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Abstract: This study aims to examine the impact of teaching problem-solving strategies conducted during math class, to
students with mild intellectual disabilities on their success in problem-solving. One of the qualitative research methods, the
teaching experiment, was used in this study. The participants' group of the study consists of three students from the high
school group of special education who were selected by the criterion-sampling method, one of the purposeful sampling
techniques. The teaching of intelligent guessing and testing, making a drawing (making a drawing shape, schema, and
diagram), and working backwards strategy, all of which are from the problem-solving strategies, was performed using the
direct instruction method in accordance with teaching experiment methodology. During the teaching process, eight problems
were taught and solved, including 4 in each strategy course plan. In total, 24 problems relating to these three strategies were
studied, and the implementation process lasted nine weeks. The research process was recorded via a video camera, and all
recordings were transcribed and analyzed by thematic analysis. As a result, it has been concluded that the teaching of
problem-solving strategies to students with mild intellectual disabilities improves their problem-solving skills and has an
impact on the problem-solving process. In light of the findings and results, it is recommended to teach problem-solving
strategies to students with mild intellectual disabilities to improve their problem-solving skills in math class.
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Abstract: Bu arastirmanin amaci, hafif diizeyde zihinsel engelli 6grencilere yonelik matematik dersinde yiiriitiilen problem
¢Ozme stratejileri 0gretiminin problem ¢dzme basarilarina etkisini incelemektir. Arastirmada nitel aragtirma yontemlerinden
ogretim deneyi kullanilmistir. Arastirmanin katilimei gurubu, amaglh 6rneklem yontemlerinden 6lgiit 6rneklem yontemi ile
se¢ilmis 6zel egitimin lise grubundan 3 Ogrenciden olusmaktadir. Ogretimde, problem ¢dzme stratejilerinden tahmin ve
kontrol, sekil, sema ve diyagram ¢izme ve geriye dogru caligma stratejilerinin 6gretimi 6gretim deneyi aragtirma modeline
uygun olarak dogrudan 6gretim yontemi kullanilarak yapilmistir. Ogretim siirecinde, her bir strateji ders planinda 4’er adet
olmak iizere 8 problem 6gretimi ve ¢dziimii yapilmistir. Toplamda {i¢ stratejiye iliskin 24 adet problem {izerinde galisilmis,
uygulama siireci 9 hafta slirmiistiir. Arastirma siireci video kamera ile kayit altina alinip, biitiin kayitlar transkript edilerek
tematik analiz yontemi ile analiz edilmistir. Sonug olarak, hafif diizeyde zihinsel engelli dgrencilere yonelik yiiriitiilen
problem ¢6zme stratejilerinin  0gretiminin, O6grencilerin problem ¢dzme becerilerini gelistirdigi ve problem ¢dzme
stireglerinde etkili oldugu sonucuna ulasilmistir. Elde edilen bulgular ve sonuglar 1s1ginda hafif diizeyde zihinsel engelli
Ogrencilerin matematik dersinde problem ¢dzme becerilerinin gelismesi igin problem ¢d6zme stratejilerine yonelik
Ogretimlerin yapilmasi dnerilmektedir.

Anahtar Kelimeler: Problem ¢6zme stratejileri, hafif diizeyde zihinsel engelli 6grenciler, 6gretim deneyi modeli

Tiirkge siiriim i¢in tiklayiniz

1. Introduction

Humans have always been in a struggle with nature, animals, plants, and their fellow creatures to sustain
their lives, from the day they existed on earth. These struggles have, of course, brought with them some
problems that need to be solved. From the beginning of humankind, problems have always been everywhere
people exist. In this regard, people receive formal or informal education to solve these problems. Universally,
children are educated in schools in preparation for life. In our country, the right to education is guaranteed by
Article 42 of the Constitution, stating, “No one shall be deprived of the right to education and learning.” Also, in
the world, Universal Declaration of Human Rights, Paragraph 1 of Article 26 points out, “Everyone has the right
to education. Education, at least, is free of charge in the primary and basic education stage. Primary education
is compulsory. Technical and vocational education is open to all people”. Considering the Article, “Higher
education should be equally accessible to all according to their abilities,” all our children should be enabled to
participate in education and training and be supported in this regard. In order for individuals with special needs
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to acquire independent living skills and take a place in society, it is needed to create appropriate educational
environments and training programs. This task is now conducted under the responsibility of the state. However,
other people in the society can favor the lives of individuals with special needs by exhibiting positive attitudes
and behaviors in particular. Education and training activities towards students who need special education are
carried out under the regulations and education programs issued by the Ministry of National Education (MoNE).
Students who need special education such as the intellectually disabled, hearing impaired, visually impaired, and
physically disabled study at different institutions, based on their needs. In this respect, students with intellectual
disabilities are educated in various institutions (such as special education needs practice schools-1* level; special
education needs practice schools-2" level and special education needs vocational schools-3" level) based on
their classification. Students with mild intellectual disabilities study at special needs education vocational
schools. These students' curriculum includes courses such as Turkish, Mathematics, Social Life, Religious
Culture and Moral Knowledge, and personal professional development within the scope of academic skills
courses. Mathematics is of significant importance in these courses. These students need mathematical skills in
daily life, such as math operations skills, problem-solving skills, reasoning, discovering, calculating, just like
their peers with regular education. In our developing and changing world, problem and problem solving will
continue to endure as long as humanity exists. It is inevitable that students with intellectual disabilities, too,
confront similar problems in everyday life. For this reason, children with intellectual disabilities should receive
an education appropriate to their particular needs to be able to live independently within the community. In terms
of the learning process, students with mild intellectual disabilities may have slower learning speeds than their
peers. They may, however, contribute to production based on their actual performance. “Problem-solving in
mathematics is the process of conducting research with controlled trials for the result, which, despite there is a
process planning from the beginning to the end, is not immediately reached” (Altun, 2008, p. 58).

According to Polya (1962), problem-solving means achieving a goal that is not immediately reached,
overcoming difficulties, and finding a way to get rid of obstacles. It is an exceptional achievement of
intelligence, and this intelligence is a special gift endowed on humans. Most characteristically, problem-solving
can be considered a human activity. The aim of problem-solving is to understand the problem-solving activity,
propose tools for teaching problem solving, and eventually improve the reader's problem-solving ability (Polya,
1962).

In a math course plan prepared for students with mild intellectual disabilities, it is aimed to provide students a
way of thinking that will help them solve the problems they will encounter in life. To solve math problems,
students need to acquire the concepts related to numbers and operations and become skillful at perceiving the
relationship between numbers (Ministry of National Education [MoNE], 2018). Besides, the general objectives
of the program include the phrase “he/she gains the problem-solving skills” (MoNE, 2018). Accordingly,
students with mild intellectual disabilities should inevitably use some problem-solving strategies to solve their
math problems. When considered the methods applied to solve the mathematical problems of these students, it is
seen that the strategies based on mathematical operations were mostly used.

While problem-solving skills and problem-solving processes are highlighted in the course plan, there are
relatively few studies in the literature that focus on problem-solving processes of students with intellectual
disabilities (Barrett, 1995; Casner, 2016; Cihak, 2010; Davis, 2016; Harris & Graham, 1992; Karabulut, 2015;
Kot, 2014; Nar, 2018; Rumiati, 2017; Tufan, 2016). Thus, this study has concentrated on the impact of teaching
mathematical problem-solving strategies for students with mild intellectual disabilities studied at special needs
education vocational schools on problem-solving skills. In this research, the teaching of problem-solving
strategies was conducted through course plans prepared in line with the problem-solving process set out by
Polya.

“A problem-solving strategy may not be applied to all problems in every step of the process. Some students
may use one strategy very well, while others may implement many of them successfully” (Baykul et al., 2010, p.
16). Therefore, it is of great importance to find out to what extent students with mild intellectual disabilities can
learn and use problem-solving strategies. The aim of this study is, by taking into account Polya's (2017)
problem-solving steps in mathematics, to teach understanding the problem, generating strategies for solving the
problem, using these strategies and checking the result, to the students with mild intellectual disabilities in
special education schools, by using the direct instruction method; and then to find out the impact of teaching
problem-solving strategies to students with mild intellectual disabilities on their success in problem-solving in
mathematics. Literature on problem-solving for individuals with intellectual disabilities generally focus on a
single strategy (Schema-based problem solving, self-monitoring strategy, “understand and solve!" strategy,
concrete/semi-concrete/abstract teaching strategy, ten cards, abacus, finger counting strategy, and Touchmath)
(Can-Calik, 2008; Casner, 2016; Cihak, 2010; Karabulut, 2015; Kot, 2014; Nar, 2018; Rumiati, 2017; Tufan,
2016; Tuncer, 2009). This study, however, has focused on three problem-solving strategies (intelligent guessing
and testing; making a drawing; and working backwards) that students with intellectual disabilities can learn,
implement, and are considered to be appropriate to their level.
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1.1. Conceptual Framework

Individuals with intellectual disabilities are people who experience severe difficulties in learning and
fulfilling the daily life activities, whose intelligence quotient is below two standard deviations, and who have
limitations in adaptive skills as well as mental functions (American Association on Mental Retardation [AAMR],
2002). Limitations in adaptive skills are interrelated with limitations in intellectual functions. In order to speak of
limitations of an individual, there must have limitations in at least two of the ten skill areas (communication,
self-care, home life, social skills, social usefulness, self-management, health and safety, functional academic
skills, leisure time, and work). These skill areas lie at the heart of sustaining a successful life. A significant part
of the special educational needs of people with intellectual disabilities is closely related to these skills. These
skills may differ based on chronological age (Eripek, 1998, p. 39-40). The significant proportion of the
intellectually disabled are children and young people who display a slight degree of mental retardation compared
to their peers. In the Diagnostic and Statistical Manual of Mental Disorders (DSM-V), published by the
American Psychiatric Association (APA), mental retardation is defined as intellectual disability and classified
into four groups. This classification, however, has not been made based on IQ scores but on adaptive behaviors.
The severity levels of intellectual disability are classified as mild, moderate, severe, and profound. In
determining severity levels, the levels of ability to apply vital skills under the titles of the conceptual domain,
social domain, and practical domain are considered (American Psychiatric Association [APA], 2013).

An individual with a mild intellectual disability is “the individual with a limited need for special education
and general education services due to a mild level disability in mental functions and conceptual, social and
practical adaptation skills” (Metin & Isitan, 2017, p. 161). “Children in this group usually study at special
education classes within regular education schools. These students are allowed to receive education in general
education classrooms by offering counseling services to classroom teachers or giving support services to
students. Children with a mild intellectual disability may not be recognized until they start school or even they
reach the upper classes. It is very likely, however, that they are identified in further classes since the tasks
expected from them in school and following courses become more challenging” (Eripek & Batan, 2016, p. 252).
This situation results in students being noticed late and deprived of special education services. It is common for
children with mild intellectual disabilities to attend primary and secondary school special education classes.
Nevertheless, when they reach the age of secondary education, they face the problem of the fact that there are not
a sufficient number of secondary schools with special education classes. Therefore, these students continue their
education in special education high schools for mild intellectual disabled under the Ministry of National
Education (MoNE) to be able to spend their high school years more efficiently.

There are available programs prepared for children with mild intellectual disabilities. Many children with
mild intellectual disabilities can benefit from general education programs. In case support services are provided
in general education programs, special education programs are not needed for these children. “There are three
groups of models for them. These are the life-centered model, the process teaching model, and the academic
model. The life-centered model is the model that aims to improve the life skills of individuals with intellectual
disabilities. The process teaching model is the model in which mental functions are attempted to be improved.
The academic model is the model that students with mild disabilities are mostly exposed. In this model, the
development of academic skills such as reading and mathematics, is targeted” (Sucuoglu, 2016, p. 236). In
general, MoNE's math education program of secondary education students with mild disabilities should aim to
enable students to gain the ability to generate new ideas to acquire problem-solving skills throughout life. The
educational environment of the students must be compatible with their lives to gain this ability. It is also
essential that the educational environment and programs be appropriate to the students' living conditions and
mental capacities. Students with mental learning disabilities experience difficulties in learning abstract concepts.
Therefore, during the teaching of the basic concepts and principles of mathematics to these students, it would be
better to work on more concrete examples, and examples from their immediate circle should be chosen in
teaching. Depending on the students' performance, opportunities allowing students to think abstractly should be
offered with examples, from concrete to abstract and from close to far. It is suggested that, in order to achieve
problem-solving skills in mathematics, students need to be able to understand the relationship between numbers
and operations and to have the skills required in the steps of problem-solving (MoNE, 2018).

If the problem is considered as cases that confuse the mind and make the belief uncertain, then solving the
problem would be to eliminate ambiguous situations (Baykul, 2014, p. 68). Solving the problem is a practical art
like swimming, skiing, or playing the piano. You can learn it by imitating and doing practice only. If you want to
learn to swim, you need to jump into the water; and similarly, if you want to become a problem solver, you need
to solve problems (Polya, 1962, p. 9). “Problem-solving means knowing what to do in the face of a problem that
arises. The problem-solving is described as the process in which steps to be taken and which activities to be
performed are clearly defined, and in which research is conducted in a controlled manner to achieve the goal”
(Altun, 2008, p. 58). “The problem-solving ability, when faced with a problem, is to understand the problem by
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grasping its content, to choose the appropriate solution for solving the problem, to improve to apply this solution
and the ability to interpret the outcomes of the solution” (Baykul et al., 2010, p. 13).

“There is no standard way or method used in the solution process for all problems. If this were the case, the
problem would have been solved forever” (Altun, 2008, p. 60). Another essential aspect that is seen consistently
during the implementation of problem-solving activities is that the students pay attention to the solutions of the
problem and the process of achieving their solutions. This challenges the idea that when studying a problem,
students’ main focus is to find the solution. Paying attention to the process allows students to analyze the
qualities of various solution methods, compare them, and look for applications and extensions of the problem.
Solving a problem is the starting point for initiating new mathematical thoughts. Students are, therefore,
encouraged to work on diverse problems and look for connections and extensions of the original problem
(Santos-Trigo, 1998, p. 639). Understanding the problem process, exploring how the problem is solved, and
eventually achieving the result, is very meaningful for the student to learn problem-solving. If the student
receives a result-oriented education, he/she will never wonder how to solve the problem, and the teaching will
not go beyond memorized solutions. In order for the student to be able to configure the information and to reflect
the education he/she received in problem-solving to the solutions of other problems, the student needs to
internalize and adopt the problem-solving process thoroughly. Therefore, the way or ways we will follow in the
problem-solving process should be consistent in terms of both scientific and pedagogical and should also be
supportive of each other.

Polya's problem-solving process is a method that proved itself in the math community, both in the scientific
and educational sense. The problem solver must first understand the problem and see what is asked in the
problem clearly. In order to understand the problem, he/she needs to analyze the given and asked ones about the
problem and find the relationship between these two. In the second step, it is needed to see how the unknown is
related to the given ones to have an idea of the solution and ultimately to create a solution plan. The problem
solver must make a plan based on the data of the problem and the asked ones. Thirdly, he/she must implement
the plan. In the final step, he/she must review and check the solution by going back to the solution completed
(Polya, 2017, p. 5).

A problem-solving strategy in mathematics is the method preferred to determine the steps to take and how to
solve a problem in order to find a way to be followed in solving a problem. The strategy through which the
problem solver intends to solve the problem becomes the strategy he/she chooses and will be his/her own
method. In the problem-solving process of Polya, there is a choice of strategy in the planning step. Some of these
strategies can be listed as follows: (1) Intelligent guessing and testing (including approximation), (2) solving a
simpler analogous problem, (3) animation and simulation, (4) working backwards, (5) finding a pattern, (6)
logical reasoning, (7) making a drawing (visual representation), (8) adopting a different point of view
(Posamentier & Krulik, 1998). In addition to these strategies, Baykul et al. (2010) also states: (9) model
examination, (10) making tables, (11) organizing a systematic list, (12) writing equations, (13) trial-and-error,
(14) elimination, and (15) examining the known ones critically.

In the study, a guessing is made with the intelligent guessing and testing strategy from the problem-solving
strategies that are taught to students with mild intellectual disabilities. If this guessing is a logical one, then it
enables the solution to be achieved. Even if the guessing is a failed one, it will help to be closer to the solution.
Because after the failed guessing, a new idea comes out to reach the solution, thereby helping to get a better
understanding of the problem and bringing it closer to the solution. At the end of each guessing, the solution to
the problem is now more close, and then the result is achieved (Baykul, 2014, p. 72). The shape/schema/diagram
created in the strategy of making a drawing make the problem easier to understand, allow the problem to be
perceived as a whole, as well as help in finding a way for the solution. The shape means achieving the solution
of the problem with visual elements by establishing a visual connection between the given and asked ones in the
problem (Baykul, 2014, p. 73). Instead of the beginning part, sometimes the result of the problem is given in
some problems; in this case, the first part is asked. For the solution of such problems, one can go from the result
of the problem to the beginning by using the working backwards strategy. “In this process, it is tried to get the
first data step by step and to solve the problem by reversing both actions and operations” (Altun, 2008, p. 86).

2. Method

In this study, the teaching experiment methodology, one of the qualitative research models, was used to
examine the effectiveness of teaching performed with problem-solving strategies in gaining problem-solving
skills to students with intellectual disabilities. The teaching experiment pattern can be described as a conceptual
tool that researchers use to organize their own activities. Although it is derived from Piaget's clinical interview
technique, the teaching experiment is more comprehensive than the clinical interview, as it involves the
revelation of the students’ mathematical knowledge as well as experiencing the ways/means and situations in
which this knowledge is affected (Steffe & Thompson, 2000). Whereas the clinical interview targets at
understanding the student’s current knowledge, the teaching experiment aims at understanding the improvements
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that students achieve at the end of an extended period. The teaching experiment consists of four sections. The
first one is the teaching stage, the second is the researcher or teacher, the third is one or more students, and the
fourth one is the observation of the teaching process and the video recording of all the stages in this process
(Steffe & Thompson, 2000). In the preparation of course plans and teaching process in the implementation stage
of the teaching experiment model, the direct instruction method, which is used in special education, has been
preferred.

Direct instruction is a method that Engelmann (1998) developed while teaching his own children in the
1960s, and that he tested and revised by working on thousands of students. Direct instruction involves three main
elements. These are; the planning of the teaching, the techniques applied in the process of the presentation of the
teaching, and the regulation of the teaching. The attitude towards the fact that almost all students can learn
mathematics lies directly at the nature of teaching (Polloway, Serna, Patton & Bailey, 2014, p. 211). “The direct
instruction method consists of three stages: becoming a model, guided practice, and independent practices.
Teaching practices are conducted by the guidance of the teacher” (Baglama, 2018, p. 30).

In "becoming a model," which is the first stage of direct instruction, the teacher is actively becoming a model
to the student. At this stage, the teacher is at the position of directly undertaking the teaching of the subject,
whereas the student is at the position of observing and listening. The second stage, called the guided practice, is
the stage where the teacher acts as a guide and the student themselves actively participates in the process. The
student is now gradually involved in teaching and starts to make progress. This process is essential for direct
instruction. In the third stage, namely independent practice, the student is expected to make his/her own
decisions for the solutions of the subject that is being taught. This practice has to be made ingeniously every
time. In order for the student to reach this level, the step of "becoming a model" and the step of guided practice
must be explained meticulously by the teacher to the student, together with tips, technological support, and
abundant educational materials (Engelmann & Carnine, 1991).

2.1. Participants

One of the purposeful sampling techniques, criterion-sampling, was used to determine the participants. To
this end, nine possible participants with mild intellectual disabilities who study at the Special Needs Education
Vocational Schools under the Ministry of National Education (MoNE) were administered a reading
comprehension test, a math operations test, and a problem-solving test developed by the researcher. These
instruments were developed and then used in line with the views of Turkish field experts, special education field
experts, and mathematics field experts. By evaluating the responses of the students to the mentioned
measurement instruments and the teacher's views, the student group to which the problem-solving strategies
were taught was determined. As the selection criteria for students, achieving success of at least 75% from the
reading comprehension test, gaining success of at least 50% from the math operations tests involving in-hand
addition, subtraction with borrowing, multiplication, and division, and solving at least two of the five problems
comprising at least one operation in the problem-solving test were determined. The participant group of the study
was created by selecting three students, who met the criteria among nine students, who were voluntary and
suitable for working conditions, of a special needs education vocational school that provides education to
students with mild intellectual disabilities in a city center in Aegean Region in the 2018-2019 academic year. Of
the special education high school students who were selected regardless of the gender, three students, two of
whom are male and one is female students, are in the age range of 15-18 and suitable for the requirements. When
evaluated the condition of the students’ meeting the criteria, it can be stated that the three selected students were
generally able to solve problems, use different strategies though they were not taught, were more advanced in
understanding the problems they read than other students, and were keen to participate in the study. According to
hospital health board reports and data obtained from counseling and research center, Student T's Stanford-Binet
Intelligence Test Score (1Q) was 63, diagnosed with F-70 mild mental retardation, and the total loss of body
function was 50% according to the condition of inability. Student M's Stanford-Binet Intelligence Test Score
(1Q) 61, diagnosed with F-78 mild mental retardation, and total loss of body function was 50 % according to the
condition of incapacity. Student K had a WISC-R SI1Q58-PIQ70-TIQ62 test score, with a mild mental retardation
+ clinical epilepsy diagnosis, and total loss of body function was 53% according to the condition of inability.

2.2. Data collection tools

The research data consists of the answers given by the students to the problems in Stage 1 and Stage 2 of the
independent practice of the course plans prepared by the researcher according to the direct instruction method,
and the transcriptions of the images reflected in the video recording at this stage. Follow-up forms prepared and
then given to students have been a complete source for data by combining them with video transcriptions.
During solving each problem, the student received training by using the follow-up form and then applied it. The
use of the follow-up form is an activity chosen for the student to internalize the process thoroughly.
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2.3. Data analysis

A descriptive analysis was used in data analysis. “With this analysis, findings identifying the individuals
taught are evaluated. With content analysis, data determined as being similar and related to each other are
interpreted by combining them within the framework of certain concepts, themes, and codes” (Karatas, 2017, p.
79). “The descriptive analysis comprises four stages (Yildrim & Simsek, 2008, p. 224): (1) Creating a
framework for descriptive analysis, (2) Processing the data according to the thematic framework, (3) Defining
the findings, and (4) Interpreting the findings”. In creating the themes in this study, Polya's (2017) problem-
solving steps such as, understanding the problem, making plans, and implementing the plan, were determined as
the main themes. By encoding under these themes, findings were constructed compatible with these encodings.

To ensure the encoding reliability, a field expert of special education, apart from the researcher, was
designated as the encoder. Encodings were made only for independent practice stages (Stage 1 and Stage 2).
Encoders encoded research data independently from each other. All resulting codes were classified as
"analogous codes" and "decomposing codes.” Miles and Huberman (1994) refer to analogous codes,
"consensus," and decomposing codes as "dissensus,” and propose the formula of "Consensus / (Dissensus +
Consensus) x 100" for the interrater reliability. Within the scope of the study, the percentage of Miles-Huberman
compliance was found 0.80, according to the above formula. This value is considered as a sufficient level in
terms of encoding reliability.

In line with the views of the field expert of special education, the follow-up form was used in all stages of the
course plans up to Stage 2 of the independent practice. With this form, both the learning processes of the
students were kept under control, and the identification of codes became more manageable during the data
analysis. It can be stated that the use of the follow-up form enhances encoding reliability. From the general data
collection methods, participant observation, document review, and the transcription of the interview conducted
with the student by taking a video recording were used during the teaching process of the research in creating
data. Thus, it was attempted to find out how participants perceived, conceptualized, and evaluated the teaching.
In addition to the existing data collection methods, it was tried to increase the validity and reliability of the
research by diversifying the data through the video recording method, one of the supportive data collection
methods.

2.4. Process

In this study, the teaching of three strategies (intelligent guessing and testing; making a drawing; working
backwards) was determined. In the selection of these three strategies, it was preferred that the strategies did not
require much logical reasoning, writing equations and complex operations. After the strategies were determined,
course plans were prepared for each strategy in line with the direct instruction method (motivating the student,
becoming a model, guided practice, and independent practice). Eighteen of the problems in the course plans
prepared with the direct instruction method were initially drafted by the researchers. On the other hand, six of
them were inspired by the problems mentioned by Posamentier and Krulik (1998). All problems were submitted
to the approval of experts in the field of mathematics education and special education and then applied by
making the necessary corrections. The first course plans were prepared comprehensively, one for each, and
submitted to the approval of experts in the field of mathematics education and special education. The content and
teaching of the problems were corrected in line with the views of the expert having mathematics education.
Because the students are special education students, a follow-up form in line with the views of the field expert of
special education was developed for the students to be used in model practice, guided practice, and independent
practice steps in the teaching process. During solving each problem, the student received training by using the
follow-up form and then applied it. By incorporating the follow-up form into the teaching process, the
independent practice was increased to two stages, and two evaluations were carried out as Stage 1 and Stage 2.
While the student was allowed to use the follow-up form in Stage 1, for the evaluation in Stage 2, the student
was asked to perform a completely independent practice on a blank A4 paper without being given the follow-up
form. In each strategy course plan, eight problems were taught and solved, including 4 for each. A total of 24
problems from three strategies were studied. Before teaching with the participant group, a pilot scheme was
performed with another non-participant student, and re-evaluations were carried out, and preparations for the
original participant group were made. A course plan for each strategy was planned to be 5%40 minutes, and the
teaching of students was conducted in the way of one-to-one training in a classroom environment. Each course
plan took a week and a half to implement. The whole teaching process was recorded with a video camera. After
each step, the student's follow-up form and A4 answer sheet were filed. Materials used in different teachings are
hanging on the walls inside the classroom. The necessary documents were introduced by the researcher while
teaching the students. The teaching was performed on the whiteboard with the support of a projector. There are
desks and seats for students to sit on, as well as a teacher's desk. During the lessons, the student was placed on
the teacher's desk and seat in the classroom, facing the whiteboard. The camera was placed in a way to see the
board while the researcher was teaching during the model application step. In the guided practice, the researcher
placed a chair next to the student's desk and sat side by side with the student. At this time, the camera was placed
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in a way to see both the student and the researcher as well as the working sheet. In the independent practice step,
however, the researcher was standing, and the camera was positioned next to the table in a way to see the student
and his/her paper.

3. Findings

The findings of the study regarding the three problem-solving strategies are provided under the main
headings. The first of these strategies is the intelligent guessing and testing strategy, the second one is the
strategy of making a drawing, and the third one is the working backwards strategy. The findings were explained
by evaluating the performances that each student displayed according to the main themes and encodings. Three
different strategies were evaluated within itself, and the findings of the students were presented under the title of
strategies.

When evaluated the findings of the intelligent guessing and testing strategy in general, it has been observed
that the students tried to create the steps of the given and asked ones after reading the problem. At this stage,
except for Student T, the other students correctly created these steps. It was seen that Student T directly engaged
in the problem to solve, without looking at the given ones. On the other hand, Student T understood the given
part as "Of which concepts have we been given information in the problem?" Student T did not feel the need to
write the values of these concepts. It was witnessed that Student T created the asked ones together with the given
ones, as if he/she had to find the values specified in the given ones that he/she was not actually required to study.
Student T used the expression "I will draw a table for my guessing,” indicating that he/she chose the intelligent
guessing and testing strategy for solving the problem. It was observed that he/she created his/her table and titles
correctly, but instead of solving the problem on the table, he/she started to solve the problem on a separate A4
paper sheet. Rather than using the intelligent guessing and testing strategy for solving the problem, it was seen
that he/she tried to reach the solution by using the extreme cases that had not been taught before, and by
reasoning, which he/she was able to do on his/her own. It was observed that the student started to solve the
problem by steps compatible with the intelligent guessing and testing strategy. However, when he/she advanced
to the solution process, he/she preferred to solve the problem with a different strategy. He/she was able to solve
the problem without having any difficulties in using extreme cases and implementing reasoning strategy. After
thinking that he/she reached the result of the problem, he/she achieved his/her guessing by doing mathematical
operations in mind, by also writing the results he/she got in the prediction section on the table. It was observed
that the student solved the problem with the intelligent guessing and testing strategy as well.

It was seen that the students were generally successful in the step of understanding the problem, one the
problem-solving steps of Polya. It was witnessed that in all problems, the students were able to draw a table for
the guessing of the strategy by selecting the intelligent guessing and testing strategy. Student M had difficulties
in creating the table title in the first applications, but other students were, in general, able to create the table
titles. It was observed, however, in the last applications that Student M, too, could create the table titles. This
indicates that the students were able to benefit effectively from the table in using the intelligent guessing and
testing strategy. It was seen that in the problems of which the teaching and evaluation were made, they were able
to make predictions in accordance with the strategy in general. They were observed to control the guessing
results by comparing the results of their guessing with the given. In the problem in which there was an additional
criterion, all students were seen to get stuck on the criterion and not able to implement the strategy. It was
discovered that the number of the guessing of the students who could not see the systematic correlation between
their guessing increased, and they became perplexed, so they could not use the strategy in tune with its nature.
Therefore, within the framework of the findings of the research on intelligent guessing and testing strategy, it
was determined that students could run this strategy for problems that do not contain complex criteria, and that if
there was a criterion, however, that determines the relationship between variables, they would experience
difficulty. Sample images from the student’s answers about the solution process are shown in Figure 1.
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Figure 1. Sample images from the student’s answers on intelligent guessing and testing strategy

When the findings of independent practice on the strategy of making a drawing were evaluated, all students,
except for Student T, were observed to be generally successful in creating the given and the asked ones of the
problem. It was also found that Student T often wrote incomplete information since he/she did not read the
question very carefully when creating the given ones. All students were seen to be able to choose and implement
the strategy of making a drawing to solve the problem. During the implementation stage, it was seen that they
could draw shapes compatible with the given ones of the problem. If there were more than one criterion and
instruction in the problems, it was observed that students got stuck on these criteria and instructions at different
rates. They were seen to be unable or have difficulty implementing the strategy due to these pauses. However,
they were able to perform the criteria with the guidance of the researcher. It was found that, although one of the
students had much more difficulty applying the criteria or even failed to do that, another student succeeded
without having any trouble. It was observed that students could, in general, reach the solution results of problems
directly by performing operations with rhythmic counting, making mathematical operations in mind, or without
performing operations using a shape. The individual differences of the students seemed to lead to considerable
differences in the implementation of the strategy. Nevertheless, in general, the students were seen to understand
the nature of the strategy and to be able to put it into practice. At the points where they had difficulty
implementing the strategy for various reasons, they were observed to succeed with the guidance of the
researcher. Sample images from the student's answers about the solution process are shown in Figure 2.
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Figure 2. Examples of the student’s answers on the strategy of making a drawing
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The findings of the working backwards strategy, in general, indicated that all of the students were successful
in creating the given and asked ones. It was observed that all students chose and tried to implement the strategy
that was taught in order to solve the problem. In solving the problems, they were seen to be able to use the
strategy of making a drawing that they had learned before, as well as the working backwards strategy. Although
it seemed difficult for students at first to move backward from the most recent given to the first given one in the
problem, they were observed to have no difficulty going backward as the number of problems studied soared.
They were seen to have difficulty going backward when the type of problem they solved was altered, and they
were more successful in the type of problem which they did many exercises. It was observed that if the problems
contained a criterion, the students had difficulty implementing the working backwards strategy, and they were
even sometimes unable to use it. At this stage, almost all students needed the guidance of the researcher, and
they were seen to be able to implement the strategy with the guidance only. However, if they understood the
criterion, they had no difficulty implementing the strategy. Sample images from the student's answers about the
solution process are shown in Figure 3.
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Figure 3. Examples of the student's answers on the working backwards strategy
4. Discussion

It was reflected in the preliminary findings of the study that the participant students with mild intellectual
disabilities had limitedly implemented the strategies in the problem-solving process before they had received an
education; however, the findings of the study have indicated that they started to use strategies more and more
effectively after the teaching of strategy. Similar to the contribution made to the academic achievements of the
students mentioned in the course programs, it can be understood from the research findings that the teaching of
problem-solving strategies, which are relatively more difficult to develop, has also played a useful role in
improving their skills. Barrett (1995) examined in his research the possible differences in problem-solving
abilities between children with intellectual disabilities and regular class children. It has been found that children
with intellectual disabilities and regular class children of comparable developmental level (mental age) employ
much the same problem-solving strategies and have similar solution time rates when involved with problem
solving of game-like tasks. Similar to Barrett's (1995) study, it can be stated that the performance of students
with mild intellectual disabilities in the problem-solving process reflected in the findings of our study overlaps
with the study results in the literature conducted on the problem-solving processes of children with typical
development (Aydogdu & Yenilmez, 2012; Baykul et al., 2010; Turhan, 2011). The operations, calculation
errors, and ways of using strategy used by students with mild intellectual disabilities in the problem-solving
process bears a resemblance to those of children with typical development that are comparable and appropriate
to their level.

It has been observed in the problem-solving process that students made use of mathematical operations,
rhythmic counting operations, mathematical operations skills such as addition, subtraction, multiplication, and
division, as well as performing math calculations in mind. It has been seen that, although students with mild
intellectual disabilities exhibited the mentioned behaviors based mostly on operational skills to a certain extent,
they had difficulty performing higher-level skills, such as logic, writing equation, reasoning, and complex
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operations than their peers with typical development and could not use them effectively in problem-solving. The
reasonable explanation of this is that, during the teaching of mathematical operations skills to students with mild
intellectual disabilities, a large number of examples were provided with an algorithmic approach (according to
the order of operations) based on errorless teaching methods. It is believed that the students' learning of order of
operations, which is the basis of this teaching, bears a resemblance to rote learning. What is expected from
students, is to be able to perform operations with the algorithmic approach in problems that require four
operations. Due to their special needs, the students are not anticipated to be able to perform operations that
require high-level skills as much as operations skills. In the research of Temizéz (2013) on problem-solving
regarding students with intellectual disabilities, the participant students were observed to follow mainly
operational knowledge, rather than conceptual one, in mathematical problem-solving. The study has concluded
that students with mild intellectual disabilities tend to use operational skills in general, yet it should not be
overlooked that they tried to use problem-solving strategies by moving away from using direct operational skills
at the end of strategy teaching. Based on both the informal observations of the researcher and the students'
problem-solving papers, it can be concluded that the three participant students have changed their thinking that
problem-solving in mathematics does not just consist of mathematical operations; moreover, different ways can
be used to solve the problem and even more than one strategy can be implemented to solve the same problem.

In the teaching process of the research, Polya's problem-solving steps were implemented, which are also used
in the problem-solving process of children with typical development. When the findings of the research are
evaluated according to Polya's problem-solving steps, it is concluded that the students were not able to fully
display some behaviors (Polya, 2017), such as identifying the given and asked ones, and explaining the problem,
which is considered to be critical behaviors of the step of understanding the problem in the first courses of
strategy teaching. Besides, they were unable to proceed in solving some problems and often returned backward
to understand the problem to solve it. The most fundamental challenge students experienced in understanding the
problem stems from reading comprehension (Baykul, 2014). This situation is also the same for children with
typical development. At the beginning of the teaching, it was seen that Student T was not successful in creating
the given ones of the problem; but at the end of the teaching, he/she began to organize the given ones correctly.
It was, nevertheless, observed that the other two students correctly created the given and the asked ones in all the
problems, from the beginning to the end of the teaching. The possible reason that Student T was not successful
in creating the given ones at the beginning of the teaching may be that there was no teaching on understanding
the problem in a way that indicated the given and asked ones; but rather, that the teaching focused on solving the
problem in the teaching on the math problems conducted before the implementation. Because the fact that
Student T was successful in creating the given ones towards the end of the teaching applied within the scope of
research seems to support this view. As for the behavior of explaining the problem, it has been observed that not
all of the students, but at least one of them, could express the problem with their own sentences or explain the
solution process. These behaviors may be regarded as an indication that students, in general, have successfully
completed the step of understanding the problem at the end of the strategy teaching process. It can be stated that
if they complete the step of understanding the problem, they plan to solve the problem and put their plans into
practice. It was observed that in advance of teaching, students generally took a problem-solving approach in the
way of reading the problem and then referred to mathematical operations without knowing why. However, it was
seen that during the teaching process and the independent evaluations made at the end of the teaching, the
students made plans by focusing on the teaching strategies instead of just considering performing mathematical
operations to solve the problem. This indicates that the three students were able to act appropriately to Polya's
plan-making step in problem-solving. It seems that the students controlled the accuracy of any guessing they
made in the intelligent guessing and testing strategy, by comparing them with the given ones. However, it was
found that all three students had never applied to the step of checking and cross-checking, which is the final step
of Polya's problem-solving process. None of the students' problem-solving records presented any indication that
they had displayed the behavior of checking or cross-checking the operations they had performed. This finding is
similar to the findings of studies over their peers with typical development regarding the problem-solving
process (Baykul et al., 2010).

The findings of the study on problem-solving strategies were discussed separately for each strategy. The
intelligent guessing and testing strategy is the first strategy that was taught within the scope of research.
Therefore, students are considered to suffer from inexperience in the first stages of teaching. It has been found
that they had difficulty implementing the first course plan but were then able to adapt to the teaching process. In
all independent assessment steps, where problems are anticipated to be used in the intelligent guessing and
testing strategy, all of the participant students seemed to have learned the nature, functioning, and way of using
the strategy. In general, students were able to choose intelligent guessing and testing strategy to solve the
problem and create a table to implement the strategy. It has been observed that Student M experienced problems
with the first applications in creating the table titles they created for their predictions and needed researcher
guidance to complete the titles. It can be stated that the guidance looked like a tiny cue and in a way that allowed
students to recognize them. It seems from the findings relating to two students that they were able to create the
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table titles accurately. It can be stated that the students made their initial guessing randomly in general; for the
later ones, however, they switched to systematic guessing if they understood the given ones of the problem well.
It is considered that in case they were unable to figure out the logic hidden in the problem, they continued to
make random guessing, thus increasing the number of guessing. Especially when students were unable to
understand the problem, they needed researcher guidance to be able to make their guessing. Therefore, it can be
pointed out that the step of understanding the problem for students with mild intellectual disabilities is a critical
step in the problem-solving process, as is the case for students with typical development. It seems that when
reading some of the problems, they did not read the information given in them very carefully, so they missed
some information. Student T and Student K were observed to be unable to advance to the guessing step because
of the difficulty they had in understanding the problems, and that the number of guessing considerably increased
because they made calculation errors at the stage of testing the accuracy of their guessing. It can be stated that
this situation made the students more confused and lead to serious challenges in achieving results. It has been
concluded that they could not solve the problem without the guidance of the researcher in such cases.

Remarkably, Student T applied to "the strategy of considering extreme cases and logical reasoning” in
solving a problem that was not taught before, as well as the strategy of teaching. This indicates that the student
surprisingly did not hesitate to choose and implement his/her own problem-solving strategy in the problem. The
student solved the problem with his/her own preferred strategy and reached the right conclusion. This shows that
the student does not believe that a problem needs to be solved with just one strategy, but rather, thinks that more
than one strategy can be used for achieving the solution. In his research, Celebioglu (2009), which examined the
levels of primary school first-grade students to be able to use problem-solving strategies, reported that first
graders were able to use strategies even though they had not been taught. This finding is similar to that of
Student T being able to use the "strategy of considering extreme cases," even though he/she was not taught.

In the final independent question of the practice of the intelligent guessing and testing strategy, all of the
students experienced a similar process. It has been observed that an additional second criterion in the problem
places a particularly high burden on the students' implementation of the strategy. Both the content of this
criterion and the fact that it created additional instructions caused the students to fail in implementing the
strategy. The students' facing with the criteria in the problem such as "solid, more, missing, half, and having
more than one instruction in the problem™ has been assessed as a situation that the students did not encounter
much before, and also they were seen not to know what to do in solving such problems. As a result, students
have been observed to not be able to to deal with this criterion on their own, they could not use the strategy in
this case but were able to solve the problem with the researcher's guidance.

The strategy of making a drawing can be considered to be the most successful one for all three students. This
is because the students were successful both in choosing the strategy and in making a drawing appropriate to the
problem. In particular, the fact that the drawings of Student M were compatible with the context of the problem
is remarkable. Similarly, among the drawings of Student K are the drawings appropriate to the context of the
problem. It can be stated that when making a drawing in the problem, Student T preferred symbolic shapes that
were appropriate to the given of the problem, instead of struggling to draw shapes that are appropriate to the
context of the problem. Besides, it seems that the shapes drawn by all three students reflect the given and asked
ones of the problem. While students were able to draw shapes in problem-solving, it has been witnessed that
when they faced the additional criteria in the problems, they experienced difficulty and could not progress
without guidance. Student K was observed to get stuck on the criteria for the second, third, and fourth problems,
and to have difficulty in overcoming these criteria and not to be able to solve them without the researcher’s
guidance. The fact that the student experienced the same challenge in all three questions brings to mind that this
may be due to the individual differences of the student. It is also likely to state that all three students experienced
difficulty with the additional criteria in the problems.

The findings of the working backwards strategy have indicated that all three students were able to select the
strategy and then begin the stage of implementing the strategy. It has been observed that for all problems,
Student K had difficulty applying the working backwards strategy. It seems that Student K mixed up the places
to go, confused the times to go back, and, in the final problem, got stuck on the criteria and was only able to
move forward with the researcher’s guidance. In the working backwards strategy, Student K could express the
need to follow a backwards way based on the given ones, but could not implement it. It is thus believed that
Student K grasped the nature of the working backwards strategy, but was not successful in implementing it. The
research findings show that Student K was more successful in using the other two strategies. Student T got only
stuck on the criteria in the final problem, one of those related to the working backwards strategies. It is assumed
that this issue stemmed from the difficulty he/she experienced in understanding and applying the criterion in the
problem. When it comes to other problems, it seems that Student T was able to implement the working
backwards strategy. It has been observed that Student M, too, got stuck on the criteria in the last problem and
had difficulty understanding and applying the criteria in the problem. All three students were able to understand
the criteria of the final question with the researcher’s guidance only. One of the remarkable findings is that
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Student M and T drew the clock models and solved the problem on these models, using the strategy of making a
drawing that they were taught before, as well as estimating and writing the hours down by operating while
solving the problem backwards in their clock problems. This indicates that the students could generalize the
strategy they had learned before and used it in other problems as well and implemented the two strategies
together. In other words, students were able to use the strategy they have learned in different problems without
limiting it to existing ones.

When the findings of the three strategies are considered together, it has been concluded that the three students
were able to write the given and the asked ones in the step of understanding the problem and explain the problem
with their own sentences when necessary. It has been observed that they were able to determine the appropriate
strategy for solving the problem and take steps in this direction. It has also been determined that they tried to
make the necessary actions to solve the problem and could explain what they did in the solution process. It is
believed that when they fully understand the problem, they can reach the correct result. Nevertheless, if they do
not understand the problem, then they need guidance. It seems that if there are additional criteria and further
instructions within the problems, students have difficulty solving the problem and even are unable to solve them
on their own. It is believed that they should be guided in such cases. Therefore, the problems to be addressed to
these students should not include too many criteria but comprise a limited number of instructions. The teaching
of problem-solving strategies seems to play an effective role in these three students' problem-solving
achievements. Some researchers have also come to similar conclusions, such as; Nar (2018) has proved that the
concrete/semi-concrete/abstract teaching strategy is effective in teaching the math operations of addition;
Rumiati (2017) has revealed that the use of ten cards and abacuses may be useful for developing strategies for
solving addition and subtraction problems of adolescents with mild intellectual disabilities; Casner (2016) has
concluded that most of the students involved in the research learned as a result of schema-based teaching and
improved their mathematical problem-solving skills; Kot (2014) has stated in his research that the scheme-based
teaching strategy conducted by the direct instruction method is effective in the mathematical problem-solving
performances of children affected by intellectual disability; Altun and Arslan (2006) have concluded that the
environment created for the teaching of problem-solving strategies to primary school students has an impact on
teaching some strategies.

5. Suggestions

e The results and findings of the research indicate that the teaching of problem-solving strategies to students
with mild intellectual disabilities narrows the gap between them and their peers with typical development,
and directs them to use different strategies, instead of focusing directly on operational skills in the problems.
Moreover, the steps of the problem-solving process lead them to exhibit appropriate behavior. It is thus
suggested that teachers of mathematics and special education who work with students with mild intellectual
disabilities should try to teach mathematical problem-solving strategies patiently and use systematic
approaches similar to Polya's problem-solving process.

o It has been observed that the step of understanding the problem is crucial in the problem-solving process for
students with mild intellectual disabilities, just like students with typical development. It is suggested in this
step that studies focusing on critical behaviors and aiming just to understand the problem, should be carried
out as an indication of the level of understanding of the problem.

e When considered the fact that students with mild intellectual disabilities can develop their own strategies for
problem-solving, use any, or several strategies together they preferred, and use one strategy they learned
before to solve another problem, teachers are advised to allow students to choose their own strategies and to
take measures for teaching different strategies.

e It is suggested that, in the teaching process designed for the problem-solving skills of students with mild
intellectual disabilities, the problems to be solved should not include criteria that will confuse the student,
and instructions that will cause complexity for the student but should include criteria and instructions that are
appropriate to their level.

o In the teaching of problem-solving strategies to students with mild intellectual disabilities, it will be useful to
prepare course plans appropriate to the direct instruction method and to benefit specifically from the follow-
up form.

e The teachers are advised to design and implement their course plans in a way to be able to check the students'
problem-solving results and improve their ability to cross-check.

It is suggested that problems that will spark the interest of the students, which include examples from
everyday life and which the students will be happy to solve, should be preferred in teaching problem-solving.
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Hafif Diizeyde Zihinsel Engelli Ogrencilere Matematiksel Problem Cozme Stratejileri
Ogretiminin Etkililigi

1. Giris

Insanlar, diinyada var oldugu giinden bugiine, yasamlarmni idame ettirebilmek icin, dogayla, hayvanlarla,
bitkilerle ve hemcinsleriyle siirekli bir miicadele i¢indedirler. Yasadiklar: bu miicadeleler onlar i¢in ¢oziilmesi
gereken bir problem olmustur. Insanin bulundugu her dénemde, her yerde problemler de insanlarla beraber
gelmistir. Insanlar, bu problemlerin ¢oziimii igin, formal veya informal bir sekilde muhakkak egitim
almaktadirlar. Evrensel olarak gocuklar hayata hazirlik amach okullarda egitime alinmaktadirlar. Ulkemizde
egitim hakki, anayasamizin “Madde 42 — Kimse, egitim ve dgrenim hakkindan yoksun birakilamaz” maddesi ile
giivence altina alinmistir. Diinyada ise insan haklar1 evrensel bildirgesi ile “Madde 26 1. Herkes egitim hakkina
sahiptir. Egitim, en azindan ilk ve temel egitim asamasinda parasizdir. Ilkégretim zorunludur. Teknik ve
mesleksel egitim herkese aciktir. Yiiksekogretim, yeteneklerine gire herkese tam bir esitlikle acik olmalidir”
maddesi ile biitiin ¢ocuklarimizin egitim ogretime katilmalar1 ve desteklenmeleri gerekmektedir. Ozel
gereksinimli bireylerin bagimsiz yasam becerilerini kazanmalar1 ve toplum igerisinde yer edinebilmeleri i¢in
uygun egitim ortamlarmin ve egitim programlarinin olusturulmasina ihtiyag vardir. Bu durum devletin
sorumlulugunda olan bir durumdur. Toplumun geri kalani, 6zel gereksinimli bireylerin hayatlarini olumlu tutum
ve davranislarla kolaylastirabilir. Ozel egitime ihtiya¢c duyan dgrencilere yonelik egitim Sgretim faaliyetleri,
Milli Egitim Bakanligi (MEB) nin ¢ikarmig oldugu yonetmelikler ve gretim programlarina uygun bir sekilde
yiiriitiilmektedir. Ozel egitime ihtiyag duyan &grenciler, zihinsel engelli, isitme engelli, gérme engelli ve
bedensel engelli seklinde farkli kurumlarda egitim gérmektedir. Zihinsel engelli 6grenciler, simiflandirmalarma
gore farkli kurumlarda egitim almaktadir. Bu engel gurubu igerisinde bulunan hafif diizeyde zihinsel engelli
ogrenciler ise 6zel egitim meslek okullarinda egitim gérmektedir. Bu 6grencilerin ders programinda akademik
beceri derslerinin igerisinde Tiirk¢e, Matematik, Sosyal hayat, Din kiiltiirii ve ahlak bilgisi ve Kisisel mesleki
gelisim gibi dersler yer almaktadir. Bu derslerin igerisinde matematik dersinin 6nemi biiyiiktiir. Ogrenciler
hayatin igerisinde gerekli dort islem becerilerine, problem ¢dzme becerilerine, akil yiiriitme, kesfetme,
hesaplama yapma gibi matematiksel becerilere normal gelisim gosteren akranlarina benzer sekilde ihtiyag
duymaktadir. Gelisen ve degisen diinyada problem ve problem ¢dzme insanlik var oldugu siirece var olmaya
devam edecektir. Bu nedenle zihinsel engelli &grencilerin de benzer problemlerle karsi karsiya kalmasi
kaginilmazdir. Zihin engelli ¢ocuklarin da toplum icerisinde bagimsiz olarak yagamlarini siirdiirebilmeleri i¢in
gereksinimlerine uygun egitim almalar1 gerekir. Hafif diizeyde zihinsel engelli dgrenciler 6grenme siireci
yoniinden degerlendirildiginde; 6§renme hizlar1 akranlarindan daha yavas olabilir ancak var olan performanslari
dogrultusunda iiretime katilabilirler. “Matematikte, problem ¢ézme siireci ise, silirecin basmndan sonuna kadar
planlanmasma ragmen, sonuca hemen ulasilamayan ve sonug¢ igin kontrollii denemelerle arastirma yapma
stirecidir” (Altun, 2008, s. 58).

Polya’ya (1962) gore problem ¢6zme; hemen ulasilamayan bir amaca ulagmak, zorluklardan kurtulmak,
engellerden kurtulmak icin bir yol bulmak demektir. Problem ¢6zme, zekanin 6zel bir basarisidir ve zeka
insanliga sunulmus 6zel bir armagandir. Problem ¢dzme, en karakteristik olarak, bir insan etkinligi olarak kabul
edilebilir. Problem ¢6zmenin amaci, problem ¢ézme aktivitesini anlamak, problem ¢6zmeyi 6gretmek igin arag
onermek ve sonunda okuyucunun problem ¢dzme yetenegini gelistirmektir (Polya, 1962).

Hafif diizeyde zihinsel engelli dgrenciler igin hazirlanan Matematik Dersi Ogretim Programinda; matematik
dersiyle Ogrencilere yasamlarinda karsilagacaklari problemleri ¢dzmeye yardimci olacak diisiinme yolu
kazandirmak amaclanmistir. Ogrencilerin karsilastiklar1 matematik problemlerini ¢ozebilmeleri i¢in say1
kavramlarmi, islemlerle ilgili kavramlar1 kazanmalarina ve sayilar arasindaki iligkiyi sezebilme becerilerine
gereksinimleri vardir (Milli Egitim BakanligifMEB], 2018). Bunlarin yani swa programim genel amaglari
icerisinde “Problem ¢ozme becerisi kazanwr.” ifadesi de yer almaktadir (MEB, 2018). Hafif diizeyde zihinsel
engelli 6grencilerin matematik problemlerini ¢dzebilmeleri i¢in bazi problem ¢dzme stratejilerini kullanmalar1
kaginilmazdir. Bu 6grencilerin matematik problemlerini ¢ézmeleri i¢in uygulanan yontemler incelendiginde en
¢ok dort islem temelli matematiksel islem stratejisinin kullanildig1 gézlenmistir.

Ogretim programimda problem ¢ézme becerisi ve problem ¢6zme siireglerine dnemle yer verilmesine karsin
alanyazinda zihinsel engelli 6grencilerin problem ¢6zme siirelerine odaklanan az sayida ¢aligma bulunmaktadir
(Barrett, 1995; Casner, 2016; Cihak, 2010; Davis, 2016; Harris ve Graham, 1992; Karabulut, 2015; Kot, 2014;
Nar, 2018; Rumiati, 2017; Tufan, 2016). Buradan hareketle ¢alismada 6zel egitim mesleki egitim merkezi
okullarinda egitim goren hafif diizeyde zihinsel engelli 6grencilere yonelik hazirlanan matematiksel problem
¢Oozme stratejileri dgretiminin, 6grencilerin problem ¢6zme becerilerine etkisine odaklanilmistir. Caligmada
Polya tarafindan ortaya konulan problem ¢dzme siirecine uygun olarak hazirlanmis ders planlar1 yoluyla problem
¢Ozme stratejilerinin 6gretimi yapilmustir.
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“Bir problem ¢dzme stratejisi, her asamada biitiin problemlere uygulanamayabilir. Baz1 6grenciler stratejinin
birini ¢ok iyi kullanabilir, baz1 6grenciler ise birgok stratejiyi iyi kullanabilir” (Baykul ve ark., 2010, s. 16). Bu
nedenle hafif diizeyde zihinsel engelli &grencilerin problem ¢6zme stratejilerini ne diizeyde &grenip
kullanabilecekleri biiyiik 6nem arz etmektedir. Bu ¢alismada 6zel egitim okullarinda egitim alan hafif diizeyde
zihinsel engelli 6grencilerin, matematik dersinde Polya’nin (2017) problem ¢6zme asamalar1 géz Oniinde
bulundurularak; problemi anlama, problemin ¢dziimii i¢in strateji liretme, bu stratejileri kullanma ve ¢dziimiin
kontrolii durumlarinin, dogrudan o6gretim modeli ile O6gretimi yapilarak, hafif diizeyde zihinsel engelli
Ogrencilerin problem ¢dzme stratejilerinin, problem ¢dzme basarilarina etkisini ortaya koymak amaclanmustir.
Ulusal ve uluslararasi alanyazinda yer alan zihinsel engelli bireylerde problem ¢dzmeye iliskin aragtirmalarda
genel olarak tek bir stratejiye (semaya dayali problem ¢6zme, kendini izleme stratejisi, anla ve ¢oz! stratejisi,
somut-yar1 somut-soyut Ogretim stratejisi, onluk kart, abakiis ve parmak sayma stratejisi, Touchmath)
odaklanildig: goriilmektedir (Can-Calik, 2008; Casner, 2016; Cihak, 2010; Karabulut, 2015; Kot, 2014; Nar,
2018; Rumiati, 2017; Tufan, 2016; Tuncer, 2009). Bu ¢alismada ise zihinsel engelli 6grencilerin grenebilecegi,
uygulayabilecegi ve seviyelerine uygun oldugu diisiiniilen ii¢ problem ¢6zme stratejine (tahmin ve kontrol; sekil,
sema ve diyagram ¢izme, geriye dogru ¢aligma) odaklanilmustir.

1.1. Kavramsal Cati

Zihin engelli bireyler; giinliik yagam siirecini 6grenme ve bu siireci yerine getirmede ciddi giigliikler yasayan,
zeka testlerinde alman puanin iki standart sapmanin altinda olan, zihinsel islevlerin yani sira, uyumsal
becerilerde de smirliliklart olan bireylerdir. Uyumsal becerilerdeki sinirliliklar zihinsel islevlerdeki sinirliliklarla
iligkilidir (Amerikan Zeka Geriligi Birligi [American Association on Mental Retardation-AAMR], 2002).
“Smirliliktan s6z edebilmek igin on beceri alanindan (iletisim, 6z bakim, ev yasami, sosyal beceriler, toplumsal
yararlilik, kendini yonetme, saglik ve giivenlik, islevsel akademik beceriler, bos zaman ve is) en az ikisinde
smirliligm bulunmast gerekmektedir. Bu beceri alanlart basarili bir yasam siirdiirmenin temelinde yer
almaktadiwr. Zihin engellilerin 6zel egitim gereksinimlerinin 6nemli bir bolimii bu becerilerle yakindan iliskilidir.
Her bir beceri alaninda yer alan beceriler takvim yasina gore farklilik gosterebilmektedir” (Eripek, 1998, s. 39-
40). Zihinsel engellilerin biiyiik bir boliimiinii akranlarindan hafif derecede gerilik gosteren gocuk ve gengler
olusturmaktadir. Amerika Psikiyatri Birligince yaymlanan DSM-V Tam Olgiitleri El Kitabi’nda zihinsel gerilik,
anliksal yetiyitimi olarak tanimlanmis ve dort gurupta smiflandirilmistir. Ancak bu siniflandirma 1Q puanlarina
gore degil, uyarlanabilir, uyumsak davraniglara dayanarak tanimlanmistir. Anliksal yetiyitiminin agirhk
diizeyleri agwr olmayan, orta derece, agir, ¢ok agir olarak smniflandirilmistir. Agirlik diizeylerinin tespitinde,
kavramsal etki alani, sosyal etki alan1 ve pratik etki alan1 bagliklar1 altinda yasamsal becerileri uygulayabilme
seviyeleri gz oniinde bulundurulur (American Psychiatric Association [APA], 2013).

Hafif diizeyde zihinsel yetersizligi olan birey; “Zihinsel isleveler ile kavramsal, sosyal ve pratik uyum
becerilerinde hafif diizeydeki yetersizligi nedeniyle ozel egitim ile genel egitim hizmetlerine sinirli diizeyde
ihtiya¢ duyan bireydir” (Metin ve Isitan, 2017, s. 161). “Bu guruba giren ¢ocuklar genellikle, normal egitim
veren okullarin biinyesinde 6zel alt smiflarda egitim gormektedirler. Bu 6grencilerin smif 6gretmenlerine
danmigmanlik hizmeti verilerek veya Ogrenciye destek hizmet verilerek normal siniflarda egitim almasi
saglanmaktadir. Hafif diizey zihinsel yetersizligi olan ¢ocuklar okula baslayana dek, hatta daha ileri siniflara
gelene kadar fark edilemeyebilirler. Ancak ileri siniflarda farkina varilir. Cinkii okulda ve ileri smniflarda
onlardan beklenilen gorevler giderek zorlagsmaktadir” (Eripek ve Vuran, 2016, s. 252). Bu durum 6grencilerin
geg fark edilmelerine ve 6zel egitim hizmetinden mahrum kalmalarina neden olmaktadir. Hafif diizey zihinsel
engelli cocuklarin ilkokul ve ortaokul 6zel alt siniflarina devam etmeleri yaygin bir durumdur. Fakat ortadgretim
donemine geldiklerinde, ¢cok fazla 6zel alt sinifi olan ortadgretim kurumu bulunmamaktadir. Bu yiizden bu
ogrencilerin lise donemlerini daha verimli gegirebilmeleri i¢in egitimlerine Milli Egitim Bakanlig1 biinyesinde
hafif diizeyde zihinsel engelliler i¢in 6zel egitim liselerinde devam etmektedirler.

Hafif diizeyde zihinsel engelli gocuklar i¢in hazirlanmis programlar mevcuttur. Bunun yani sira hafif
derecede engelli birgok cocuk genel egitim programlarindan da yararlanabilmektedir. Genel egitim
programlarinda destek hizmeti saglandigi takdirde, bu g¢ocuklarda &zel egitim programlarina gereksinim
duyulmamaktadir. “Bu ¢ocuklar igin, {i¢ gurup model vardwr. Bunlar, yasam merkezli model, siire¢ 6gretimi
modeli ve akademik modeldir. Yasam merkezli model; zihinsel engelli bireylerin yasam becerilerini gelistirmeyi
hedefleyen modeldir. Siire¢ 6gretimi modeli; zihinsel islevlerin diizeltilmeye ¢alisildigi modeldir. Akademik
model; hafif diizeyde engelli 6grencilerin en fazla karsi karsiya kaldiklar1 modeldir. Okuma ve matematik gibi
akademik becerilerin gelismesinin hedeflendigi modeldir” (Sucuoglu, 2016, s. 236). Milli Egitim Bakanligi’nin
hafif dizeyde zihinsel engelli 6grencilerin ortadgretim matematik 6gretim programinda genel olarak; 6grencilerin
yasamlarindaki problemleri ¢ozebilme becerisine erismeleri i¢in yeni fikirler iretebilme yetisi kazanmalar1
amaclanmalidir. Bu yetiye ulagmalar1 igin 6grencilerin egitim ortammin yagsamlari ile uyum igerisinde olmasi
onemlidir. Egitim ortam ve programlar1 hazirlanirken 6grencilerin yasam kosullarina ve seviyelerine uygun
olmas1 esastir. Zihinsel 6grenme yetersizligi olan 6grencilerde, soyut kavramlarm o&gretiminde zorluklar
yasanmaktadir. Bu nedenle bu 6grencilere matematigin temel kavramlarinin ve ilkelerinin 6gretiminde daha
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somut drneklerle calisiimali ve yakin gevrelerinden drnekler segilmelidir. Ogrencilerin performanslarina gére
somuttan soyuta ve yakindan uzaga dogru orneklerle Ogrencilerin soyut diisiinmelerine ulasacak imkanlar
sunulmalidir. Matematikte problem ¢6zme becerilerine ulasabilmeleri i¢in say1, islem, sayilar arasindaki iligkiyi
anlayabilme ve problem ¢6zme agamalarmin becerilerine erigmis olmalar1 gerekmektedir (MEB, 2018) ifadeleri
yer almaktadir.

“Problem, zihni karistiran ve inanci belirsiz hale getiren durumlar olarak ele alindiginda problemin ¢dziimii,
belirsiz durumlari ortadan kaldirmak olacaktir” (Baykul, 2014, s. 68). Problemi ¢6zmek; ylizmek, kayak yapmak
veya piyano ¢almak gibi pratik bir sanattir. Sadece taklit ve pratik yaparak dgrenebilirsiniz. Yiizmeyi 6grenmek
istiyorsaniz suya girmeniz gerekir ve bir problem ¢6ziicii olmak i¢in sorunlart ¢6zmeniz gerekir (Polya, 1962, s.
9). “Problem ¢6zme, problem durumu karsisinda ne yapilacagini bilmedir. Problem ¢6zme siireci, belirli bir
amaca ulagmak i¢in, atilacak adimlarin, yapilacak etkinliklerin agik bir sekilde belli oldugu, amaca ulagmak i¢in
kontrollii bir sekilde arastrmanin yapildigi siire¢ olarak agiklanmir” (Altun, 2008, s. 58). “Problem ¢6zme
yetenegi, bir problemle kars1 karsiya kalindiginda, onun igerigini kavrayip problemi anlama, ¢dziimii i¢in uygun
¢Oziim yolunu se¢gme, bu ¢Oziim yolunu kullanabilme ve ¢6ziim sonuglarini yorumlama yeteneklerini
gelistirmektir” (Baykul ve ark., 2010, s. 13).

“Biitiin problemlerin ¢dziim siirecinde kullanilan sabit bir yol ya da yontem bulunmamaktadir. Eger bdyle bir
yontem olsaydi sorun kokiinden halledilmis olurdu” (Altun, 2008, s. 60). Problem ¢6zme faaliyetlerinin
uygulanmasi sirasida tutarl bir bigimde goriilen bir diger dnemli husus, dgrencilerin problemin ¢oziimlerine ve
¢Oziimlerine ulagma siirecine dikkat etmeleridir. Bu, bir problem tizerinde ¢aligirken 6grenciler igin asil amacin
¢Oziimii bulmak oldugu fikrine meydan okumaktadwr. Siirece dikkat etmek Ogrencilere cesitli ¢oziim
yontemlerinin niteliklerini analiz etme, karsilagtirma, problemin uygulamalarimi ve uzantilarini arama firsati
verir. Bir problemin ¢6ziimii, yeni matematiksel diigiinceleri baslatmak icin baslangi¢ noktasidir. Bu nedenle,
ogrenciler farkli problemler iizerinde ¢alismaya ve orijinal problemin baglantilarini ve uzantilarini aramaya
tesvik edilir (Santos-Trigo, 1998, s. 639). Problem siirecini anlamak, nasil ¢ozildigini kesfetmek ve
nihayetinde sonuca ulasmak 6grencinin problem ¢dzmeyi 6grenmesi icin ¢ok onemlidir. Ogrenciye sadece
sonucu bulma odakh egitim verilirse, 6grenci problemin nasil ¢dziilecegini hi¢bir zaman merak etmeyecek ve
ezberlenmis ¢dziimlerden dteye bir dgretim gergeklesmeyecektir. Ogrencinin bilgiyi yapilandirmasi, problem
¢Oziimlerinde aldigi egitimleri baska problemlerin ¢dziimlerine yansitmasi i¢in dgrencinin problem ¢dzme
stirecini iyi bir sekilde Oziimsemesi ve benimsemesi gerekmektedir. O ylizden problem ¢ézme siirecinde
izleyecegimiz yol veya yollar bilimsel agidan da pedagojik acgidan da tutarli ve birbirini destekler nitelikte
olmalidir.

Polya’nin problem ¢dzme siireci bilimsel anlamda da egitim anlaminda da matematik diinyasinda kendisini
kanitlamis bir yontemdir. Problem ¢6ziiciiniin ilk olarak problemi anlamasi, problemde ne istendigini agikca
gormesi gerekir. Problemi anlamasi i¢in problemin verilenlerini ve istenenlerini analiz etmesi ve bu ikisi
arasindaki bag1 bulmasi gerekir. Ikinci asamada, gesitli kavramlarm birbirleriyle nasil bir baglant1 i¢inde
oldugunu, ¢6ziim hakkinda bir fikir olusturmak ve nihayetinde bir ¢dziim plani olusturmak icin bilinmeyenin
verilenlerle nasil baglanti igerisinde oldugunu gérmesi gerekir. Problemin verilerine ve istenenlerine gore bir
plan yapmalidir. Ugiincii olarak, plani uygulamasi ve dordiincii asama olarak, tamamlanan ¢dziime geri dénerek
¢ozlimii gbzden gegirip kontrol etmesi gerekir (Polya, 2017, s. 5).

Matematikte problem ¢ézme stratejisi, bir problemin ¢6ziimiinde izlenecek yolu belirlemek igin, hangi
adimlarin atilacagmi, problemin nasil ¢oziilecegini belirlemek adma segilen yontemdir. Problem ¢oziicii
problemi hangi stratejiyi kullanarak ¢dzmeyi diisiiniiyorsa, segtigi strateji kendisinin ydntemi olacaktir.
Polya’nin problem ¢6zme siirecinde, plan yapma asamasinda strateji secimi vardir. Bu stratejilerden bazilari; (1)
bilingli tahmin ve kontrol, (2) daha basit denk bir problem ¢6zme, (3) canlandirma ve benzetim, (4) geriye dogru
caligma, (5) Oriintii bulma, (6) mantiksal akil yiiriitme, (7) ¢izim yapma, (8) farkli bir bakis acist benimseme
(Posamentier ve Krulik, 1998) seklinde siralanabilir. Baykul ve arkadagslar1 (2010), bu stratejilerin yaninda (9)
model inceleme, (10) tablo yapma, (11) sistematik liste yapma, (12) matematik ctimlesi yazma, (13) deneme-
yanilma, (14) eleme, (15) bilinenleri elestirel bicimde inceleme stratejilerini de siralamaktadir.

Caligmada hafif diizeyde zihinsel engelli 6grencilere 6gretimi yapilan problem ¢6zme stratejilerinden tahmin
ve kontrol stratejisinde bir tahmin yapilir, bu tahmin mantikli bir tahminse ¢éziime ulastirir. Eger tahmin
basarisiz bir tahmin dahi olsa ¢6ziime yaklagsmada yardimci olacaktir. Ciinkii basarisiz tahminden sonra ¢dziime
ulagmak i¢in yeni bir fikir sunar, problemin daha iyi anlasilmasina yardimci olur ve ¢6ziime yaklastirir. Her bir
tahminin sonunda problemin ¢6ziimiine daha ¢ok yaklasilir ve sonuca ulasilir (Baykul, 2014, s. 72). Sekil, sema
ve diyagram ¢izme stratejisinde olusturulan sekil ve sema problemin anlasilmasini kolaylastirir, problemin bir
biitiin olarak goriilmesini sagladig1 gibi ¢6ziim i¢in bir yol bulmada yardime1 olur. Sekil, problemde verilenler ile
istenenler arasinda gorsel bir bag kurarak problemin ¢oziimiiniin gorsel dgelerle gerceklestirilmesidir. (Baykul,
2014, s. 73). Bazi problemlerde baslangi¢ kismu yerine problemin sonucu verilir ve boyle problemlerde baslangig
kismmin bulunmasi istenir. Bu tlir problemlerin ¢6ziimiinde gerive dogru ¢alisma stratejisine basvurarak

375



O. Goktas, E. Yazict

problemin sonucundan basina dogru gidilebilir. “Bu siirecte hem eylemleri hem de islemleri tersine ¢evirerek
adim admm ilk bilgilere ulagilmaya ve problemi bu yolla ¢6zmeye ¢aligilir” (Altun, 2008, s. 86).

2. Yontem

Aragtirmada, zihinsel yetersizligi olan dgrencilere problem ¢dzme becerisinin kazandirilmasmda problem
¢Ozme stratejileri ile yapilan 6gretimin etkililigini incelemek tizere nitel aragtirma modellerinden 6gretim deneyi
(teaching experiment) modeli kullanilmistir. Ogretim deneyi deseni arastrmacilarin, kendi etkinliklerini
diizenlemelerinde kullandiklar1 kavramsal bir ara¢ olarak tanimlanabilir. Piaget’nin klinik goriigme tekniginden
iiretilmis olmasina kargm, dgrencilerin matematiksel bilgilerinin ortaya c¢ikarilmasmin yani sira bu bilgilerin
etkilenme yollarmnm/araglarinin ve durumlarinin deneyimlenmesini de kapsadigindan klinik goriismeden daha
kapsamlidir (Steffe ve Thompson, 2000) Klinik goriisme, 6grencinin mevcut bilgilerini anlamaya yonelikken
ogretim deneyi ise, 6grencilerin uzun bir siire sonunda elde ettigi ilerlemeleri anlamaya ydneliktir. Ogretim
deneyi dort boliimden olusur, birincisi 6gretim agamast, iKinCisi arastirmact veya 6gretmen, liglincisii bir veya
birden fazla 6grenci, dordiinciisii ise ogretim siirecinin gozlemi ve bu siirecte yasanilan biitiin asamalarin video
kaydi altma alindig1 bir yontemdir (Steffe ve Thompson, 2000). Ogretim deneyi modelinin uygulama
asamasindaki ders planlarimin hazirlanmasi ve 6gretim siirecinde, 6zel egitimde kullanilan dogrudan 6gretim
yontemi tercih edilmistir.

Dogrudan 6gretim, Engelmann’in (1998) 1960'larda kendi cocuklarma 6gretim yaparken gelistirdigi ve
binlerce 6grenci iizerinde ¢alisarak, test edip diizenledigi bir yontemdir. Dogrudan 6gretim ii¢ dnemli durumu
kapsamaktadir. Bunlar dgretimin planlanmasi, 6gretimin sunumu siirecinde uygulanan teknikler ve ogretimin
diizenlenmesidir. Hemen hemen biitiin 6grencilerin matematigi 6grenebilecegi tutumu, dogrudan ogretimin
dogasindadir (Polloway, Serna, Patton ve Bailey, 2014, s. 211). “Dogrudan 6gretim yontemi; model olma,
rehberli uygulama ve bagimsiz uygulamalar olmak iizere ii¢ asamadan olusmaktadir. Ogretim uygulamalar1
Ogretmen tarafindan yonlendirilerek yapilir” (Baglama, 2018, s. 30).

Dogrudan 6gretimin ilk asamasi1 olan model olmada, gretmen aktif bir sekilde 6grenciye model olmaktadir.
Bu agamada 6gretmen, dogrudan konunun dgretimini iistlenirken, 6grenci gézlemleyen ve dinleyen konumdadir.
Ogretmenin rehber gorevi gordiigii ikinci asama, rehberli uygulama; 6grencinin aktif olarak siirece bizzat
katildig1 asamadir. Ogrenci artik yavas yavas ogretimin igerisinde yer alir ve ilerlemeye baslar. Bu siireg
dogrudan dgretim icinde 6nemli bir siiregtir. Ugiincii asama olan bagimsiz uygulamada, 6grenciden dgretimi
yapilan konunun ¢dziimleri igin kendi kararlarmi verip uygulamasi beklenir. Bu uygulamanin her seferinde
ustalikla olmas1 gerekir. Ogrencinin bu duruma gelebilmesi igin model olma basamagi ve rehberli uygulama
basamaginin, Ogretmen tarafindan cok titiz bir sekilde ipuclartyla, teknoloji destegiyle ve zengin egitim
materyalleri ile 6grenciye sunulmus olmasi 6nem arz etmektedir (Engelmann ve Carnine, 1991)

2.1. Katihhmcilar

Katilimcilarin belirlenmesinde amagli 6rnekleme yontemlerinden, 6lgiit 6rnekleme kullanilmigtir. Bu amagla
Milli Egitim Bakanligi’na bagli Ozel Egitim Mesleki Egitim Merkezi Okulu’nda 6grenim goren hafif diizeyde
zihinsel engele sahip 9 olast katilimciya, arastirmaci tarafindan gelistirilen okudugunu anlama testi,
matematiksel dort iglem testi ve problem ¢dzme testi uygulanmistir. S6z konusu araglar Tiirk¢e alan uzmaninin,
ozel egitim alan uzmaninin ve matematik alan uzmanmin goriigleri dogrultusunda gelistirilerek kullanilmistir.
Ogrencilerin bahsi gecen dlgme araglarina verdikleri cevaplar ve dgretmen gériisleri degerlendirilerek, problem
¢dzme stratejilerine iliskin dgretimin yapildig1 dgrenci grubu belirlenmistir. Ogrenci se¢iminde kullanilan dlgiit;
okudugunu anlama testinden en az %75 basar1 elde etme; eldeli toplama ve onluk bozmay1 gerektiren ¢ikarma
islemleri ile garpma ve bolme islemleri iceren dort islem testinden en az %50 basari elde etme ve problem ¢ozme
testinde yer alan en az bir islem igeren 5 problemden en az ikisini ¢dzebilme olarak belirlenmistir. Aragtirmanin
katilimer grubu, 2018-2019 dgretim yilinda Ege Bolgesinde bulunan bir il merkezinde bulunan hafif diizeyde
zihinsel engelli 6grencilere egitim veren bir 6zel egitim mesleki egitim merkezi okulunun, goniillii ve ¢alisma
sartlarma uygun, 9 6grencisi arasindan Olgiitleri karsilayan 3 dgrencisi segilerek olusturulmustur. Yas araligi 15-
18 yas olan 6zel egitimin lise grubu 6grencilerinden cinsiyet farki gdzetmeksizin kosullara uygun ti¢ 6grencinin
ikisi erkek biri kiz grencidir. Ogrencilerin 6lgiitleri karsilama durumu degerlendirildiginde; secilen ii¢
Ogrencinin, genel olarak problem ¢ozebildikleri, 6gretimi yapilmadigi halde fakli stratejiler kullanabildikleri,
okudugu problemleri anlamada diger 6grencilere gore daha ileride olduklar1 ve galismaya katilmak i¢in istekli
olduklar1 belirtilebilir. Katilme1 #i¢ 6grencinin hastane saglik kurulu raporlari ve rehberlik aragtirma
merkezinden alinan bilgilere gore; T dgrencisinin Stanford-Binet Zeka test puani 1Q 63, F-70 hafif diizeyde
mental retardasyon tanisi, yetersizlik durumuna gore tiim viicut fonksiyon kaybi %50’dir. M 6grencisinin
Stanford-Binet Zeka test puani 1Q 61, F-78 hafif diizeyde mental retardasyon tanisi, yetersizlik durumuna gore
tiim viicut fonksiyon kayb1 %50°dir. K 6grencisi WISC-R SIQ58-P1Q70-TIQ62 test puani, hafif diizeyde mental
retardasyon+epilepsi klinik tanisi, yetersizlik durumuna gore tiim viicut fonksiyon kaybi1 %53 diir
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2.2. Veri Toplama Araci / Araglan

Aragtirmanin verisini arastirmact tarafindan dogrudan &gretim modeline gore hazirlanmis olan ders
planlarinim bagimsiz uygulama asama 1 ve asama 2’deki problemlere dgrencilerin vermis olduklar1 cevaplar ile
bu asamadaki video kaydina yansiyan goriintiilerin transkripsiyonlar1 olusturmaktadir. Ogrenciler igin hazirlanip
verilen takip formalar, video transkripsiyonlari ile birlestirilerek bir biitiin halinde verilere kaynak olmustur. Her
bir problemin ¢oziimiinde 6grenci takip formunu kullanarak egitim almis ve uygulamasini yapmugstir. Takip
formunun kullanilmasi, 6grencinin siireci tam olarak 6ziimsemesi igin se¢ilmis bir durumdur.

2.3. Verilerin Analizi

Verilerin analizinde betimsel analiz kullanilmistir. “Betimsel analizle, 6gretim yapilan bireyleri tanitict
bulgular degerlendirilir, icerik analizi yoluyla veriler tanimlanmaya caligilir, birbirine benzedigi ve birbiri ile
iligkisi oldugu tespit edilen veriler belirli kavramlar, temalar ve kodlar ¢ergevesinde bir araya getirilerek
yorumlanir” (Karatas, 2017, s. 79). “Betimsel analiz dért asamadan olusur (Yildirim ve Simsek, 2008, s. 224):
(1) Betimsel analiz i¢in bir ¢erceve olusturma, (2) Tematik gergeveye gore verilerin islenmesi, (3) Bulgularin
tanimlanmas1 ve (4) Bulgularin yorumlanmasi”. Bu ¢alismada temalarin olusturulmasinda Polya’nin (2017)
problem ¢6zme asamalari; problemi anlama, plan yapma ve plani uygulama asamalari ana temalar olarak
belirlenmistir. Bu temalar altinda kodlamalar yapilarak bu kodlamalara uygun sekilde bulgular olusturulmustur.

Kodlama giivenirliginin saglanmasi amaciyla aragtirmacinin diginda bir 6zel egitim alan uzmani kodlayici
olarak belirlenmistir. Kodlamalar sadece bagimsiz uygulama asamalar1 (Asama 1 ve Asama 2) i¢in yapilmustir.
Kodlayicilar arastrma verisini birbirlerinden bagimsiz bigimde kodlamiglardir. Ortaya c¢ikan tiim kodlar
“benzesen kodlar” ve “ayrisan kodlar” seklinde siniflanmistir. Miles ve Huberman (1994) benzesen kodlari
“Goriis Birligi” ayrisan kodlar1 ise “Goriis Ayrilig1” olarak adlandirmakta ve kodlayici giivenirligi i¢in Uyusma
Yiizdesi = Goriis Birligi / (Goriis Birligi + Goriis Ayriligl) formiiliinii 6nermektedir. Arastirma kapsaminda
yukaridaki formiile gére hesaplanan Miles-Huberman Uyum Yiizdesi 0.80 olarak elde edilmistir. Bu da kodlama
giivenirligi yoniinden yeterli diizeyde seklinde alinmustir.

Ozel egitim alan uzmanmin goriisleri dogrultusunda ders planlarinin bagimsiz uygulama asama 2’ye kadar
tiim agamalarinda kontrol formu kullanilmigtir. Bu form ile hem 6grencilerin 6grenme siiregleri kontrol altinda
tutulmus hem de verinin analizi agsamasinda kodlarin belirlenmesi kolaylasmigtir. Kontrol formunun
kullanimmin kodlama giivenirligini artirdig1 ifade edilebilir. Verilerin olusturulmasinda temel veri toplama
yontemlerinden, katilimci gozlem, belge incelemesi ve arastrmanin 6gretim siirecinde 6grenci ile yapilan
goriismenin video kaydi alinarak transkripsiyonu kullanilmistir. Boylelikle katilimcilarin &gretimi nasil
algiladigl, kavramsallastirdifi ve degerlendirdigi ortaya cikarilmaya calisilmistr. Mevecut veri toplama
yontemleri yaninda destekleyici veri toplama yontemlerinden video kayit yontemi ile veriler gesitlendirilerek
aragtirmanin gecerliligi ve giivenirligi arttirilmaya ¢alisilmistir.

2.4, Siirec

Ogretimde ii¢ stratejinin (tahmin ve kontrol; sekil, sema ve diyagram cizme, geriye dogru ¢calisma) 6gretimi
yapilmasma karar verilmistir. Bu {i¢ stratejinin se¢iminde, stratejilerin ¢ok fazla akil yiiriitmeyi, denklem
yazmay1 ve karmagik iglemleri gerektirmemesi tercih nedeni olmustur. Stratejiler belirlendikten sonra, her bir
strateji icin dogrudan 6gretim modeline uygun (6grenciyi giidiilleme, model olma, rehberli uygulama ve bagimsiz
uygulama) ders planlar1 hazirlanmistir. Dogrudan 6gretim yontemine gore hazirlanan ders planlarinda yer alan
problemlerin 18 tanesi arastirmacilar tarafindan 6zgiin olarak hazirlanirken, 6 tanesinin olusturulmasinda
Posamentier ve Krulik (1998) de yer alan problemlerden esinlenilmistir. Biitiin problemler, matematik egitimi ve
6zel egitim alan uzmanlarinin gériislerine sunulmus, gerekli diizeltmeler yapilarak uygulanmustir. ik ders
planlar1 kapsamli bir sekilde birer adet olarak hazirlanip matematik egitimi ve 6zel egitim alaninda uzmanlarin
goriisiine sunulmustur. Matematik egitimi alan uzmaninin goriisleri dogrultusunda problemlerin igerigi ve
ogretimi diizeltilmistir. Ozel egitim alan uzmanimnin goriisleri dogrultusunda, 6grencilerin 6zel egitim dgrencisi
olmasi1 nedeniyle, 6gretim siirecinde model uygulama, rehberli uygulama ve bagimsiz uygulama basamaginda
kullanilmak tizere 6grencilere Takip Formu gelistirilmistir. Her bir problemin ¢dziimiinde 6grenci takip formunu
kullanarak egitim almig ve uygulamasmi yapmistir. Takip formunun 6gretim siirecine dahil edilmesiyle
dogrudan 6gretimin bagimsiz uygulama basamagi iki asamaya ¢ikarilarak Asama 1 ve Asama 2 seklinde iki
degerlendirme yapilmistir. Asama 1’de dgrencinin takip formunu kullanmasina izin verilirken, Asama 2’deki
degerlendirmede 6grenciye takip formu verilmeden bos bir A4 kagidi iizerinde tamamen bagimsiz uygulama
yapmasi istenmigstir. Her bir strateji ders planinda 4’er adet olmak {izere 8 problem Ogretimi ve ¢Ozlimii
yapilmistir. Toplamda ii¢ stratejiden 24 adet problem iizerinde ¢alismustir. Katilime1 gurupla 6gretim yapmadan
once katilime1 olmayan baska bir 6grenci ile her bir plan i¢in pilot uygulama yapilarak tekrar degerlendirmeler
yapilip asil katilime1 grup igin hazirliklar yapilmistir. Her bir stratejinin bir ders plam1 5*40 dakika seklinde
planlanmis ve dgretim 6grencilere bir sinif ortaminda birebir 6gretim seklinde yapilmistir. Her bir ders planinin
uygulamast bir buguk hafta siirmiistiir. Ogretim siirecinin tamami video kamera ile kayit altma alinmustir. Her bir
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basamaktan sonra 6grencinin kontrol formu ve A4 cevap kagidi kayit altina alinmistir. Sinifin igerisinde farkli
dgretimlerde kullanilan materyaller duvarlarda asili olarak bulunmaktadir. Ogrencilere 6gretim yapilirken gerekli
materyaller arastirmaci tarafindan sunulmustur. Ogretimler beyaz tahtada, problemler projeksiyon yardimi ile
yansitilarak sunulmustur. Ogrencilerin oturabilmesi igin masa ve siralar ile dgretmen masasi vardir. Ogretimler
esnasinda Ogrenci sinifta bulunan 6gretmen masasina ve koltuguna beyaz tahtanin karsisina gelecek sekilde
yerlestirilmistir. Kamera model uygulama basamaginda arastirmacinin dgretimi yaptigi sirada tahtayr gorecek
sekilde konumlandirilmistir. Rehberli uygulamada arastrmact bir sandalyeyi 6grenci masasinin yanina
yerlestirerek 6grenci ile yan yana oturmustur. Bu sirada kamera hem 6grenciyi hem de arastirmaci ve ¢aligma
kagidin1 gorecek sekilde konumlandirilmistir. Bagimsiz uygulama basamaginda ise arastirmact ayakta, kamera
ise 6grenci ve kagidini gorecek sekilde masanin yan tarafinda konumlandirilmistir.

3. Bulgular

Arastirmanin bulgulari {i¢ problem ¢6zme stratejisine iligkin ana basliklar halinde verilmistir. Bu stratejilerin
birincisi Tahmin ve kontrol stratejisi, ikincisi sekil, sema ve diyagram ¢izme stratejisi, tigiinciisii ise geriye dogru
caligma stratejisidir. Her bir Ogrencinin gosterdigi performanslar ana temalar ve kodlamalara gore
degerlendirilerek bulgular agiklanmistir. Ug ayri strateji kendi icinde degerlendirilmis olup dgrencilerin bulgular
stratejiler bagligi altinda sunulmustur.

Tahmin ve Kontrol stratejisine iliskin bulgular genel olarak degerlendirildiginde; 6grencilerin problemi
okuduktan sonra verilenler ve istencler basamaklarini olugturmaya calistiklart ve bu asamada T &grencisi
haricinde diger Ogrencilerin bu basamaklar1 dogru bir sekilde olusturdugu goézlenmistir. T Ogrencisinin
problemin ¢dziimii igin verilenlere bakmadan direkt problemle muhatap oldugu gozlenmistir. Ogrenci T’nin
verilenler basamagni, “problemde bize hangi kavramlarin bilgisi verilmistir” olarak anladigi gériilmektedir. Bu
kavramlarin degerlerini yazma geregi duymamaktadir. Istenenleri olustururken aslinda bulmasma gerek
olmayan, verilenlerde belirtilmis olan degerleri de bulmasi gerekiyormus gibi hepsiyle birlikte olarak istenenleri
olusturdugu gozlenmistir. Problemin ¢6zlimii i¢in tahmin ve kontrol stratejisini segtigini gosterir sekilde
“tahminlerim i¢in tablo ¢izecegim” ifadesini kullanmigtir. Tablosunu ve bagliklarini dogru sekilde olusturdugu
gozlenmistir fakat problemin ¢oziimiinii tablo iizerinde yapmak yerine ayr1 bir A4 kagidi iizerinde ¢6zmeye
basladig1 goriilmiistiir. Problemin ¢6ziimii i¢in tahmin ve kontrol stratejisini kullanmak yerine, daha 6nce
Ogretimi yapilmayan, tamamen kendi kendine yapabildigi, u¢ degerleri kullanarak ve akil yiirliterek ¢6ziime
ulasmaya c¢alistig1 goriilmiistiir. Ogrencinin &gretimi yapilan tahmin ve kontrol stratejine uygun adimlarla
¢ozlime bagladig1 ancak ¢Oziim siirecine gectiginde farkli bir stratejiyle problemi ¢ézmeyi tercih ettigi
gozlenmistir. Uc¢ degerleri kullanma ve akil yiirlitme stratejini uygulamada sorun yasamadan problemi
¢Ozebildigi, problemin sonucuna ulastigini diisiindiikten sonra, buldugu sonuglar:1 tablo iizerinde de tahmin
kismina yazarak, tahminini zihinden matematiksel islem yaparak ¢ozdiigii goriilmiistiir. Ogrencinin problemi
tahmin ve kontrol stratejisi ile de ¢ozdiigii gézlenmistir.

Ogrencilerin Polya’nin problem ¢dzme asamalarindan problemi anlama basamagmda genel olarak basarili
olduklar1 gozlenmistir. Ogrencilerin biitiin problemlerde tahmin ve kontrol stratejisini segerek, stratejinin
tahminleri igin tablo ¢izebildigi gozlenmistir. M 6grencisinin ilk uygulamalarda tablonun bashgmi olusturmada
problemler yasadigini ama diger dgrencilerin tablo basliklarmi genel olarak olusturabildigi gézlenmistir. Son
uygulamalarda M Ogrencisinin de tablonun bagliklarini olusturabildigi gozlenmistir. Bu durum &grencilerin
tahmin ve kontrol stratejisini kullanmada tablodan etkin bigimde yararlanabildiklerini gosterir. Ogretimi ve
degerlendirmesi yapilan problemlerde genel olarak stratejiye uygun tahminleri yapabildikleri gézlenmistir.
Tahminlerinin sonuglarini verilenlerle kiyaslayarak tahmin sonuglarini kontrol ettikleri gdzlenmistir. Problemin
icerisinde ilave kriter olan problemde, biitiin 6grencilerin kritere takili kaldiklari, stratejiyi uygulayamadiklari
gozlenmistir. Tahminleri arasindaki sistematik bagi gdremeyen ogrencilerin tahmin sayisinin arttigi ve
kafalarinin iyice karistigi, bu yiizden de stratejiyi dogasina uygun kullanamadiklar1 gézlenmistir. Dolayisiyla
aragtirmanin tahmin ve kontrol stratejisine iligkin bulgular1 gergevesinde, &grencilerin karmagik kriterler
barmdirmayan problemlerde s6z konusu stratejiyi ise kosabildikleri, degiskenler arasindaki iliskiyi belirleyen bir
kriterin bulunmasi durumunda ise zorlandiklar1 tespit edilmistir. Coziim siirecine iligkin dgrenci cevaplarindan
ornek goriintiiler Sekil 1°de sunulmustur.

378



Hafif Diizeyde Zihinsel Engelli Ogrencilere Matematiksel Problem Cozme Stratejileri Ogretiminin Etkililigi

l KENDINi GOZLEMLEME TABLOSU

[ 1. Tk ofarak problemi okuyorum. 5%

2. Problemde verilenleri buluyorum ve yaziyorum. |

VERILENLER: Oy e a're=, 1\ ey, wk Mcaden
[#\ e e eSO BN ‘*3&"{\ Sate (:‘(\w oin \
Secendt WremaX e e o\ w2 ‘D\L\u\br"‘ -\ag

N @\ o S0 N S
L \\r-\\},w‘\(\“*”‘\ SN

SN TR

3. Problemde istenenleri buluyorum ve yaziyorum. ‘

ISTENENLER: Qg N y(‘\“\u\e (\hc\ T
“Qn«\\es &q\\-\\—\ DA G C\e

b) M Ogrencisi tablo basliklar1 olusturma

a) T 6grencisi verilenler-istenenler

2. Q\Y Nk
\ A
R
(=Y p) N
\ A )—A )_x \\,\“ S5 L
V- B\JLJ\\,(\

c) T 6grencisi ug degerleri kullanma stratejisi
Sekil 1. Tahmin ve kontrol stratejisine iliskin 6grenci cevaplarindan 6rnek goriintiiler

Sekil, sema ve diyagram ¢izme stratejisine iliskin Ogretim sonrasinda bagimsiz uygulama bulgulari
degerlendirildiginde; biitiin O6grencilerin problemin verilenlerini ve istenenlerini olugturma noktasinda T
Ogrencisi haricinde genel olarak basarili olduklari goriilmistiir. T 6grencisinin de verilenleri olustururken
problemi ¢ok dikkatli okumamast sebebiyle genelde eksik bilgiler yazdigi goriilmiistiir. Problemin ¢éziimii igin
biitlin Ogrencilerin sekil, sema ve diyagram ¢izme stratejisini segebildigi ve uygulamaya gecebildigi
gozlenmistir. Uygulama asamasinda problemin verilenlerine uygun sekiller ¢izebildikleri goriilmiistiir.
Problemlerde birden fazla kriter ve yonerge olmast durumunda 6grencilerin farkli oranlarda bu kriterlere ve
yonergelere takili kaldig1 goriilmiistiir. Bu takilmalardan dolay: stratejiyi uygulayamadiklari ya da zorlandiklar1
gbzlenmistir. Arastirmacmin yonlendirmesi ile kriterleri gerceklestirebildikleri goriilmiistiir. Bir 6grencinin ¢ok
zorlandig1, hatta uygulamakta basarili olamadigi kriteri bir diger 6grencinin hi¢ zorluk ¢ekmeden basarili bir
sekilde uygulayabildigi goriilmistiir. Problemlerin ¢dziim sonucuna dgrencilerin genel olarak ritmik sayma ile
islem yaparak, zihinden matematiksel islem yaparak veya sekil {izerinden islem yapmadan direkt ulagabildikleri
gozlenmistir. Ogrencilerin bireysel farkliliklarmin stratejiyi uygulama noktasinda ciddi farkhliklara neden
oldugu goriilmiistiir. Ancak genel olarak 6grencilerin stratejinin dogasini anladig1 ve uygulamaya koyabildigi
tespit edilmistir. Cesitli nedenlerle stratejiyi uygulamakta zorlandiklar1 noktalarda arastirmacinin yonlendirmesi
ile basarili olduklar1 gézlenmistir. Cozliim siirecine iliskin 6grenci cevaplarindan 6rnek gorintiller Sekil 2°de
sunulmustur.
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Geriye dogru calisma stratejisine iliskin bulgular genel olarak degerlendirildiginde; 6grencilerin tiimiiniin
verilenleri ve istenenleri olusturmada basarili oldugu gézlenmistir. Problemin ¢dziimii i¢in biitiin dgrencilerin
Ogretimi yapilan stratejiyi secip uygulamaya calistiklar1 gdrilmiistiir. Problemlerin ¢oziimiinde geriye dogru
caligma stratejisinin yaninda daha Once O&grendikleri sekil, sema ve diyagram ¢izme stratejisini de
kullanabildikleri goriilmistiir. Problemde en son verilenden ilk verilene dogru geriye dogru hareket etmek ilk
baslarda Sgrenciler icin zor goriinse de, ilizerinde calisilan problem sayisi artikga geriye dogru gitmekte
zorlanmadiklart goriilmiistiir. Cozdiikleri problemin tiirii degisince geriye dogru gitmekte zorlandiklari, ¢okga
ornek olarak yaptiklar1 problem tiiriinde daha basarili olduklar1 gézlenmistir. Problemlerin bir kriter icermesi
durumunda Ogrencilerin  geriye dogru ¢alisma stratejisini  uygulamada zorlandiklar1 hatta bazen
uygulayamadiklar1 goriilmiistiir. Bu asamada hemen hemen tiim 6grenciler aragtirmacmin yonlendirmesine
ihtiyag duymus ve ancak yonlendirme ile stratejiyi uygulayabildikleri goézlenmistir. Kriteri anlamalar
durumunda ise stratejiyi uygulamakta zorlanmadiklari tespit edilmistir. Coziim siirecine iliskin 6grenci
cevaplarindan 6rnek goriintiiler Sekil 3’de sunulmustur.
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4. Tartisma ve Sonuc¢

Katilimer hafif diizeyde zihin engelli 6grencilerin egitim almadan dnce problem ¢dzme siirecinde stratejilere
siirl sekilde bagvurduklari 6n ¢alisma bulgularina yansimigken, strateji 6gretimi sonrasinda stratejileri daha ¢ok
ve etkin kullanmaya basladiklar1 c¢alismanm bulgularindan anlasilmaktadir. Ogrencilerin  6gretim
programlarinda yer alan kazanimlara yonelik yapilan dgretimin akademik basarilarma yaptigi katkiya benzer
sekilde, gorece gelistirilmesi daha zor olan problem ¢6zme stratejilerine yonelik yapilan 6gretimin de
becerilerini gelistirmede etkili oldugu arastirma bulgularma dayali olarak soylenebilir. Barrett (1995)
aragtirmasinda, zihinsel engelli ¢ocuklar ile normal gelisim gosteren cocuklar arasindaki problem ¢dzme
yeteneklerinde olasi farkliliklar: incelenmistir. Zihinsel engelli ¢ocuklarm ve karsilastirilabilir zihinsel yastaki
normal gelisim gdsteren ¢ocuklarin, ayni problem ¢6zme stratejilerini kullandiklar1 ve oyun benzeri gérevlerin
¢oziilmesiyle ilgili benzer ¢6ziim zaman oranlarina sahip olduklari tespit edilmistir. Barrett’in (1995) ¢alismasina
benzer sekilde; bizim ¢alismamizin bulgularma yansiyan hafif diizeyde zihinsel engelli grencilerin problem
¢ozme stirecine iligkin performanslarinin, normal gelisim gosteren ¢ocuklarm problem ¢dzme siireglerine iligkin
yiriitiilen literatiirdeki ¢aligma sonuglari ile (Aydogdu ve Yenilmez, 2012; Baykul ve ark., 2010; Turhan, 2011)
ortiistiigii sOylenebilir. Hafif diizeyde zihinsel engelli 6grencilerin problem ¢dzme siirecinde kullandiklar
islemler, islem hatalar1 ve stratejiyi kullanma sekilleri seviyelerine uygun karsilastirilabilir normal gelisim
gosteren ¢ocuklarm durumlariyla benzerlik géstermektedir.

Problem ¢6zme siirecinde dgrencilerin ¢éziim i¢cin matematiksel islemlerden, ritmik sayma iglemlerinden,
toplama, ¢ikarma, carpma ve bdlme gibi dort islem becerilerinden ve zihinden islem yapma becerilerden
faydalandiklar1 gozlenmistir. Daha ¢ok islemsel becerilere dayanan sdz konusu davranislari belli oranda
kullaniyor olmalarma ragmen hafif diizey zihinsel engelli 6grencilerin, mantik, denklem kurma, akil yiiriitme,
karmasik islemler gibi daha iist diizey becerileri yapmakta normal gelisim gdsteren akranlarina goére zorlandiklari
ve problem ¢ozmede ise kosamadiklari gozlenmistir. Bu durumun muhtemel nedeni, hafif diizeyde zihinsel
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engelli 6grencilere matematiksel islem becerilerinin dgretiminde yanligsiz 6gretime dayali olarak algoritmik bir
yaklasimla (iglem sirasina gore) ¢ok sayida Ornekle dgretim yapilmasidir. Bu Ogretimin temelinde yer alan
Ogrencilerin islem swralarini 6grenmelerinin, ezbere dayali 6grenmeye benzerlik gosterdigi diistiniilmektedir.
Cinkii ogrencilerden beklenen, dort islem gerektiren problemlerde islemleri algoritmik yaklagimla
uygulayabilmesidir. Ogrencilerin 6zel gereksinimlerinden dolayr iist diizey beceri gerektiren islemleri
yapabilmeleri iglem becerileri kadar beklenmemektedir. Zihinsel engelli 6grencilerde problem ¢dzme konusu
tizerine yapilan Temiz6z’iin (2013) arastirmasinda, katilimc1 dgrencilerin, matematiksel problem ¢oziimiinde
kavramsal bilgi agirlikli degil de islemsel bilgi agirlikli bir ¢dziim yolu takip ettikleri goriilmiistiir. Calismada
her ne kadar genel olarak hafif diizeyde zihin engelli 6grencilerin islemsel becerileri kullanma egiliminde olsalar
da, strateji 6gretimi sonunda dogrudan islemsel becerileri kullanmaktan uzaklasarak problem ¢dzme stratejilerini
kullanmaya ¢alistiklar1 géz ardi edilmemelidir. Arastirmacinin gerek uygulama siiresince informal gézlemleri ve
gerekse 6grencilerin problem ¢ozme kagitlarindan yola gikarak, katilimei {i¢ 6grencinin de matematikte problem
¢ozmenin dort islemden ibaret olmadigi, problem ¢dzerken farkli yollara bagvurulabilecegi hatta ayni problemin
¢ozlimiinde birden fazla stratejinin kullanilabilecegi konusunda fikirlerinin degistigi ifade edilebilir.

Arastirmanin 6gretim siirecinde, normal gelisim gosteren gocuklarin problem ¢ézme siirecinde kullanilan
Polya’nin problem ¢dzme agsamalari kullanilmistir. Arastirmanin bulgular1 Polya’nin problem ¢6zme asamalarina
gore degerlendirilirse; strateji Ogretimine baslanilan ilk derslerde, problemi anlama basamagmin kritik
davranislar1 olarak sayilan verilenleri belirleme, istenenleri belirleme ve problemi anlatma gibi davranislar:
(Polya, 2017) o6grencilerin tam olarak gosteremedikleri; bazi problemlerin ¢oziimiinde ilerleyemedikleri ve
problemi ¢dzmek igin sik sik problemi anlamaya déniik geri déniisler yaptiklari goriilmektedir. Ogrencilerin
problemi anlamada yasadiklar1 en temel giigliik okudugunu anlamadan kaynaklanmaktadir (Baykul, 2014). Bu
durum normal gelisim gdsteren ¢ocuklar i¢in de gecerli bir durumdur. Ogretimin baslarinda T dgrencisinin
problemin verilenlerini olusturmada basarili olamadigi fakat 6gretimin sonunda verilenleri dogru bir sekilde
olusturmaya basladig1 goriilmiistiir. Diger iki 68rencinin ise genel olarak 6gretimin basindan sonuna kadar tiim
problemlerde verilenleri ve istenenleri dogru bir sekilde olusturdugu gézlenmistir. T 6grencisinin, dgretimin
baglarinda verilenleri olusturmada basarili olamamasmin muhtemel nedeni, uygulama Oncesi yliriitiilen
matematik problemlerine yonelik &gretimlerde, ¢oziim siirecinde verilenlerin ve istenenlerin belirtilmesi
seklindeki problemi anlamaya doniik 6gretimin yapilmamasi, sadece problemi ¢ézmeye odakli dgretimlerin
yapilmasi olabilir. Cilinkii T 6grencisinin arastirma kapsaminda uygulanan dgretimin sonuna dogru, verilenleri
olusturmada basarili olmasi bu diisiinceyi destekler niteliktedir. Problemi anlatma davranigi yoniinden ise; tim
problemlerde 6grencilerin hepsi olmasa da, en az birinin, problemi kendi ciimleleriyle ifade edebildikleri veya
¢Ozlim siirecini anlatabildikleri goriilmistiir. Bu davranislar strateji 6gretimi siirecinin sonlarmda &grencilerin
problemi anlama basamagini genel olarak basari ile tamamladiklarinin géstergesi kabul edilebilir. Problemin
anlama basamagini tamamlamalar1 durumunda problemin ¢6ziimii i¢in plan yaptiklar: ve planlarini uygulamaya
koyabildikleri sdylenebilir. Ogretimden énce 6grencilerin problem ¢dzme yaklasimlarinin genel olarak problemi
okuduktan sonra nedenini bilmeden dort isleme bagvurmak seklinde oldugu goriilmiistiir. Ancak Ogretim
siirecinde ve 0gretim sonu bagimsiz degerlendirmelerde, 6grencilerin problemin ¢oziimii i¢in dogrudan dort
islem yapmay1 diisinmek yerine 6gretimi yapilan stratejilere odaklanarak planlar yaptiklari gézlenmistir. Bu
durum {i¢ 6grencinin problem ¢dzmede Polya’nin plan yapma agamasina uygun davranabildikleri diigiincesine
ulagtrmustir. Ogrencilerin, tahmin ve kontrol stratejisinin uygulanmasinda yaptiklari herhangi bir tahminin
dogrulugunu verilenlerle kiyaslama yaparak kontrol ettikleri goriilmektedir. Ancak Polya’nin problem ¢dzme
stirecinin son agsamasi olan kontrol etme ve saglama yapma asamasina her ii¢ 6grencinin de hi¢ bagvurmadiklari
tespit edilmistir. Ogrencilerin problem ¢dzme kayitlariin higbirinde, yaptig1 islemin dogrulugunu kontrol etme
veya saglama yapma davranigia iligkin herhangi bir gosterge tespit edilememistir. Bu bulgu normal gelisim
gosteren akranlar1 tizerinde problem ¢6zme siirecine iligkin yapilan calismalarin bulgulariyla benzerlik
gostermektedir (Baykul ve ark., 2010).

Arastirmanin problem ¢6zme stratejilerine iliskin bulgular1 her bir strateji i¢in ayr1 ayri tartisilmistir. Tahmin
ve kontrol stratejisi, aragtirma kapsaminda dgretimi yapilan ilk stratejidir. Dolayisiyla 6grencilerin 6gretimin ilk
safhalarinda acemilik yasadiklar1 diisiiniilmektedir. ilk ders planinin uygulanmasinda zorlandiklar1 ancak sonra
Ogretim siirecine adapte olabildikleri goriilmiistiir. Tahmin ve kontrol stratejisinin kullanilmasmin beklendigi
problemlerin yer aldig biitiin bagimsiz degerlendirme basamaklarinda, katilimec1 6grencilerin tiimiiniin stratejinin
dogasini, isleyigini ve kullanma seklini 6grendikleri diisiiniilmektedir. Genel olarak 6grencilerin, problemin
¢ozlimiinde tahmin ve kontrol stratejini secebildikleri ve stratejiyi uygulamak iizere bir tablo olusturabildikleri
goriilmiistiir. Tahminleri i¢in olusturduklar1 tablonun basliklarini olusturmada M &grencisinin ilk uygulamalarda
sorun yasadigi, Dbasliklar1 tamamlamada arastirmact yOnlendirmesine ihtiya¢ duydugu gozlenmistir.
Yonlendirmelerin kiigiik ipuglart seklinde ve 6grencileri fark etmeye sevk edecek tarzda oldugu belirtilebilir.
Diger iki 6grencinin bulgularindan, tablonun basliklarint dogru bir sekilde olusturabildikleri gdriilmektedir.
Ogrencilerin ilk tahminlerini genel olarak rastgele yaptiklari, sonraki tahminlerde ise problemin verilenlerini iyi
anlamiglarsa sistematik tahmine gectikleri sdylenebilir. Eger problemdeki mantig1 ¢ézememislerse rastgele
tahminlerine devam ettikleri, bundan dolay1 tahmin sayilarmin arttig1 diisiiniilmektedir. Ogrencilerin dzellikle
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problemi anlayamadiklarinda tahminlerini yapabilmek igin arastirmaci ydnlendirmesine ihtiya¢c duyduklari
goriilmiistiir. Bu sebeple hafif diizeyde zihinsel engelli dgrencilerde problemi anlama basamaginin normal
gelisim gosteren dgrencilerde oldugu gibi problem ¢ézme siirecinde ¢ok kritik bir adim oldugu ifade edilebilir.
Bazi problemleri okurken, problemde verilen bilgileri ¢ok dikkatli okumadiklari, dolayisiyla gézden kagirdiklar:
bilgiler oldugu diisiiniilmektedir. Ogrenci T ve Ogrenci K’nin problemleri anlamakta yasadiklar1 zorluk
nedeniyle tahmin asamasina gecemedikleri, yaptiklar1 tahminlerin dogrulugunu kontrol etme agsamasinda iglem
hatas1 yapmalar1 sebebiyle tahmin sayilarmm ¢ok arttigi goriilmektedir. Bu durumun 6grencilerde daha fazla
kafa karisikligia ve sonuca ulagmada ciddi sorun yasamalarina neden oldugu sdylenebilir. Boyle durumlarda
aragtirmact yonlendirmesi olmadan problemi ¢6zemedikleri tespit edilmistir.

3

Ogrenci T’nin bir problemin ¢dziimiinde, dgretimi yapilan stratejinin yaninda 6gretimi yapilmayan “ug
degerleri kullanma ve akil yiiriitme” stratejisine bagvurmasi ¢ok dikkat cekicidir. Bu durum o6grencinin
kendisinden beklenmedik bigimde, problemde kendi problem ¢6zme stratejisini se¢ip uygulamaktan
cekinmedigini gostermektedir. Ogrenci problemi kendi tercih ettigi stratejiyle ¢ozmils ve dogru sonuca
ulagmustir. Bu durum 6grencinin bir problemin sadece bir stratejiyle ¢oziilmesi gerektigi algismi tagimadigini,
hatta ¢bziimde birden fazla stratejinin kullamlabilecegi diisiincesinde oldugu gosterir. {lkdgretim birinci siif
ogrencilerinin problem ¢6zme stratejilerini kullanabilme diizeylerini inceledigi arastirmasinda Celebioglu
(2009), birinci smif dgrencilerinin 6gretimi yapilmadigi halde strateji kullanabildiklerini rapor etmistir. Bu
bulgu, T 6grencisinin 6gretimini almadig1 halde “u¢ degerleri kullanma stratejini” kullanabilmesi ile benzerdir.

Tahmin ve kontrol stratejisinin son bagimsiz uygulama sorusunda Ogrencilerin tiimii benzer siireci
yasamiglardir. Problem igerisinde yer alan ikinci bir kriterin, 6grencilerin stratejiyi uygulamalarmda 6nemli bir
engel olusturdugu goriilmiistiir. Bu kriterin hem igerigi hem de fazladan yonerge olusturmasi, dgrencilerin
stratejiyi uygulamada basarisiz olmalarina neden olmustur. Ogrencilerin, problem icerisinde “kati, fazlasi, eksigi,
yarist gibi kriterlerle kargilagmalar1 ve problemde birden fazla yonergenin bulunmasr” dgrencilerin daha once
¢ok karsilagsmadiklar1 bir durum olarak degerlendirilmis ve bu tiir problemlerin ¢ézliimiinde ne yapacaklarini
bilemedikleri gorilmiistiir. Sonu¢ olarak s6z konusu kriterin iistesinden Ogrencilerin kendi baglarina
gelemedikleri, bu durumda stratejiyi kullanamadiklari, ancak arastrmaci ydnlendirmesi ile problemi
¢ozebildikleri goriilmistiir.

Sekil, Sema ve Diyagram Cizme Stratejisi, ii¢ Ogrencinin de en basarili oldugu strateji olarak
degerlendirilebilir. Cilinkii 6grenciler sekil, sema ve diyagram ¢izme stratejisini se¢mede ve probleme uygun
sekiller ¢cizmede basarili olmuslardir. Ogrenci M’nin sekillerinin 6zellikle problemin baglamina uygun sekiller
olmas1 dikkat ¢ekmektedir. Ayn1 sekilde K 6grencisinin sekilleri arasinda problemin baglamina uygun sekiller
gormek miimkiindiir. T 6grencisinin ise problemin sekillerini ¢izerken problemin baglamma uygun sekiller
¢izmek i¢in ugragsmak yerine problemin verilenlerine uygun sembolik sekilleri tercih ettigi sdylenebilir. Bunun
yani sira li¢ 6grencinin de ¢izdikleri sekillerin problemin verilenlerini ve istenenlerini yansittigi goriilmektedir.
Problem ¢oziimlerinde sekilleri ¢izebilmis olmasina ragmen problemlerde yer alan ilave kriterlerin 6grencileri
yine zorladigi ve problemi ¢dzme noktasinda yonlendirme olmadan ilerleyemedikleri gorilmistiir. K
Ogrencisinin 2., 3. ve 4. problemlerde kritere takildigi, bu kriterleri asmakta zorlandigi ve arastirmaci
yonlendirmesi olmadan ¢dzemedigi goriilmiistiir. Ogrencinin ii¢ soruda da aynmi sorunu yasamis olmasi,
dgrencinin bireysel farkliliklarindan kaynaklanan bir durum olabilecegini akla getirmektedir. Ug dgrencinin de
yine problemlerdeki ilave kriterlerde zorlandiklarini sylemek miimkiindiir.

Geriye dogru ¢aligma stratejisi bulgularma gore; 6grencilerin ii¢iiniin de stratejiyi segip, stratejiyi uygulama
asamasina baglayabildikleri tespit edilmistir. K 6grencisinin biitiin problemlerde geriye dogru ¢alisma stratejisini
uygulamakta zorlandig1 goriilmiistiir. Gitmesi gereken yerleri karistirdigi, geriye gitmesi gereken saatleri
karigtirdigt ve son problemde yine kritere takilarak arastrmacinin ydnlendirmesi ile ilerleyebildigi
goriilmektedir. K 6grencisi geriye dogru ¢alisma stratejisinde, verilenlerden yola ¢ikarak geriye dogru bir yol
izlemesi gerektigini ifade edebilmekte ancak uygulayamamaktadir. Buradan hareketle, K 6grencisinin geriye
dogru calisma stratejisinin dogasini anladigi ama bunu uygulamada basarili olmadigi distinilmektedir. K
ogrencisinin diger iki stratejiyi kullanabilmede daha basarilt oldugu arastirma bulgularindan anlagilmaktadir. T
Ogrencisinin geriye dogru caligma stratejilerine iligkin problemlerden sadece son problemdeki kriterde takili
kaldig1 goriilmiigtiir. Bunun nedeni olarak problemde yer alan kriteri anlamakta ve uygulamakta zorlandig1
diistiniilmektedir. Diger problemlerde T 6grencisinin geriye dogru ¢alisma stratejisini uygulayabildigi
sOylenebilir. M O6grencisinin de son problemdeki kritere takili kaldifi, problemdeki kriteri anlamakta ve
uygulamada zorlandig1 goriilmiistiir. Her ii¢ 6grenci de son sorunun kriterini ancak arastirmaci yonlendirmesi ile
anlayabilmistir. Onemli bulgulardan biri M ve T dgrencilerinin saat problemlerinde problemi geriye dogru
¢ozerken islem yaparak saatleri hesaplaylp yazmalarmin yani sira bir onceki 6grendikleri sekil, sema ve
diyagram c¢izme stratejisini kullanarak saat modelleri ¢izip problemi bu modeller iizerinde ¢6zmeleridir. Bu
durum, 6grencilerin daha 6nceki 6grendikleri stratejiyi genelleyerek bagka problemlerde de kullanabildiklerini
ve iki stratejiyi birlikte kullanabildiklerini gostermektedir. Yani Ogrenciler 6grendikleri stratejiyi mevcut
problemlerle siirlandirmayip, farkli problemlerde de kullanabilmektedirler.
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Ug stratejiye iliskin bulgular birlikte degerlendirildiginde; {i¢ 6grencinin problemi anlama basamaginda
verilenleri, istenenleri yazabildikleri ve gerektiginde kendi ciimleleriyle problemi anlatabildikleri goriilmiistiir.
Problemin ¢6ziimii i¢in uygun stratejiyi belirleyip o yonde adimlar atabildikleri gdzlenmistir. Problemin ¢éziimii
icin yapilmasi gereken islemleri yapmaya calistiklary, ¢6ziim siirecinde yaptiklarini anlatabildikleri tespit
edilmigtir. Problemi tam olarak anladiklarinda dogru sonucu bulabildikleri, eger problemi anlamadilarsa
yonlendirme yapilmasi gerektigi diisiiniilmektedir. Problemlerin igerisinde ilave kriter ve fazladan yonerge
olmast durumunda, Ogrencilerin problemi ¢6zmede zorlandigi ve hatta kendi baglarma bu problemleri
¢ozemedikleri goriilmektedir. Boyle durumlarda yonlendirmelerin olmasi gerektigi diisiiniilmektedir. O yiizden
bu 6grencilere yoneltilecek problemlerin igerisinde ¢ok fazla kriterin olmamasi ve az sayida yonerge igermesi
gerektigi diisiiniilmektedir. Problem ¢6zme stratejilerine yonelik 6gretimin bu ii¢ 6grencinin problem ¢ézme
basarilarinda etkili oldugu diisiiniilmektedir. Nar’in (2018) temel toplama isleminin &gretiminde somut-yar1
somut-soyut 6gretim stratejisinin etkili oldugunu gostermesi; Rumiati’nin (2017) onluk kartlarm ve abakiislerin
kullanilmasinin, hafif zihinsel engelli ergenlerin toplama ve ¢ikarma problemlerini ¢dzme stratejilerini
gelistirmek icin faydali olabilecegini gdstermesi; Casner’mn (2016) arastirmaya katilan 6grencilerin ¢ogunun
sema temelli 6gretim sonucunda &grendiklerini ve matematiksel problem ¢ozme becerileri gelistirdiklerini
gostermesi; Kot’un (2014) arastirmasinda, dogrudan ogretim yontemiyle sunulan semaya dayali &gretim
stratejisinin zihinsel yetersizlikten etkilenmis ¢cocuklarin matematiksel problem ¢6zme performanslarinda etkili
oldugunu belirtmesi; Altun ve Arslan’in (2006) ilkogretim &grencilerinin problem ¢dzme stratejilerini 6gretme
amaci ile hazirlanan ortamin bazi stratejilerin 6gretiminde etkili oldugunu belirtmesi bizim arastirma
sonuglarimizla benzerlik gostermektedir.

5. Oneriler

e Arastirma kapsaminda elde edilen bulgu ve sonuglar, hafif diizeyde zihinsel engelli dgrencilere problem
¢ozme stratejilerine yonelik 6gretimlerin yapilmasinin, dgrencilerin normal gelisim gosteren akranlari ile
aralarmdaki farklar1 azalttigini; problemlerde dogrudan islemsel becerilere odaklanmak yerine farkli
stratejileri kullanmaya ve problem ¢dzme siirecinin adimlarm uygun davraniglara yonelttigini isaret
etmektedir. Buradan hareketle, hafif diizeyde zihin engelli dgrencilerle caligan matematik ve 6zel egitim
Ogretmenlerinin matematiksel problem ¢ozme stratejilerinin dgretimini sabirla yapmaya caligmalari, bu
siirecte Polya’nin problem ¢ozme siirecine benzer sekilde sistematik yaklasimlarin kullanilmasi
onerilmektedir.

o Hafif diizeyde =zihinsel engelli Ogrencilerde problemi anlama basamaginin normal gelisim gosteren
Ogrencilerde oldugu gibi problem ¢6zme siirecinde ¢ok kritik bir adim oldugu goriilmistiir. Bu adimda
Ogrenciler ile problemi anlama basamagmin gostergesi kritik davraniglara odaklanan, yalnizca problemi
anlamaya doniik ¢calismalarin yapilmas: dnerilmektedir.

o Hafif diizeyde zihinsel engelli 6grencilerin problem ¢dziimiinde kendi stratejilerini gelistirebildikleri, tercih
ettikleri herhangi bir ya da birkag stratejiyi birlikte kullanabildikleri, 6grendikleri bir stratejiyi bagka bir
problemin c¢dziimiinde kullanabildikleri géz Oniinde bulundurulursa; 6gretmenlerin dgrencilerin kendi
stratejilerini segmelerine imkan saglamalari, farkli stratejilerin Ggretimine yonelik tedbirlerin alinmasi
onerilmektedir.

e Hafif diizeyde zihinsel engelli 6grencilerde, problem ¢dzme becerisi lizerine hazirlanan 6gretim siirecinde,
¢ozliimil yapilacak olan problemlerin, 6grencinin aklini karigtiracak kriterler ve 6grencide karmasikliga neden
olacak yonergeler icermemesine, Ogrencinin seviyesine uygun kriter ve yonergeler igermesine dikkat
edilmesi Onerilmektedir.

e Hafif diizeyde zihinsel engelli 6grencilere problem ¢dzme stratejilerinin dgretiminde dogrudan &gretim
yontemine uygun ders planlarmin hazirlanarak 6gretimin yapilmasi ve 6zellikle bu siiregte takip formundan
yararlanilmasi onerilmektedir.

o Ogretmenlerin, matematik dersinde &grencilerin problem ¢dziim sonuglarini kontrol edip, saglama yapma
becerilerini gelistirmeleri i¢in ders planlarin1 bu becerileri gelistirecek sekilde diizenleyip uygulamalari
onerilmektedir.

Problem ¢6zme ogretiminde, Ogrencilerin ilgilerini ¢ekecek, giinlik yasantidan oOrnekler iceren ve
ogrencilerin ¢dzmekten mutlu olacaklar1 problemlerin tercih edilmesi onerilmektedir.
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