaplarinda, 6gretim ve degerlendirme materyallerinde ve sinif ici 6gretimde kullanilan
matematik dilinin 6gretimine destekleyici miidahale programlari icerisinde ozellikle zaman ayirmak cesitli
acilardan faydalidir (Bay-Williams & Livers, 2009; Monroe & Orme, 2002). ilk olarak, 6gretmenler dogru
matematik dilinin kullanimina model oldukga 6grenciler 6grendikleri matematiksel fikirlerin matematik dilindeki
sozcukler ile ne kadar uyumlu oldugunu fark eder ve kendi matematiksel fikirlerini agiklarken bu dili kullanmaya
baslar (Dunston & Tyminski, 2013; Fuchs & Fuchs, 2001). Boylece, 6gretmenler ve 6grenciler arasinda ortak bir
dil olusur ve matematik dersi sirasinda daha net iletisim kurabilirler (Clarke vd., 2017; Fuchs & Fuchs, 2001).
ikincisi, matematik dilinin 6gretimi égrencilerin ince ve karmasik matematiksel fikirleri grenmelerini destekler

(Bay-Williams & Livers, 2009; Capraro & Joffrion, 2006). Uciinciisii, destek egitim ortamlarinda matematiksel dile
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odaklanmak 6grencilerin ayni zamanda temel egitim ortaminda kullanilan dile erisimlerini de artirir (Bay-Williams
& Livers, 2009; Capraro & Joffrion, 2006; Powell & Driver, 2015). Boylece 6grenciler, temel egitim ortaminda
sunulan 6gretimden de daha fazla yararlanabilir. Son olarak, 6grencilerin matematiksel dilini gelistirmek, 6zellikle
Ogretim konusu karmasiklastikca matematikteki basarilari igin kritik Sneme sahiptir (Bay-Williams & Livers, 2009;
Monroe & Orme, 2002; Pierce & Fontaine, 2009; Powell & Driver, 2015). Matematik gli¢liigli olan ve risk altindaki
ogrencilere matematik dilini 6gretmeye yonelik dgeler iceren miidahale programlarinin etkililigini inceleyen 16
arastirmadan glgcli diizeyde kanit temeli elde edilmistir (daha detayli bilgi igin bkz Fuchs, Bucka, vd., 2021). Tablo

2, destekleyici 6gretim oturumlari boyunca agik ve 6zli matematik dilini 6gretmek ve bu dilin 6grenciler

tarafindan kullanimini tesvik etmek Uzere alan yazinda 6nerilen uygulamalarin bir listesini icermektedir.

Tablo 2. Matematik Dilinin Kullanimini Tesvik Etmek Uzere Alan Yazinda Onerilen Uygulamalar

Oneri

Kaynak

Ogretim sirasinda baglama uygun olan yeni matematiksel kelimeleri tanitin.

Bay-Williams & Livers (2009)

Basit ve tanidik matematiksel kelimeler kullanin ve 6grenci dostu tanimlar yapin.

Beck vd. (2002)
Pierce & Fontaine (2009)
Powell & Driver (2015)

Basitge bir terimin tanimini vermek, 6grencilerin matematiksel kelime ve
kavramlari anlamalari igin yeterli degildir. Matematiksel kelimeleri somut ve yari
somut temsillerle iliskilendirerek égrencilerin anlamalarini derinlestirin.

Bay-Williams & Livers (2009)
Dunston & Tyminski (2013)
Monroe & Orme (2002)
Pierce & Fontaine (2009)
Powell & Driver (2015)

Ogrencilerin dnemli matematik sdzciiklerini anlamalarini saglamak igin
derslerinizde agik, kisa ve dogru bir matematik dili kullanin. Matematik dilinin
tutarh kullanimi, 6grencilerin terimlerin nasil kullaniimasi gerektigini
o0grenmelerine ve terimlere iliskin daha derin bir anlayis gelistirmelerine
yardimci olur.

Bay-Williams & Livers (2009)
Bryant vd. (2003)
Dunston & Tyminski (2013)
Fuchs, Bucka, vd. (2021)
Powell & Driver (2015)

Dislince siirecinizi agiklarken ve bir problemin nasil ¢oziilecegini gosterirken
matematik diline yiksek sesle diistinerek model olun.

Fuchs, Bucka, vd. (2021)

Matematikte bazi kelimeler birden fazla anlama sahip olabilir veya birden fazla
baglamda kullanilabilir. Kelimelerin gesitli sekillerde kullanimina dair farkh
orneklerle 6gretim yapin.

Dunston & Tyminski (2013)
Pierce & Fontaine (2009)
Roberts & Truxaw (2013)

Ogretim sirasinda 6grencilerin matematik kavramlarinin sézlii ve yazili
aciklamalarini yapmalarini saglayin. Calismalarini agiklamak, 6grencilere yeni
ogrendikleri kelimeleri kullanarak matematiksel anlamalarini iletme firsati saglar
ve ayrica 6gretmenlerin, 6grencilerin anlatilan konuyu anlayip anlamadiklarini
kontrol etmesine ve aninda dizeltici geri bildirim saglamasina firsat tanir.

Bay-Williams & Livers (2009)
Clarke vd. (2017)
Fuchs vd. (2019)

Ogrenciler matematik dilini kullanarak diisiincelerini agiklarken muhtemelen
destege ihtiyac duyacaklardir. Ogrencilere agiklama yaparken kullanmak iizere
climle baslangiglari veya bir dizi yol gosterici soru gibi bir cerceve sunun.
Gerektiginde 6grencilerin agiklamalarini dogru matematik dilini kullanarak
yeniden ifade edin.

Bay-Williams & Livers (2009)
Fuchs, Seethaler, vd. (2021)
Fuchs vd. (2019)

Ogrencilerin 6gretim sirasinda modellenen ve égretilen matematiksel dili
hatirlamalarina yardimci olmak igin matematiksel kelimeleri iceren bir listeyi
sinif duvarina asin. Bu tiir bir destekleyici 6grencilerin hem so6zlii hem de yazih
aciklamalarini gelistirmek igin faydali olabilir.

Roberts & Truxaw (2013)

Fuchs, Bucka, vd. (2021) kaynagindan uyarlanmstir.

KTU 3: Somut ve Yari Somut Temsiller Kullanmak

Ogrencilerin soyut matematik kavramlarini grenmelerine ve problemleri ¢gzmelerine yardimei olacak bir baska
kanita dayal uygulama ise 6gretimde somut ve yari somut temsillerin kullanimina yer vermektir (Fuchs, Bucka,
vd., 2021). Temsiller, sayilarin degerini ve nicelikler arasindaki iliskiyi gosterir. Boylece matematigi 6grenciler igin

gorindr ve daha erisilebilir hale getirirler (Fuchs vd., 2005). Matematikte gii¢lik yasayan 6grenciler, somut ve yari
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somut temsiller araciligiyla matematiksel fikirleri modelleyen, odaklanmis destek 6gretimden fayda saglamaktadir
(Jitendra vd., 2016). Matematiksel fikirleri temsil eden somut ve yari somut materyallere yer veren miidahale
programlarinin matematik glicliigli olan ve risk altindaki 6grenciler i¢in etkililigini inceleyen 28 arastirmadan glclu

dizeyde kanit temeli elde edilmistir (daha detayl bilgi igin bkz Fuchs, Bucka, vd., 2021).

Ogrencilerin somut ve yari somut temsillerin avantajlarindan yararlanabilmesi ii¢ kosulun yerine getiriimesine
baghdir (Fuchs, Bucka, vd., 2021). Birincisi, Gizerinde ¢alisilan kavram ya da islemi en iyi temsil eden ve 6grencilerin
yas ve sinif diizeyine uygun temsillerin 6zenle segilmesi gerekmektedir. Zira somut ve yari somut temsillerin
kullanimi matematiksel fikirlerin anlasilmasini kolaylagtirmakla birlikte her temsil her kavram ya da islem igin ise
yaramayabilir (Jitendra vd., 2016; Witzel, 2005). ikincisi, somut ve yari somut temsillerin soyut temsillerle (yani
sayl, sembol, denklem gibi matematiksel gosterimlere) baglantisi agikga kurulmaldir. Belirli matematiksel kavram
ya daislemlerin 6gretiminde somut ya da yari somut temsil bigcimlerinden birinin secilmesi uygun olmakla birlikte
¢ogu kavram ya da islem hem somut hem de yari somut bir temsilin soyut temsille iliskilendirilmesiyle etkili
bicimde temsil edilebilir (Fuchs, Bucka, vd., 2021). Kavram ve islemleri somut ve yari somut temsiller ile
gosterirken her iki temsil bicimini birbiriyle iliskilendirmek ve soyut gosterimleri de bu temsiller ile es zamanh
olarak sunmak 6grencilerin temsiller ile matematik arasindaki baglantiyi anlamlandirmasini kolaylastirmaktadir
(Witzel, 2005). Uclinciisii, 6grencilerin matematigin soyut dogasini zaman icinde anlamlandirmalarina yardimci
olmak adina somut ve yari somut temsilleri pek ¢ok kez kullanmalarina olanak taninmalidir. Coklu kullanimlar
sayesinde Ogrenciler matematik kavramlarini daha derinlemesine anlamaya baslayacak ve temsillerin
matematikte “dlisinme araclari” olarak nasil kullanilabilecegini kavrayacaktir (Jitendra vd., 2016; Witzel, 2005).
Amag, temsillerin 6grencilerin matematiksel kavram ve islemleri daha iyi anlamalarina yardimci olmak ve
ogrencilerin problemleri modellemek ve anlayiglarini gelistirmek igin temsilleri arag olarak kullanma konusunda

rahat olmalarini saglamaktir (Jitendra vd., 2016; Witzel, 2005; Witzel vd., 2003).

Somut ve yari somut temsilleri matematik 6gretimine dahil etmenin en etkili yolu somut- temsili- soyut (STS)
O0gretim gercevesini kullanmaktir. STS 6gretim ¢ergevesi, 6grencileri matematik konusunda destekleyen kademeli
bir 6gretim dizisidir (Powell, 2015). STS 6gretim c¢ercevesinde 6grenciler, matematik problemlerini 6ncelikle
somut nesneleri kullanarak ¢ozerler, ardindan bu problemleri temsili ¢izimlerle ¢gdzme asamasina gegerler ve son
olarak problemleri herhangi bir destek olmaksizin sayl ve sembol gibi soyut gosterimleri kullanarak ¢ézmeye
baslarlar (Agrawal & Morin, 2016). Cebir, basamak degeri, toplama, ¢ikarma, ¢arpma, kesirler, sozli problem
¢o6zme, alan ve gevre gibi ¢esitli matematik konulari tizerindeki etkisi incelenmis olan (Flores, 2010) STS 6gretim
cercevesinin ozellikle eldeli toplama ya da ¢arpma ve onluk bozarak ¢ikarma gibi yeniden gruplamayi gerektiren
hesaplamalari yapmakta zorlanan 6grenme gigligli olan 6grenciler igcin kanita dayali bir uygulama oldugu

belirlenmistir (Bouck vd., 2018).

Ele alinan matematiksel kavram ya da islemi modellemek lzere STS 6gretim cergevesinin ilk (Somut) asamasinda
somut temsiller, ikinci (Temsili) asamasinda yari somut temsiller, son (Soyut) asamasinda ise soyut temsiller

kullanilmaktadir.
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Somut temsiller, 6grencilerin halihazirda sunulan matematiksel icerigi daha iyi anlamak ve
anlamlandirmak igin manipliile edebilecekleri li¢ boyutlu fiziksel materyaller ve eylemlerdir (Fuchs vd.,
2005; Fuchs & Fuchs, 2001; Jitendra vd., 2016). Onluk taban bloklari ile gok basamakh bir sayiyi
modellemek, denk kesirleri belirlemek icin kesir takimini kullanmak ve bir problem durumunu

somutlastirmak icin rol oynama tekniginden yararlanmak somut temsillere 6rnek verilebilir.

Yari somut temsiller, matematiksel bilgiyi organize etmek icin kullanilan, belirli bir problemin
matematiksel niceliklerinin ve iliskilerinin iki boyutlu gorsel tasvirleridir (Fuchs vd., 2005; Fuchs &
Fuchs, 2001; Jitendra vd., 2016). Centikler, basit cizimler, serit diyagramlar, tablolar, grafikler, sayi
dogrulari yari somut temsillere 6rnek olarak verilebilir. Yari somut temsiller esnektir; farkh sinif
seviyelerinde ve farkli matematik problemi tiirlerinde kullanilabilirler. Ogretmenler tarafindan
matematik olgularini 6gretmek ve 06grenciler tarafindan matematik icerigini 6grenmek icin

kullanilabilirler. Kdgit ya da yazi tahtasi (izerinde iki boyutlu cizimler olarak sunulabilecegi gibi sanal

olarak bilgisayar ya da tablet ekraninda da sunulabilirler. Gérsel temsiller gesitli bicimlerde olabilir.

Soyut temsiller, sayilari, denklemleri, islemleri, iliskisel sembolleri ve ifadeleri icerebilen matematiksel
gosterimlerdir (Fuchs vd., 2005; Fuchs & Fuchs, 2001; Jitendra vd., 2016). ‘3’ rakami, ‘=" isareti, ‘2 +2 =
4’ denklemi gibi sayl ve semboller iceren matematiksel gosterimler soyut temsillere 6rnek olarak
verilebilir. Tablo 3, bazi matematiksel kavram ve islemleri en iyi temsil eden somut, yari somut ve soyut

temsil 6rneklerini sunmaktadir.

Tablo 3. Bazi Matematiksel Kavram ve islemleri Temsil Eden Somut, Yari Somut ve Soyut Temsiller

Matematiksel
kavram ve islemler

Somut temsil

Yari somut temsil

Soyut temsil

e onluk taban bloklari
o gegmeli birim kipler

1,5,16,100

e abakis
o rekenrek - 2+2=4
o Sayma/ Ritmik sayma « dokunsay sayi ve e yiizliik tablo
o Toplama aritmetik tabletleri . be§l|lf / ?nluk kartlar 5-3=2
o Gikarma . . o serit diyagramlar
e Cuisenaire gubuklari . .
o Garpma « Fasulveler e resim / sembol/ nokta dizileri 2x2=4
o Esit paylagim . . ¥ e centikler
o iki renkli sayma pullari
o fasulyeler ve kaplar 4:2=2
® minik karolar
e teraziler
Basamak degeri e onluk taban bloklari e basamak degeri tablosu 1 onluk 5 birlik
© & e gecmeli birim kiipler e onluk taban blok resimleri 200+30+5
o Ondalik sayilar/ Ondalk . e
e minik karolar o yiizliik tablo 0,5

sayilarla islemler

e ondalik kareler

o dairesel kesir gizimleri

0,25+0,5=0,75

o Kesirler/Kesirlerle igslemler
o Veri
o Oran ve oranti

o gecmeli birim kipler
e Cuisenaire gubuklari
o Oriintl bloklar
o kesir takimlari
o kesir karolari
e minik karolar

e tablolar
e sayl dogrusu
e serit diyagram
o cubuk grafigi
o cizgi grafigi

3%
4'te 3

12’nin 1/3’0

o Oriintiler
o Geometri

e gecmeli birim kipler
® oriintd bloklar

o geometrik sekil ve
geometrik cisim resimleri
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o Grafik e minik karolar o kareli kagit/defter 1+2+3+4... +10
o Alan/Cevre e geometrik sekil ve e sayidogrusu
o Hacim geometrik cisim e izometrik kagit
o Simetri modelleri 6_9_12 ? 18 21
o Uzunluk Olgiimi o cetvel, agiblger,
o Geometrik sekil ve cisimler mezura
e hacim &l¢iim kaplari 3m 5cm? 12m?

Fuchs, Bucka, et al. (2021) kaynadindan uyarlanmistir.

KTU 4: Elestirel Matematik Anlayisini Gelistirmek igin Say1 Dogrusu Kullanmak

Sayi dogrusu, tam sayilar, rasyonel sayilar ve irrasyonel sayilar olmak Gzere tim pozitif ve negatif gergek sayilar
ayni anda temsil edebilme kabiliyeti ile 6grencilerin sayilar hakkinda bitiincll bir anlayis gelistirmelerini
kolaylastiran ve ileri diizey matematik 6grenmelerini destekleyen glicli bir 6grenme-6gretme araci olarak 6ne
¢ikmaktadir (Fuchs vd., 2016; Lannin vd., 2020). Matematik glcligi olan ve risk altindaki 6grencilerde elestirel
matematik anlayisini gelistirmek icin saylr dogrularini destekleyici bir 6gretim araci olarak kullanan midahale
programlarinin etkililigini inceleyen 14 arastirmadan glicli dizeyde kanit temeli elde edilmistir (daha detayl bilgi

icin bkz Fuchs, Bucka, vd., 2021).

Matematikte yetkin olan 6grenciler problemleri ¢dzerken siklikla zihinsel bir sayi dogrusundan yararlanirlar
(Keijzer & Terwel, 2003; Siegler vd., 2011). Sayi dogrularinin tutarli kullanimi, 6grencilerin say! sistemini
anlamalarina ve genel matematik performanslarini gelistirmelerine yardimci olabilir (Dyson vd., 2018; Lannin vd.,
2020). Sayi dogrulari, 6gretmenler tarafindan 6gretimde tutarh olarak kullanilmaya devam ettiginde 6grenciler
sayilari biylklik bakimindan karsilastirirken, problem ¢dzme stratejilerini belirlerken ve cevaplarini kontrol
ederken zihninde bir sayl dogrusu canlandirma yetenegini yavas yavas gelistirirler (Lannin vd., 2020). Tablo 4,
destekleyici 6gretim oturumlari boyunca 6grencilerin sayi bilgisini gelistirmek tGzere sayi dogrularinin kullanimina

iliskin alan yazinda 6nerilen uygulamalari tam sayilar ve rasyonel sayilar baglaminda agiklamaktadir.

Tablo 4. Sayi Bilgisini Gelistirmek igin Sayi Dogrularinin Kullanimina iliskin Alan Yazinda Onerilen Uygulamalar
Oneri 1: Ogrencilerin nicel biyiklikleri kavramasi igin tam sayi, kesir ve ondalik sayilari sayi dogrusunda temsil edin.

Tam sayilarin 6gretiminde; Rasyonel sayilarin 6gretiminde;

o Ogrencilerin sayr dogrusunun neye benzedigine iliskin o Ogrenciler somut temsiller araciligiyla kesir kavramin
zihinsel bir imge olusturmaya baslamalarini saglamak anladiktan sonra kesirlerin sayr dogrusu Uzerinde nasil
icin sayl dogrusunu tanitmaya somut bir ornek ile temsil edilecegini gosterin.
baslayin. Ornegin; cocuklarin Gizerinde ilerleyebilecegi o Birden kiiciik olan tanidik kesirlerden baslayarak kesirli
bir sayi yolu seklinde. sayilarin sayi dogrusu Uzerindeki yerlerini gosterin.

o Somut sayl dogrusu ornegi Gzerinde 0 ve 1 konumlari o Bir kagit seridini ortasindan ikiye katlatarak bunun sayi
arasindaki mesafenin birim uzunlugunu belirledigini ve dogrusu Uzerinde 0-1 arasindaki mesafeyi iki esit pargaya
tim komsu tam sayilar arasindaki mesafenin esit bolmeyi nasil temsil ettigini 6grencilerle tartisin. % (yani
uzunlukta oldugunu gosterin. yarim) kesrinin yerini isaretlemelerini isteyin. Ardindan bir

o Somut sayl dogrusu &rnegini kagit Uzerindeki ya da kagit seridini %, 2/4 ve % kesirlerinin yerlerini bulmak igin
ekrana yansitilmis bir sayr dogrusu ile iliskilendirin. kagidi dért esit parcaya bolmelerini isteyin. 1/8 gibi daha
Ogrencilerin her iki gdsterim arasindaki benzerlik ve blyik paydalarla benzer islemleri yaptirin.
farkliliklari belirlemelerini isteyin. 0 ile 1 arasindaki o Bir kesrin paydasinin bir bitiindeki es pargalarin toplam
mesafeye ve bu mesafenin 1 birim ile ayni uzunlukta sayisini temsil ettigi fikrini vurgulayin.
olduguna dikkat gekin. o Farkli birim kesirleri gosteren sayir dogrularini bir arada

o Sayl dogrusunun Uzerindeki her bir isaret gentiginin sunarak ogrencilerin birim kesirlerin géreceli buyukligiini
kendinden bir onceki ve bir sonraki ¢entige esit goérmelerini saglayin.
uzaklikta oldugunu gosterin. o Ogrencilerin tim kesirlerin 0 ile 1 arasinda yer aldig

o Sayl dogrusu Uzerinde saga dogru gidildikge sayilarin yanilgisina dusmelerini dnlemek igin bire esit ve birden
buyuklugunin tipki birer ileri saymada oldugu gibi birer blyik kesir sayilarini da sayi dogrusu iizerinde gostermek
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birim arthigini; sola dogru gidildiginde ise tipki birer geri
saymada oldugu gibi birer birim azaldigini agiklayin.

o Sayl dogrusunda 0’in yerinin 1’in solunda olmasina
dikkat ¢ekin.

o Sayl dogrusu Uzerinde ikiser, beser, onar sayma gibi
farkli ritmik sayma alisirmalari yaparak farkh
uzunluklardaki birimlerin de sayi dogrusu tzerinde nasil
tekrar ettigini gosterin.

Uzere kesir gosterimleri igin kullandigini sayi dogrusu
pargasini 0 — 2 araligina genisletin genisletir.

Sayl dogrusu lizerinde tam sayilari temsil eden sayilarin
karsilik geldigi kesir sayilarini da ayni sayi dogrusu tzerinde
gostererek tam sayilarin ayni zamanda kesirlerle ifade
edilebilecegini gosterin genisletir.

Esdeger kesirler kavramini somutlastirmak igin sayi
dogrusunu sirayla farkli birimlere bolerek 6grencilere farkl
kesirlerin sayl dogrusu Ulzerinde ayni noktada nasil
konumlandigini  gosterin.  Bunu yaparken Cuisenarie
cubuklari gibi somut temsilleri say1 dogrusu ile hizalayarak
denklik fikrini gliglendirin.

o Ayni sayl dogrusunda kesrin konumu goéstermek igin
esdeger kesirleri yan yana degil birbirinin altina yazarak
denklik fikrini gtiglendirin.

Esdegerlik fikrini ondalk sayilari ve yiizdeleri icerecek
sekilde genisletin.

@]

@]

@]

Oneri 2: Ogrencilerin nicel buyiklikleri kavramasi igin
biyukltklerini belirleyin.

sayl dogrusu kullanarak sayilar karsilastirin ve goreceli

Tam sayilarin 6gretiminde;

o Esit birimleri kullanarak iki saylyi sayr dogrusuna
yerlestirerek baslayin.

o Her sayinin sifira olan uzakliginin o sayinin biyukltguni
temsil ettigini agiklayin.

o Sayl dogrusunda saga dogru gidildikge sayilarin
blydkligunin arthgina dikkat c¢ekerek iki sayiyi
karsilagtirirken hangisinin sifirdan daha fazla esit birim
uzaklikta olduguna (pozitif tam sayilarla ¢alisirken daha
saga) dayanarak hangisinin daha blyik oldugunu
belirlediginizi gostererek agiklayin.

Rasyonel sayilarin 6gretiminde;

o Tam sayilarda oldugu gibi kesir ve ondalik sayi
blyilkluginin de bir sayinin sifirin ne kadar saginda veya
solunda konumlandirildigiyla ilgili oldugunu pekistirin.

o Kesirleri kargilaghrmaya ge¢meden &nce Ogrencilerin
kesirlerin sonsuz sayida esdegerlige sahip olabilecegini
kesin olarak anladiklarindan emin olun.

o 0 ile 1 arasindaki kesirleri dustiniirken 0, 1/2 ve 1 gibi
"kiyaslama sayilan" kullanarak kesirlerin blyuklGgini
karsilastirmaya model olun.

o Ogrencilere tam sayi, kesir ve ondalik sayilarin sayi
dogrulari  lzerindeki vyerini belirleme ve goreceli
buyukluklerini karsilastirma konusunda genis alistrma
firsatlari saglayin.

Oneri 3: Ogrencilerin islemlerin altinda yatan kavramlari anlamalarini saglamak icin sayi dogrusunu kullanin.

Tam sayilarin 6gretiminde;

o Tam sayilari  buydkliklerine goére karsilagtirmayi
o0grendikten sonra 6grenciler sayl dogrusu lzerinde
sayilar arasindaki mesafeyi kullanarak toplama ve
¢ikarma yapmaya baslayabilirler.

o Ogrencilerin isaret centiklerini saymak yerine birim
uzunluga veya mesafeye odaklandiklarindan emin olun.

o Ogrencilere sayr dogrusu Uzerinde modellenen bir
islemin denklemini yazma ve verilen denklemi sayi
dogrusu Gzerinde modelleme alishrmalari yaptirin.

Rasyonel sayilarin 6gretiminde;

o Ayni paydaya sahip kesirleri sayr dogrusunu kullanarak
toplamak ile baslayin.

o Daha sonra farkli paydalara sahip kesirleri birbiriyle

toplamaya gegcin ve farkli paydalar s6z konusu oldugunda

sayl dogrularinin islemleri nasil gorinir hale getirdigini

aciklayin.

Denklikleri 6grenciler igin daha goriinir hale getirmek igin

¢ift sayr dogrusu kullanin. Boylece 6grenciler bu tir

problemlerin ¢6zimiinde esdeger kesir bulmanin neden

gerekli ve dogru bir yaklasim oldugunu anlayabilirler.

Kesirlerde carpma ve bdlme islemlerine ilk kez baslarken,

¢arpanlardan, bolenlerden veya bdlenlerden biri olarak

tam sayilari dahil edin. Bu durumlarda, sayl dogrusu hem

tam sayilari hem de kesirleri etkili bir sekilde temsil

ettiginden sayi dogrusu islevsel bir temsil araci olacaktir.

o Islemin altinda yatan kavramin anlasiimasina zemin
hazirlamak igin bir s6zli problemle baslayin.

Fuchs, Bucka, vd. (2021) kaynagindan uyarlanmstir.

KTU 5: Matematik Akicilhigini Gelistirmek igin Siire Sinirh Etkinlikleri Kullanmak

Matematik gicliigli olan 6grenciler, temel aritmetik islemleri (toplama, ¢ikarma, carpma ve bélme) zihinden hizli
bir sekilde yapmakta zorlanirlar (Baroody vd., 2009). Bu sorun, 6gretimler sirasinda 6grencilerin temel islemlerle

micadele ederken 6gretmenin yeni matematiksel fikirlere iliskin aciklamalarini takip edememelerine neden olur
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(Baroody vd., 2009). Temel aritmetik islemlerde otomatiklesmek 6grencilere daha karmasik matematiksel
gorevleri anlamalari ve gok adimli islemleri yurttmeleri icin daha fazla zihinsel enerji kaynagi saglar (Kanive vd.,
2014). Dolayisiyla, matematik gli¢ligii olan ya da risk altindaki ¢cocuklari desteklemek s6z konusu oldugunda temel

islem akiciligini artirmak miidahale programinin 6nemli bir hedefi haline gelmektedir (Fuchs vd., 2008).

Temel islem akiciligini gelistirme konusunda sire sinirli etkinlikler islevsel bir arag olarak énerilmektedir. Sireli
etkinlikler, bir 6gretim oturumunun 1 ile 5 dakikalik zaman diliminde gergeklestirilen, 6grencilerin bu kisa siirede
belirli bir hedef kavram ya da beceriye odaklanmis 6geler arasindan olabildigince ¢ok sayida 6ge igin dogru yanit
Uretmesini gerektiren alisthrmalardir (Dyson vd., 2015). Bu etkinlikler miidahalenin odak noktasi degildir ve yeni
bir kavram ya da islemin tanitilmasi amacina hizmet etmezler. Bunun yerine sire sinirli etkinlikler, 6grencilerin
pek ¢ok oturumlar boyunca Uzerinde galistiklari bir kavrami pekistirmeleri veya bir islemde otomatiklesmeleri
amaciyla ise kosulurlar. Temel islem akicihigini artirmanin yani sira siire sinirh etkinlikler daha karmasik
matematiksel problemlerin ¢6ziimiinde 6nem arz eden alt gérev adimlarinda otomatiklesmeyi saglamaya da
hizmet edebilir (Fuchs vd., 2009). Ornegin, cok basamakli sayilarla islem yaparken basamak degerini tespit etmek
ya da matematik problemlerinin ¢ézimiinde problemin tiirlini belirlemek gibi becerilerde otomatiklesmeyi
saglamak icin 6gretim oturumlarinin bir bolimi bu becerilerin gelismesini saglayacak stire sinirh etkinliklere
ayrilabilir. Matematik giicliigl olan veya risk altindaki 6grencilerin matematik akicihgini gelistirmek tzere sire
sinirh etkinliklere yer veren midahale programlarinin etkililigini inceleyen 27 arastirmadan gigli diizeyde kanit
temeli elde edilmistir (daha detayl bilgi icin bkz. Fuchs, Bucka, vd., 2021). Tablo 5. temel matematik becerilerinde
akicilik gelistiremeyen 6grencilerin akiciligini desteklemek (zere siire sinirli etkinliklerin etkili bir sekilde

kullanilmasina yonelik alan yazinda dnerilen stratejileri agiklamaktadir.

Tablo 5. Matematik Akiciligini Desteklemek Uzere Siire Sinirl Etkinliklerin Etkili Kullanimina Yénelik Oneriler
e Midahalenin odak noktasi olan matematik konusunun daha iyi anlasiimasi igin
hangi temel islem ya da gérev adimlarinda akiciligl gelistirmenin yararli olacagina
karar verin.
o Belirlediginiz alanlari 6ncelik sirasina koyarak zaman gizelgesi olusturun.
o Belirlediginiz alanlardan birinde akiciligi destekleyecek etkinlikler planlayin.
Akicihgl destekleyecek etkinlikler e Baslangicta etkinlikte kolay ogelere yer verin.
igin 6nceden Ogrenilmis konulari e Ogrenciler kolay maddelerde akici hale geldikge dgelerin zorlugunu artirin.
belirleyin ve bir zaman c¢izelgesi e Daha zor égelere gectikce baslangictaki kolay 6gelere de yer vermeye devam

olugturun. edin, boylece 6grenciler 6ge tirleri arasinda ayrim yapabilirler.

o Ogrenciler farkl islemler tizerinde akici hale geldikge etkinliklere karma islemleri
dahil edin, boylece 6grenciler islemleri ayirt etme konusunda da akici hale
gelebilirler.

o Ogrenciler bir konu lizerinde haftalarca galisarak akicilik gelistirdikten sonra
siradaki konuyu tanitin.

o Flag kartlar, bilgisayar programlari veya ¢alisma sayfalari kullanarak akiciligi
destekleyen etkinlikler hazirlayin (Powell et al., 2009).

o Etkinlikte yer alan ogelerin miktarina ya da etkinligin uygulama bigimine gore

Sure sinirh olarak  kullanilacak etkinlik stresini belirleyin.

etkinlik tdrini ve

segin, etkinlik kurallarina dair net
beklentiler belirleyin.

materyalleri e Etkinlikleri 8rencilerin grup halinde birlikte ya da bireysel olarak ¢alisabilecekleri

sekilde yapilandirin.

Skor tutmak ya da bireysel puanlari artirmak igin is birligi yapmalarini saglamak
gibi oyun benzeri 6zellikleri periyodik olarak dahil edin.

Kuguk grup ortamlarinda gergeklestirilecek etkinlikler igin kimin ne sekilde ve ne
zaman yanit verecegine dair net beklentiler olusturun.
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Ornegin; oturma sirasina gore sirayla yanit verme, 6gretmenin isaret ettigi
o6grencinin yanit vermesi, ya da 6grencilerin toplu olarak yanit vermesi gibi
yanitlama bigimlerinden biri tercih edilebilir. Toplu yanit verme igin sozlii yanitin
yani sira cevap kartlarini kaldirip gésterme, mini beyaz tahtalara yazip gosterme
va da jestlerle gosterme gibi alternatiflerden biri segilebilir.

o Ogrencilerin etkinligin baslama ve bitis zamanini ayirt edebilecekleri bir uyari
isareti belirleyin. Ornegin; baslama ve bitis aninda sesli uyari isareti vermek icin
mobil telefonunuzun zamanlayici 6zelligini kullanabilirsiniz.

Ogrencilerin  siire sinirl  etkinlik
sirasinda  kullanabilecekleri etkili
stratejilere  sahip olduklarindan
emin olun.

e Daha 6nce 6grenilen igerige odaklanan siireli etkinlikler planlayin (Dyson et al.,
2015).

e Destek 6gretim oturumlarinin diger bolimlerinde 6grencilerin siireli etkinlikler
sirasinda kullanmasini istediginiz stratejilerin 6gretimine yer verin.

e Ogrenciler siireli etkinlige baslamadan énce bildikleri, bir stratejiyi kullanmalarini
hatirlatin (Fuchs et al., 2010).

o Gerektiginde sireli etkinlik sirasinda kullanmalarini istediginiz 6nceden bildikleri
bir stratejinin nasil uygulandigini bir 6rnekle hatirlatin.

Ogrencilere akicihklarindaki
gelismeyi gostererek siki galismak ve
etkili stratejileri kullanmaya devam
etmek lizere motive edin.

o Sire sinirh etkinliklere baslarken 6grencilere amacin kisa siirede olabildigince ¢ok
ve dogru yanit Gretmek oldugunu hatirlatin.

o Ogrencilerin her oturumda elde ettigi akicilik puanini bir tablo ya da grafige
kaydetmelerini saglayin.

o Ogrencilere bu gdrsel geri bildirimleri periyodik olarak sunun ve daha énce elde
edilen akicilk puanina erisme ya da onu ge¢meye vyonelik hedefler
belirlemelerini saglayin.

e Hedefler grup olarak ya da bireysel olarak belirlenebilir. Grup hedefleri
ogrencilerin  Uzerindeki bireysel baskiyi hafifletebilir. Bireysel hedefler
belirlendiginde ise bireysel grafiklerin kisiye 6zel kalmasina 6zen gosterilmelidir.

o Hedef belirlemenin yipratici bir rekabet haline gelmemesi igin her 6grencinin
kendi performansini sadece kendi 6nceki performansi ile kiyasladigindan emin
olun.

Ogrencilere sureli etkinlikler
sirasinda aninda geri  bildirim
saglayin ve hatalarini dizeltmek igin
etkili stratejiler kullanmak uzere
yonlendirin.

Flas kart vb. etkinlikler: Ogrenciler hatali yanit verdiginde derhal yanlis cevabi
diizeltmelerini isteyin. Ogrenciler hatayl diizeltmekte zorlanirsa dogru cevaba
ulasmak icin 6nceden o6grendikleri etkili stratejiyi kullanmalarini hatirlatin.
Ogrenciler etkili stratejiyi kullanarak hatalarini diizelttikten sonra yeni cevabin
neden dogru oldugunu agiklamalarini isteyin.

Bilgisayar tabanl programlar: Ogrencileri dogru yanitlari icin édiillendiren,
yanitlari yanlis oldugunda ise uyari veren ve hatali cevabi diizeltmeden sonraki
soruya gegmesine izin vermeyen programlari tercih edin.

Calisma sayfalari: Etkinlik sresi bittiinde 6grencilerin calisma sayfalarini geri alin.
Mimkin olan en kisa silirede cevaplarini kontrol edin, puanlayin ve ardindan
dizeltiimesi gereken cevaplari ve kullanilabilecek etkili stratejileri 6grencilerle
birlikte gozden gegirin. Dizeltmeden sonra yeni cevabin neden dogru oldugunu
aciklamalarini isteyin.

Fuchs, Bucka, vd. (2021) kaynagindan uyarlanmustir.

KTU 6: Ortak Problem Yapilarina Dayali Problem ¢6zme Ogretimi Yapmak

Matematikte problem ¢6zme becerilerinin 6gretimi,

ogrencilerin  matematiksel dislinme becerilerini

gelistirmelerine yardimci olur. Arastirmalar, problem ¢ézme becerilerinin matematik 6gretiminin temel bir parcasi

oldugunu ve 6grencilerin matematik basarisini olumlu yonde etkiledigini géstermektedir (Batty vd., 2010; Fuchs,

Seethaler, vd., 2021; Jitendra vd., 2013; Powell vd., 2015; Turhan & Giiven, 2014). Ayrica, problem ¢ézme

becerilerinin, 6grencilerin matematiksel 6z-yeterlilik algilari Gzerinde de olumlu bir etkisi oldugu belirtiimektedir

(Ural, 2015). Matematikte problem ¢6zme becerilerinin gelistirilmesi, 6grencilerin matematiksel 6z-yeterliliklerini

artirarak matematige olan tutumlarini olumlu yonde etkilemektedir (Ural, 2015). Bu da 6grencilerin matematikle

olan iliskilerini olumlu yénde etkileyerek matematik basarilarini artirabilir (Ozgen vd., 2017).
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Matematik problemlerini basarili bir sekilde ¢c6zmek icin 6grencilerin su adimlari eksiksiz ve hatasiz olarak yerine

getirmesi gerekmektedir (Powell vd., 2019):

e Matematik sézciikleri de dahil olmak tzere problem metnini okuyup anlamak.
e Problemin ¢ézumii ile iliskili olan bilgileri iligkisiz bilgilerden ayirabilmek.

e Problemi dogru sekilde temsil etmek.

e Problemin ¢éziime ulagtirmak igin uygun aritmetik islemlere karar vermek.

e Hesaplama yapmak.

e Mantikh oldugundan emin olmak igin cevabi kontrol etmek.

Ne yazik ki matematik glicligu olan veya risk altindaki 6grenciler genellikle bu adimlarin bir veya daha fazlasini
yerine getirmekte zorluk yasarlar ve bu da onlarin basarili birer problem ¢éziicli olmalarinin 6éniinde biyuk bir
engel teskil eder (Jitendra vd., 2015). Arastirmalar, matematik gigligli olan ve yetersizlikten etkilenmis
ogrencilerin, matematik problemlerini ¢ozerken akranlarina goére daha fazla zorluk yasadigini géstermektedir
(Powell vd., 2019; Jitendra vd., 2015; Fuchs vd., 2010). Bu nedenle matematik gligligu olan ve risk altindaki
ogrenciler problem ¢ézme becerilerini gelistirmek icin destek 6gretime ihtiyag¢ duyarlar. Ortak problem yapilarina
dayah etkili bir problem ¢ézme yéntemi olarak sema Ogretiminin, matematik gli¢ligl ve yetersizligi olan
ogrenciler icin etkili oldugu bulunmustur (Jitendra vd., 2016; Jitendra vd., 2013; Jitendra vd., 2015; Jitendra vd,
2007; Montague vd, 2011; Fuchs vd, 2010).

ilkdgretim siniflarinda problem ¢ézme genellikle dért islem ile iliskilendirilen problemlerin sunulmasiyla yapilir
(Jitendra vd., 2013). Maalesef aritmetik islem yapmayi 6grenmek tek basina 6grencilerin matematik problemlerini
basarili bir sekilde ¢dzmeleri icin yeterli degildir (Powell vd., 2015). Ogrencilere problem yapisini temsil eden
sematik gosterimlerden yararlanarak problemlerin nasil ¢oziilecegini 6gretmek, onlara cevaba ulasmak igin
yalnizca belirli aritmetik islemlere isaret eden anahtar kelimelere (6rnegin, “tamami”, “farki” vb.) glivenmeyi
ogretmekten daha etkilidir (Jitendra vd., 2007). Matematik gii¢ligi olan ve risk altindaki 6grencilere ortak
problem yapilarina dayali problem ¢ézme 6gretimini iceren miidahale programlarinin etkililigini inceleyen 18

arastirmadan gli¢lu diizeyde kanit temeli elde edilmistir (detayl bilgi icin bkz. Fuchs, Bucka, vd., 2021).

Ogrencilerin ilkégretim yillari boyunca karsilastiklari matematik problemleri icerdigi ogeler ve ¢6ziimiin
gerektirdigi aritmetik islemler baglaminda toplamsal semalar ve ¢arpimsal semalar olarak siniflandirilmaktadir
(Powell & Fuchs, 2018). Her iki kategoride yer alan problemler ise icerdikleri iliskiler bakimindan alt problem
turlerine ayrilmaktadir. Bir problem tiri, ayni niceliklere veya goze ¢arpan 6zelliklere sahip tim problemleri

kapsar (Jitendra vd., 2016).

Toplamsal problem tirleri gruplama, karsilastirma ve degisim problemleri olarak gruplandiriimaktadir. Turi ne
olursa olsun toplamsal problemler toplama veya ¢ikarma kavram ve islemlerini icerir (Powell & Fuchs, 2018).
Toplamsal problem tirleri, bu problem tiirlerini temsil eden sema gosterimleri, ¢éziim igin kullanilan denklem ve

problem 6rnekleri Ek 1’de sunulmustur. Carpimsal problem tirleri ise es grup, ¢arpimsal karsilastirma ve oran-
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oranti problemleri olarak gruplandiriimaktadir. Tlrl ne olursa olsun carpimsal problemler carpma veya bolme
kavram ve islemlerini icerir (Powell & Fuchs, 2018). Carpimsal problem tirleri, bu problem tiirlerini temsil eden

sema gosterimleri, ¢dzlim i¢in kullanilan denklem ve problem 6rnekleri Ek 2’de sunulmustur.

Etkili sema Ogretimi lic temel 6geden olusmaktadir (Powell & Fuchs, 2018; Powell vd., 2016). Bu 6gelerden ilki,
Ogrencilere her bir semanin ne anlama geldigini 6gretmekle ilgilidir. Sema 6gretimine, hedeflenen tek bir problem
tlrtnin tanitimiyla baslanir. Bu asamada iginde bilinmeyen hicbir 6genin olmadigi problem 6ykdileri aracihgiyla
hedeflenen problem tiiriniin 6geleri ve problem tiirline 6zgl sema tanitilir. Problem dykusiinde yer alan problem
ogelerini nasil tespit edecekleri ve semaya nasil aktaracaklari agik anlatim yoluyla 6gretilir. Sorumlulugun
kademeli olarak 6gretmenden 6grenciye aktarildigi bu sireg 6grenciler problem 6gelerini rahatlikla belirleyebilir
hale gelene degin devam eder. Ardindan problem tiriine 6zgl olan denklem tanitilir. Sema ile iliskilendirilerek
her bir problem 6gesindeki yeri vurgulanir. Ogrencilere daha énce kullanilanlardan farkli dykiileri kullanarak
problem ogelerini belirleme, semaya yerlestirme ve her bir problem 6gesini denklemde yerine koymaya iliskin

alistirmalar yaptirilir.

Etkili sema dgretiminin ikinci temel gesi, her sema igin bir ¢6ziim stratejisi 6gretmekle ilgilidir. Ogrenciler
hedeflenen problem tirine iliskin semanin anlamini kavradiktan sonra problem &gelerinden birinin bilinmedigi
gercek problem érnekleriile problem ¢6zme asamasina gegilir. Ogretmenin yiiksek sesle diisiinerek model oldugu
ardindan 6grencilere rehberlik ederek adim adim bagimsizliga ulastirdigi bu asamada 6grenciler; gergek problem
metinlerinde yer alan problem o6gelerini semaya yerlestirmeyi, bilinmeyen 6geyi sema lzerinde bir sembol
(6rnegin ‘?’) ile temsil etmeyi, semadan yararlanarak problemin ¢éziimiine gotliren denklemi yazmayi ve islem

yaparak denklemdeki eksik 6geyi bularak cevabi yazmayi 6grenir.

Etkili sema 6gretiminin Gglncl temel 6gesi ise problem tiirleriyle iliskili 6nemli sdzclik dagarcigini ve dil yapilarini
dgretmek ile ilgilidir. Ornegin gruplama problemleri Gizerine galisilirken dgrencilerin alt ve iist kategorileri temsil
eden sozciiklere iliskin 6n bilgiye sahip oldugundan emin olmak gerekir. Problem ¢ézme becerisi blylk olgide
okuma ve dili anlamaya dayanir. Ogrenme giigligii olan dgrencilerin okuma ve dile iligkin sorunlari gz éniinde
bulunduruldugunda problem ¢ozme 6gretiminde sdzcik dagarcigi ve dil ile ilgili galismalara 6zel zaman ayirmanin

o6nemi asikardir (Powell & Fuchs, 2018).
SONUC

Son vyillarda oOzel egitimde kanit temelli uygulamalara yonelik c¢alismalarin odagi, etkili midahaleleri
tanimlamaktan bunlarin 6gretim ortamlarinda uygulanmasinin 6niindeki engelleri kesfetmeye dogru kaymistir
(Russo-Campisi, April 2017). Kisaca arastirma-uygulama boslugu olarak adlandirilabilecek olan bu meselenin
arastirmalarin odak noktasi haline gelmesi oldukca &ngériilebilir ve olagandir. Oyle ki egitim arastirmacilarinin
tiim cabalarinin nihai hedefi 6grenciler igin olumlu ¢iktilar saglayabilecek Griinler ortaya koyabilmektir. Bu
hedefin gerceklesmesinin 6niindeki en blyilk engel ise etkililigi arastirmalarca ortaya konmus olan uygulamalar

gercek 6gretim ortamlarinda nadiren kullanilirken 6grenci ciktilar lGzerinde etkisiz veya sinirli etkiye sahip ve
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hatta olumsuz etkisi olan diger uygulamalarin 6gretmenler tarafindan siklikla tercih edilmesidir (Burns ve
Ysseldyke, 2009; Carnine, 1997). Ogretmenlerin kanit temelli uygulamalarin neler oldugu ve bu uygulamalarin
gercek 6gretim ortamlarinda nasil ise kosulacagl konusunda bilgilendiriimesineydnelik g¢alismalar arastirma-
uygulama boslugunun giderilerek kanit temelli uygulamalarin 6gretim ortamlarinda kullaniimasina katki

saglayacaktir.
ETiK METIN

Bu makalede dergi yazim kurallarina, yayin ilkelerine, arastirma ve yayin etigine, dergi etik kurallarina

uyulmustur. Makaleyle ilgili meydana gelebilecek ihlallerin sorumlulugu yazarlara aittir.
Yazarlarin Katki Orani Beyani: Bu ¢alismada birinci yazarin katki orani %60, ikinci yazarin katki orani %40’tir.
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EKLER

Ek 1. Toplamsal Problemler

Prablem tdrd ve Temsl pemass ve denklem Ornek problember
tarimi
Biyirk grup bifinmiyor: Kigik grig bilinmiyar: -
Gruplama problemleri:z Ali'nin 3, Ayge'nin 2 gekari var Aliile Ayge’nin toplam 5 gekeri
Inii-n'LBpunI Ikizinin birlikne kag gekeri alur? war. Sekerlerden 3 tanes Ali'nin
Kigiik gruplar bir araya aldufuna gore Aysenin kag
gelerak biyik grubu seleri vardir?
alugturur. Kl k2
fkuguk grupl | (kigik greg}
ki+k¥=B
Fark bilinmiyor: Biiylk mithar billmmiyor: Kiigilk miktor biliamiyor:
Karglaghrrma B Ali'min 3, Ayse'nin 2 sekeri var Ayse'nin I gekeri var Alinin Ali'nin 3 gekesi var Ali
prablemleriz vk miktar] i’ min gederleri Ayge’nin Aygeden 1 fazls jekeri olduguna Fazla jekeri olduguna gire Ayge’nin
sekerlerinden kag fazladir? gire Ali'nin kag ekeri var? kag gekari var?
Farki bulmak icin
gruplas karglagnndic Kk F
Ik miktar| Hark)
B—k=F
Sonug bilinmiyor (birkegtirme): Dregdigim bilinmiyor fbirleghirme): Boglangeg bilinmiyor (birfegtirme):
Degigim problemlesi: Ali'min 3 sekeri vard). foyge Alitpe 2 Ali'nin 3 gekedd vardi. Aype de Ayge Ali'ye 2 geker daha verince
m jeker dabia verdi. Ali'nin kag jekeri gekerlering Ali'ye werince A nin 5 Ali'nin 5 jekeri oldu. Baglangegta
Bacglangs; miktan aldu? gekeri ohdu. Ayge Ali'ye kag jeker Ali'nin kag yekeri vard 7
artarak ya da azalarak warmigtir?
degigir.
B 5 . . -
Deeres] v Sonug bilinmiyor (ayirma): Degigin bilinmiyor faywmal: Baglangig bilinmiyor {ayrmal:
Ali'nin 3 geker vard. Ali, Ali'rim 3 eker vardi, Sekerlerinin Sekerlerinden 2 tanesing Ayjeye
selerlerinden 2 tanesing Ayge'ye birazim Ayge'ye verince, Ali'nin 1 varince AR nin 1 pekeri kalde. Ayga'ye
B+D=§ werdi. Ali'nin kag gekeri kaldi? gedoeri kaldi Ali Ayge'ye kg gelker varmeden énce Ali'nin kag gekeri
B-D=% werdi? vard?

Powell & Fuchs [201E) kaynagindan uyardanmigtr.

Ek 2. Carpimsal Problemler

Problem tird ve Temsil jemas) ve denklem Ornek problember

tanimi
farpum bifnmipor: Grup biyiklGFd bilinmiyor: Grup sayr bilinmiyor:

[E§ grup M marketteki 6 yumurta Ai marketten 5 kutu yurmuarts aldi. Al marketteki 5 yumurta

problemleri: X = sutulanndan 5 kutu aldi Ali | Yumurtalann toplam saps 30 sutulanndan aldi. Yumurtalarin
toplarm ksg yurmurta alduuna gice bir kutuda kag taplam sayisi 30 olduguna gire Ali
almigte? yurnurta varder? kiag: Butu yumurta almaghr?

Frug oy grup bivikiigs gangm

Corpim biknmiyoar: Termel miktar bitinmiyar: Carpan bilinmiyar:

Carpamsal Mavi sapkanin fiyah & lirade. [ Kirmizi gapianan fivat 18 Eradir. Kirrmizi gapkanan fivat 1B lra, mai

argilagtirma % = Kirmizi gapkanan fivat mavi Kirmizi gapkanan fiyat mavi sapkarin fiyab ise & Brade, Buna

problemleri: sapkanin gapka kag liradir? sapkarun fiyatinan 3 katr ise masi giire kirmiz gapkanan fiyan, mavi

sapka kag lirader? sapkarin fiyatinan kag katdir?
termel miktar (Rrpan corpim
e o Emm——m Oene bitinmiyor: Mesne bilinmiyar:

Orant Bir Bei 2 saatte 36 tane fidan | Bir Bei 2 saatte 36 tane fidan

problemleri: dikiyor. Bu giftgi 7 saatte kag | dikiyor. Bu gifiginin 126 fidam
fidan diker? dikrnesi kag saat slres?

Eargilagtivilan miktar Tease] miktar - miktar bilinmiyar: Qe iy
Oran problemieri: Bir simifta kiz Sgrencilerin Bir simPtaki kiz G@rendlerin erkek Bir simifta 15 kiz, 25 tane de erkek
aran wrkek dfrencilare aran dfrencilere aram 3/5'tr. Bu sinifia dfiranci varder. Buna gore kiz
B/5'tr. Bu sinifta 15 kiz 25 erkek dfrend oldufuna gare ke | Gfrencierin eroek BErencilere
alduguna gire erkeklerin dfrencilerin sy kache? arani kaghr?
_— sayisi kaghir?
ermed ik tiar

Powell & Fuchs [201B) kaynagindan uyaranmighe.
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