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ABSTRACT

THE EFFECTS OF PROBLEM REPRESENTATION ON PROBLEM
| SOLVING PERFORMANCE

Problem representation is considered to be an important tool in understanding and
improving problem solving performance. A major implication emerging from studies on
problem solving performance is the higher performance levels observed among students
who can successfully represent a given problem. The present study examines performance
differences among students as they try to represent a given set of problems that require the
use of external representations for successful solution. The study also questions how
differences in problem representation (level) may contribute to students' understanding and
subsequent problem solving performance following instruction on a topic that invests on
the use of external representations (Venn diagrams). The sample of the study consisted of
40 students who were randomly selected from a total of 164 sixth grade students in a
private secondary school. The performance on set problems was determined using two
groups of tests: 1) Tests on word problems (WPT1 andvWPTZ) and 2) Retention test on
word problems (R-WP). Problem representation was assessed in terms of a semi-structured
interview which included two “set problems” one of which was a familiar and typical set
problem that could be solved using Venn diagrams, while the second was an unfamiliar
problem which could be solved using various representations (including Venn diagrams).
Interview data were used to categorize students into poor-average-good representation
levels. Performance gains of students in different representational categories were analyzed
by examining the pretest, posttest and retention test scores prior to and following an
instructional period on “set problems”. The results indicated that retention test scores were
significantly higher among “good” and “average” representers as compared to “poor”
representers. No performance differences were observed between “good”, “average” and
“poor” representers for pretest and posttest scores. The results imply that differences in the
representation levels of the students can affect problem solving performance and this effect

is particularly unfavorable for poor representers in the long run.



OZET

PROBLEM TEMSILININ PROBLEM COZME PERFORMANSINA
ETKiSi

Problem temsili, problem ¢ozimiinii anlamak ve erigi diizeyini artirmak i¢in énemli
bir arag¢ olarak dustiniimektedir. Problemv ¢cozme performansina yonelik ¢alismalar, verilen
bir problemi basariyla temsil eden dgrencilerin performanslarinin daha yiiksek oldugunu
ortaya koymaktadir. Bu calisma, basarili bir ¢oziim i¢in digsal temsillerin kullamimin
_gerektiren problemlerin ¢oziimi sirasinda gozlenen dgrenci farkhiliklarini incelemektedir.
Calismada, ayrica, digsal temsillerin (Venn gemasi) agirlikli olarak kullamldigi bir
konunun o6gretimi sonrasinda, problem temsil etme seviyelerindeki farkliliklarin,
ogrencilerin problemleri anlama ve ¢ozme duzeyleri tizerindeki etkisi de sorgulénmaktadlr.
Calismanin 6rneklemini, bir 6zel okuldaki toplam 164 altinci simf dgrencisinin iginden
rasgele segilen 40 kisi olusmaktadir. Kiime problemlerindeki performans iki grup test ile
belirlenmistir: 1) Sozlii problem testleri (WPT1 ve WPT2) ve 2) Sozli problem izleme
testi (R-WP). Problem temsili, yari-yapilandirilmig bir milakatta sorulan iki tane kiime
problemi ile olgiilmiigtiir. Problemlerden bir ténesi tanidik ve Venn semas: kullanilarak
¢ozillebilen tipik bir kiime problemi iken ikincisi tamdik ve tipik olmayan ama Venn
semas: da dahil, cesitli temsillerin kullanilarak ¢oéziilebilecegi bir problemdir. Miilakat
| verileri, 6grencileri zayif-orta-iyi temsil etme seviyelerine gore ayirmak igin kullanitmagtir.
Farkli temsil seviyelerindeki ogrencilerin performans kazammlari, kiime problemlerinin
- dgretimi O6ncesinde ve sonrasinda yapilan 6n test, son test ve izleme testinden aldiklar
sonuglar incelenerek analiz edilmistir. On test ve son test sonuglarina gore “iyi”, “orta” ve
“zayif” temsil diizeyindeki dgrenciler arasinda performans farki ortaya ¢itkmamustir. Ancak
izleme testinin sonuglari, “iyi” ve “orta” diizeydeki temsilcilerin puanlarinin “zayif”
diizeydeki temsilcilerin puanlar ile kar§11a§t1r11d1g1ndab anlamhi bir sekilde daha yuksek
oldugunu ortaya koymaktadir. Sbnuqlar, dgrencilerin temsil dizeylerindeki farklarin
problem ¢ozme basarilar1 Uzerinde etkili olabilecegini ve bu etkinin o6zellikle uzun

donemde temsil diizeyi diigitk 6grencilerin aleyhine olacagini diisiindiirmektedir.
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1. INTRODUCTION

Problem solving ability is not only needed for solving scientific problems but also for
helping us to solve psychological or social problems considered to be an important
thinking ability that we encounter many times in daily life. Therefore it is one of the
important human characteristics that should be improved from the beginning of early
childhood. School mathematics and science courses teach about fundamentals of problem
solving and provide opportunities to make exercises on those principles. Since problem
solving requires higher order thinking skills it seems difficult to comprehend those
principles and apply on the questions for secondary school students. Most of the time
students complain about difficulty of mathematics since they fail in solving problems.
However, there are attempts to make problem solving easier and understandable for

students.

Mathematical problem solving performance relates to domain specific and strategic
knowledge. However recent studies also point out the role problem planning plays in
determining problem solving expertise. According to literature problem planning precedes
~or includes problem representation. Problem representation is one of the issues that
considered to be one of the keys to make problem solving process more structured and
comprehensible for students. It seems to be accepted that success or failure in problem-
solving depends on the representations constructed during the understanding of the

problem (Moreau and Viennot, 2003).

Problem representation takes place during the planning phase of the problem solving
process. Planning is considered to be an important step in problem solving, because it
makes the problem more structured and easier to follow the solution strategy so as to

enhance understanding.

The present study is an attempt to understand the role of problem representation on
problem solving performance. The study concentrates on the use of external

representations and planning when students are solving set problems. One most common



representation used when solving set problems is drawing Venn diagrams. Therefore this
study mainly examines the role of drawing Venn diagrams on students’ resulting

performance when solving set problems.
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2. LITERATURE REVIEW

Research on problem solving in general and mathematical problem solving in
particular emphasizes difficulties experienced during the problem solving process as well
as how we move from being a novice to being an expert in a particular knowledge domain.
These research results are very important in understanding factors explaining problem
solving performance. One major implication derived from studies that examine factors
underlying successful performance when solving problems in a particular domain seems to
be competence in planning and representing the problem. Therefore problem
representation emerges as a particularly important research area. The following two
sections outline major research studies that examine problem representation and how it

might affect the resulting performance.

2.1. Problem Solving Performance and Problem Representation

Problem representation is considered to be an important tool in understanding and
improving problem solving performance, therefore, several studies were held to

conceptualize and define problem representation.

In general, representation in mathematics refers to a process of construction,
abstraction and demonstration of mathematical knowledge (Liutel, 2002). Representations
may be thought as internal abstractions of mathematical ideas or cognitive schemata that
are developed by a learner through experience and external demonstrations of
mathematical concepts that stimulate senses and help the learner understand these concepts
(Pape and Tchoshanov, 2001).

Due to its importance in problem solving process and effects on problem solving
performance, problem repfesentation should be taught about or conveyed throughout the
lessons. Instructions can foster problem representation by supporting and encouraging
different types of representations. Theoretical evidence shows two types of representations;

external renresentation and internal representation.



According to Zhang (1997), internal representations are the knowledge and structures
in the memory stored as propositions, productions, schemas, neural networks, or other
forms. On the other hand, external representations refer to physical symbols, objects, or
dimensions and external rules, constraints, or relations embedded in physical
configurations. In addition, Zhang (1997) believes that the form of the external
representation of problems determines 1) what information can be perceived, 2) what
processes can be activated, and 3) what structures can be discovered from the

representation.

According to Pape and Tchoshanov, (2001) internal representations include students’
personal symbolization, constructs and assignments of meaning to mathematical notations,
as well as their natural language, visual imagery and spatial representation, their problem

solving strategies and heuristics and their affect in relation to mathematics.

Beyond the general definitions and classification for external and internal
representations there are different descriptions for those terms that are identified by
different researchers. Jonassen (2003) classifies problem representation as 1) how
instructors represent problems to learners in the problem statement, and 2) how problem
solvers cognitively represent problems while trying to solve it. Furthermore, as a result of
his study Jonassen (2003) concludes that the way an instructor represents problems to

learners affects the learner's cognitive representation of the problem.

According to Miura (2003) definitions, examples and models that are taught by the
instructor are specified as external representations whereas internal representations are
constructed by the students themselves as they try to make sense of a mathematical concept

or attempt to find a solution to a problem.

Goldin and Shteingold (2001) identify a third type of representation, namely shared
representation. In fact by the term shared representation they mean the interaction between

internal and external representations.



Even though external representations seem to be inputs and stimuli to the internal
mind (Zhang, 1997), the learners may formulate internal representations to organize
mathematical ideas or to solve problems as well as they may produce external

representations to maintain the solution process (Pape and Tchoshanov, 2001).

Theoretical studies on the nature of internal and external representations reveal that
there exists a mutual influence between two forms of representations. However, some
researches claim that there is no difference between external and internal (mental)
representations such that a mental representation is equivalent to what it represents (Pape
and Tchoshanov, 2001). On the other hand, some researchers believe that there exists a
direct relation between the development of students' thinking and their ability to operate
with mental images such as imagining and concept mapping. In other words, the use of
representations to develop students' understanding is related to their ability to operate with

the representations (Pape and Tchoshanov, 2001).

Both external and internal representations are quite important in the problem solving
process. There is a mutual relation between internal and external representations during the
instruction. The learners are first exposed to external representations and then actual
learning occurs when the learner transfers the knowledge into a mental network and

constructs its internal representation.

In order to make internal and external representations meaningful in the problem
solving process, different strategies for internal and external representations are identified.
Diagrams, graphs and pictures are a few typical types of external representations. They are
not only used for problem solving but also for reasoning and decision making. In the
studies of the relationship between mental images and external pictures, researches found
that external pictures can give people access to knowledge and skills that are unavailable
from internal representations. In the studies of diagrammatic problem solving, it is found
that diagrammatic representations support operators that can recognize features easily and

make inferences directly (Zhang, 1997).



The interaction between internal and external representation is fundamental to
effective teaching and learning. However both representations must be as accurate as
possible before attempting for a successful interaction. Pape and Tchoshanov, (2001)
define the term representational thinking to specify the learner's ability to interpret,
construct, and operate (communicate) effectively with both forms of representations,

external and internal, individually and within social situations.

According to Pirie (1998) the function of any type of representation is to
communicate the mathematical ideas through a mathematical language. Ordinary language,
mathematical verbal language, symbolic language, visual representation, unspoken but
shared assumptions and quasi-mathematical language are the types of that kind of
mathematical language. Similarly, Pape and Tchoshanov (2001) share the view that
representation has emerged as a part of mathematical communication and that it facilitates
both transfer of the knowledge from senses to mental network and meaningful connection

within the mental network.

Several studies indicate the importance of problem representation as a major step in
the problem solving process. According to Reimann and Chi, (1989) problem solving has
to begin with the conversion of the problem statement into an internal representation.
Similarly, Szetela and Nicol .(1992) considered the representation of the problem as an
initial step for successful problem solving. According to Szetela and Nicol (1992) the

typical sequence of actions for successful problem solving should be as follows:

Obtain an appropriate representation of the problem situation.

Consider potentially appropriate strategies.

Select and implement a promising solution strategy.

Monitor the implementing with respect to problem conditions and goals.
Obtain and communicate the desired goals. |

Evaluate the adequacy and reasonableness of the solution.

N Y

If the solution is judged family or inadequate, refine the problem representation and

proceed with a new strategy or search for procedural or conceptual errors.



Since the problem solving sequence suggested by Szetela and Nicol is basically
similar to general problem solution strategies, the emphasis on the importance of
representation and solution plan for successful problem solving is outstanding in their

sequence.

Moreover, researches on teaching about problem solving reveal a two-step model for
resolving problems such as representation and solution (CTE, 2000). Representation of a
problem and making a solution plan are two fundamental keyé to solve the problem.
Representation involves an analysis of the available data and an identification of the type
of problem presented and it is aimed to develop students' ability to organize data, identify
the key issues, and initiate a solution to the right problem. However a solution plan

involves developing and implementing a coherent plan for solving the problem (CTE,
2000).

According to Pape and Wang, (2003) problem solving begins when the solver reads
the problem’s text such that it stimulates the activation of various knowledge structures,
which help the problem representation. Moreover, Pape and Wang, (2003) believe that
- problem representation is the first stage of problem solving. As being the first step,
problem representation may lead to the development of a more complex mental model
which is constructed through active transformation of the text base, activation of schemas
for particular types of problems, and integration of the problem elements within these
schemas. Thus, the representation process relies on both reading comprehension and

mathematical problem-soiving strategies.(Pape and Wang, 2003).

Although problem representation is an important step in successful problem solving,
problem representation is not a random process; it has to have well defined stages to be
followed. Problem representation strategies are needed to process linguistic and numerical
information, comprehend and integrate the information, form internal representations in

memory and develop solution plans (Montague and Applegate, 2000).

These strategies facilitate translating and transforming problem information or
descriptions that are verbal, graphic, symbolic, and/or quantitative to problem structures.

These verbal and visual representations in turn aid for organization and integration of the



problem information as the problem solver develops a logical solution plan. In relation,
Montague and Applegate (2000) identify a three-step problem representation strategy that

includes the following steps:

1. Paraphrase or restate the problem in one's own words.
2. Visualize the problem by drawing pictures, constructing diagrams or charts, and
making mental images.

3. Hypothesize or establish goals and set up a pian to solve the problem.

As inferred from the results of the researches on successful problem solving
strategies, meaningful representation of a problem is an initial step of a problem solving
process such that in turn, it directs the solution plan as well. The reasons that make
problem representation more important than a solution plan in problem solving process

may be summarized as follows:

1. Representations are powerful tools for thinking since they enable mathematical ideas
to be more concrete and available for reflection. Thus, the students are directed to
focus on the important features of the problem.

2. Representations help students identify the common mathematical elements of
different situations.

3. Different representations of the same idea enhance conceptual understanding and
transfer of the knowledge from senses to mental network. Students need to develop
and use a wide variety of representations.

4. Representations are effective tools for building understanding, communicating

information, and demonstrating reasoning (Greeno and Hall, 1997).

In addition, the recent studies in curriculum development focus on the importance of
representation in teaching learning process as being a tool for improving understanding and
learning. In the mathematics program suggested by NCTM, the major emphasis is given on
the importance of improving students’ ability in selection, application and translation
among mathematical representation to solve problems. For example, graphic

representations is a way of expressing mathematical information visually; whereas



expressions represented symbolically can be easier for manipulation, analysis, or

transformation of the knowledge (Shaw and Aspinwall, 2002).
2.1.1. Representation as a Major Component in Solving Mathematical Problems

Problem representation is not only one of the keys in general problem solving but
also plays a crucial role in solving domain-specific mathematical problems. Even though
there are different types of representations for different problems, problem representation

is a stable element of the problem solution process.

Jitendra, (2002) believes that problem solution is the selection and application of
appropriate mathematical operations based on problem representation which involves both
solution planning and execution of mathematical operations. Hohn and Frey (2002) on the
other hand, divide the process of understanding and solving word problems into several
sequential phases and assert that problem representation takes place during the initial
phase. According to Hohn and Frey (2002), the first phase of solving word problems is
problem representation, which can be subdivided into two substages as problem translation
and problem integration. Problem translation refers to interpretation of factual information
in the problem statement while problem integration indicates the formulation of
relationships between problem knowledge and problem ‘structure. The next phase is
solution planning, in which the problem solver selects a solution procedure and then
solution execution follows, such that necessary computations are carried out. During
solution monitoring, the problem solver reviews the computations to detect errors,
completes the sequence of solving word problems. However, results of the studies revealed
that whenever the problem solver fails to effectively engage in the necessary metacognitive
activity at any one of these phases a poor problem solving performance is likely to yield

(Hohn and Frey, 2002).

Similar work by Hegarty, Mayer and Monk (1995) specify a number of
comprehension processes that takes place before the solution plan. Comprehension
processes for arithmetic word problems starts with the problem solver constructing a text

base, after which the solver extracts a mathematics-specific representation, and develops a
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solution plan for solving the problem. Construction of text base refers translation of each
statement into an internal propositional representation and integration of this internal
representation with the representation of other statements in the problem to construct a
semantic network representation. In relation, construction of a mathematics-specific
representation refers changing the format of problem solvers’ representation from a
proposition-based to an object-based representation. After these two phases a problem

solver is ready to make a solution plan for the problem.

Howard, McGee, Hong and Shia (2000) also point out to the importance of problem
representation. They assert that among the five components of metacognitive self-
regulation (knowledge of cognition, subtask monitoring, evaluation, problem
representation, objectivity) problem representatioh is significant for problem solving and
content understanding. In their experimental studies on the effectiveness of components of
metacognitive self regulation they found out that problem representation creates significant
difference between control and experiment groups such that problem solving performance

and content understanding level of the experiment group is higher than the control group.

2.1.2. Representations as a Predictor of Good / Successful Problem Solving

Performance

It seems to be accepted that success or failure in problem solving depends on the
representations constructed during the understanding of the problem (Moreau and Viennot,
2003). Even though problem representation is an irhportant tool for understanding and
solving problems, individual differences may lead to differences in problem solving
performance. Results of several studies that examine the characteristics of good-poor,
successful-unsuccessful or expert-novice problem solvers indicate that problem

representation plays an important role in determining problem solving performance.

Expert and successful problem solvers initially transform the problem text into a
form of a mental model or a cognitive representation that corresponds to the problem
clements and their relationships (Pape and Wang, 2003). Problem solvers may evoke

internal representations for the problem or they may use external representations to
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facilitate this process. Then based on the model developed for the problem, the problem
solver begins a solution path. However, less successful problem solvers may not form this
mental model rather; they prefer to translate the problem elements to a solution without
establishing a representation of the problem. Nevertheless transforming the problem text
into a situational model, and the situational model into a mathematical model requires a

great deal of strategic behavior and monitoring skill (Pape and Wang, 2003).

Similarly, the results of the study explaining individual differences in the
comprehension strategies of successful and unsuccessful problem solvers; Hegarty, Mayer
and Monk, (1995) deduced that successful problem solvers used problem-model strategies
~ and focus on the variable names in the problem while unsuccessful problem solvers use

direct-translation strategy and focus on numbers and relational terms.

Furthermore, Schoenfeld (1987) examined behaviors of both expert and novice
problem solvers and found that expert problem solvers analyze the given problem as the
first step, then make a solution plan for it and finally take an action to solve the problem,
however novice problem solvers do not make a solution plan and try to solve problems

through exploration (Pape and Wang, 2003).

In addition, Jonassen (2003) compared the characteristics of expert problem solvers

with novice problem solvers as follows:

1. Experts construct richer, more integrated mental representations of problems than do
novices.
2. Experts are better able to classify problem types because their representations

integrate domain knowledge with problem types.

The good problem solvers use more strategies overall and more problem
representation strategies specifically as problems become more difficult (Montague and
Applegafe, 2000). Montague and Applegate, (2000) studied on middle school students'
perceptions of problem difficulty, persistence, and knowledge and use of problem solving
strategies in solving mathematical word problems. Results indicated that the most

significant deficiency occurs in problem representation processes and strategies such that
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poor problem solvers failed in solving word problems since they were not good enough to
represent problems and develop a solution plan. Moyer, (2001) also agrees on the
importance of constructing appropriate problem representations in problem solving
situations, and using these representations as aids for understanding the information and
relationships of the situation such that expert problem solvers may follow those steps

successfully while novice solvers fail in some steps.

Furthermore, studies investigating problem solving behavior of students with
learning disabilities (LD) also reveal the importance of representation on problem solving
performance. Results of a study held by Maccini, ef al., (2000) indicate that adolescent
students with LD can successfully learn to represent and solve word problems involving
subtraction of integers. Specifically, participants demonstrated remarkable increases in
their percentage of strategy use over instructional phases and learned to represent and solve
subtraction of word problems involving integers. The improvement was observed in four
different categories such that identifying the correct operation(s), drawing a picture of the
problem, writing a correct equation, and answering the problem. However, maﬁy students
with LD exhibit difficulties with problem representation that involves understanding the
problem and transforming problem information into algebraic symbols. Some students
with LD had difficulty in distinguishing relevant from irrelevant information while others
have difficulty representing word problems. Some LD students lacked knowledge of how
to solve problem systematically, and often moved directly to calculation omitting aspects

critical for correct solution.

Without denying the existence or importance of ability differences in mathematics
Goldin and Shteingold (2001) suggest that the limitations in some children’s understanding
are not intrinsic rather, they are a result of internal systems of representation that are only
partially developed, leaving long-term cognitive obstacles and associated affective

obstacles.
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2.2. Effects of Problem Representation on Problem Comprehension

The role of representation in searching for understanding of mathematics learning is
vital because understanding of learning is possible only when the concept, knowledge,
formula or principle becomes a part of a learner’s network of representation (Hiebert and
Carpenter, 1992). Using representations whether drawings, mental images, concrete
materials, or equations helps students organize their thinking and try various approaches

that may lead to a clearer understanding and a solution (Fennell and Rowan, 2001).

Cognitive research in mathematics learning sometimes emphasizes solution processes
such as computational procedures and problem solving strategies (Hegarty, et al., 1995).
However construction of problem representations has an effect on problem comprehension
such that studies on problem comprehension reveals that most problem solvers fail to
understand and solve problems since they have difficulties constructing a useful problem
representation than in performing the computations necessary to solve the problem

(Hegarty, et al., 1995).

‘According to Yerushalmy and Gilead, (1999) there are two phases of solution of
algebra problems: problem comprehension and equation solving. The problem
comprehension phase involves reading the problem, forming a mental representation that
interprets the information given in the problem and transforms it into objects with their
associated properties, organizing the relations among those objects, and representing the
relations by equations which helps shape the mental representations required for the

solution.

2.3. Using Venn Diagrams in Solving Mathematics Problems

Using external representations such as diagrams, charts or pictures as an instructional
tool aids learning as well as understanding of the concepts. For mathematics lessons using
diagrams during problem solving has been shown to be effective (Pyke, 2003). Diagrams

enable problem information to be more apparent and facilitate problem comprehension and
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solution by revealing relationships and suggesting possible routes to solution (Hohn and
Frey, 2002).

Although the majority of research on algebraic modeling has emphasized students’
difficulties using standard representations, students can solve problems successfully by
designing their own algebraic, tabular and graphic representations (Izsak, 2003).
Furthermore, diagrams (flowcharts) provide better performance than verbal

representations, especially for more complex problems (Jonassen, 2003).

Specifically, using Venn diagrams in set problems is crucial to make the solution of
the problem evident for the students. Since word problems with sets includes two or more
classifications about facts and a group of numbers, inserting correct numbers into correct

places on Venn diagrams will facilitate solution of the problem (Stapel, 2004).

As inferred from the results of the studies on problem solving, one may conclude that
problem representation is found to be the initial and one of the most importaht steps in
problem solving process such that solution planning is based on the representation of the
problem. The present study examines differences in how sixth grade students represent ° ‘set
problems” and how their resulting performance can be explained in terms of problem

representation.
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3. SIGNIFICANCE OF THE STUDY

Problem representation is accepted to be the key to problem solving (Jonassen,
2003). Problem representation involves translating a problem from words into a
meaningful representation (Jitendra, 2002). Problem solution refers to the selection and
application of appropriate mathematical operations based on the representation. It involves
both solution planning and execution of mathematical operations. Hence the importance of
problem representation in problem solving is evident. However, using different types of
representations effectively will create desired changes among the performance levels.
Students’ comprehension and mathematical thinking levels have influences on the problem

solving performance as well.

In this study sixth grade is considered to be the most appropriate level for teaching
about problem solving and problem representation. Because it is the first year of schooling
that the students are learning how to solve a problem scientifically. Until sixth grade,
students are used to solve problems by using some simplified methods that most of the
time causes students to memorize some structures and apply rules. However, problem
solving is beyond applying rules into given situations, it requires critical thinking and
evaluation. According to Piagetian stages of cognitive development, sixth grade students
are in formal operational stage, that is, they are stimulated to develop higher thinking
skills, which are basically theoretical and abstract principles of logic (Steinberg, 1991).
Therefore, sixth grade is important to give fundamentals of problem solving and strategies

that makes problem solving easier for them.
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4. PROBLEM STATEMENT

The present study examines differences among students as they try to represent a
given set of problems that require the use of external representations for successful
solution. The study also questions how differences in problem representation may
contribute to students' understanding and subsequent problem solving performance
following instruction on a topic that invests on the use of external representations (Venn
diagrams). The study is expected to contribute to major issues that relate problem
representation and problem solving performance in mathematics. On a more general level
this study is expected to make topic-based contributions to basic questions on factors

effecting problem solving performance.

The study specifically aims to understand how students who differ in terms of their
problem representation levels differ in terms of the degree to which they benefit from
instruction on a topic that specifically requires the use of external representations (Venn

diagrams).

The data are also analyzed to determine the types of representations that are used by
good/average/poor representers while solving familiar and unfamiliar problems. Such an
extension is presumed to provide greater insight particularly in understanding how students

solve unfamiliar problems.

The topic of the present study includes “set problems”, because problem solving in
this area is considered to be highly dependent on the use of external representations. A
very common form of representation used when solving “set problems” is Venn diagrams.
Thus the more specific questions of the present study relate to the influence of planning on

performance of students when solving “set problems”.
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4.1. Hypeothesis

The study hypothesizes that students who use more effective representation strategies
will show greater gains following instruction on "set problems" as compared to students

who use ineffective or poor representation strategies. Therefore the study addresses the

following specific hypotheses:

e Sixth grade students who are classified as “good representers” will perform
significantly higher than students classified as “poor representers” while solving set
problems in the posttest and the retention test.

e Sixth grade students who are classified as “good representers” will perform
significantly higher than students classified as “average representers” while solving
set problems in the posttest and the retention test.

e Sixth grade students who are classified as “average representers” will perform
significantly higher than students classified as “poor representers” while solving set

problems in the posttest and the retention test.
4.2. Variables and Operational Definitions

The study questions problem solving performance differences among students who
differ in terms of problem representation level. The variables of the study are performance

on set problems and problem representation level.

Performance on set problems was operationalized in terms of test scores obtained
from three achievement tests that covered problems on sets. The pretest was used to assess
performance prior to instruction and the posttest was used to assess performance following
the instruction. Pretest (WPT1) and posttest (WPT2) consisted of two parallel forms that
included five open ended questions. The third test was used to assess retention (R-WP) and

consisted of 10 multiple choice questions.

Problem representation level was operationalized in terms of ability to analyze the

problem and express it correctly and the ability of making a solution plan. It was assessed
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by a semi-structured interview such that the students were asked to solve two problems
(one familiar and one unfamiliar) and explain their reasoning. Their conversations with the
interviewer were recorded and an observation checklist was used during the interview to
determine the students’ behaviors and their way of thinking through their explanations
while solving the given problems. Based on the data obtained during the solution process,

the students were classified into corresponding (good, average, poor) representation levels.

A detailed explanation of the pre and post assessment tools (pretest, posttest and

retention test) and the semi-structured interview will be given in the "Instruments” section.
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5. METHODOLOGY

5.1. Sample

All sixth grade students in Eyiiboglu High School were considered as the sample
population for being a convenient sample for the researcher. They were totally 164 (89
male, 75 female) students who were randomly distributed among seven classes at the
beginning of the academic year. However 40 students were chosen from the 164 students
for the interview on representation levels. The sample was selected using purposeful
sampling. During the selection process one criterion that was considered was to choose
students who could more readily express their thought processes. The distribution of the
sample across the seven sixth grade classes is presented in Table 5.1. All of the 164 sixth
graders received pretest, posttest and retention test prior to and following instruction on
“sets and set problems”. However, analysis of performance gains for good/average/poor
representers was based on the data obtained from the 40 students who received the

interview on representation levels.

Three instructors, whose teaching experiences in sixth grade were at least two years,
carried out instruction on “sets and set problems”. One of the instructors was teaching
three of the sixth grade classes while others were teaching two of the classes. The teachers
spend 8-9 lessons on the subject matter. The scope and sequence of the instruction was
identical for all three teachers. The seven classes were compared in terms of students’
performance levels, because the students (n=40) who received the interview on problem
representation were diversely distributed among these seven sixth grade classes. The
comparisons based on ANOVA indicated that these classes were similar in terms of their
performance prior to and following instruction on “sets and set problems”, such that F-
values for pretest and posttest were as F(5, 39)=1.864, p=0.127 and F(5, 39)=0.986,
p=0.441 respectively. Pretest and posttest scores of the seven sixth grade classes and

corresponding teachers are presented in Table 5.1.
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Table 5.1. The distribution of the students in terms of classes

Number of | Mean of Mean of
Class
students Pretest Posttest
O6A 11 28 43
1** Teacher
6B 5 33 40
d 6D 2 28 43
2" Teacher
6F
6C 12 23 38
3 Teacher 6F 6 32 44
6G 4 31 45
Mean 29 42
Standard Deviation 3.6 2.6

5.2. Instruments

The instruments used in the study are designed to assess students’ 1) Performance on

set problems and 2) Problem representation level.

5.2.1. Instruments Used to Assess Problem Solving Performance

In order to determine the performance on set problems, the students were given two
groups of tests: 1) Tests on word problems (WPT1 and WPT2) and 2) Retention test on
word problems (R-WP).

The tests on word problems consisted of two parallel forms (WPT1 and WPT2) that
included five open-ended word problems about sets (See Appendix A and Appendix B).
The items were arranged from the simplest to complex. The students were given 20
minutes for each of the tests. However, retention test (R-WP) was composed of 10

multiple-choice questions related with set problems and students were given 25 minutes 1o
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complete the test (See Appendix C). The type of the retention test was different from the
pretest and the posttest. In the retention test, the researchers tried to find out how much
students remember the concepts related with sets and sets problems by asking more
questions such that some of them require simple calculations while others require

interpretations.

For the tests on word problems WPT1, WPT2, each item was scored as 10 points and
for the test R-WP, each item was scored as 5 points. The students received partial credits
for their partially correct solutions in WPT1 and WPT2; however they could not take any

partial from R-WP test since it was multiple-choice test.

The tests were analyzed by using item analysis, reliability analysis and content
validity measures. In order to check reliability as internal consistency Cronbach’s alpha
was used. The reliability for WPT1 was found as 0.41, it was 0.71 for WPT2 and 0.49 for
R-WP. The alpha values of pretest and retention test were lower than the alpha value of the
posttest. Since in the pretest, last two questions were related with new concepts that
students would learn during the instruction and also many students failed to remember
specific issues related with set problems during the retention test. Three math teachers

checked the tests for validity and agreed on content validity of the tests.
5.2.2. Instruments Used to Assess Problem Representation

Problem representation was assessed in terms of a semi-structured interview while
two “set problems” were asked to be solved by the students. One of the questions was a
typical set problem that the students were familiar. However the second question was
unfamiliar for them which required students to use representations including but not

limited to Venn diagrams for successful solution (Table 5.2).

During the interview the students were observed and they were guided by pre-
determined questions about their solution plan. The students were questioned on tasks such
as the kind of action they would take as the first, what they would do when they were

stuck, etc. The questions to be posed during the interview were withheld as much as
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possible but were used whenever required to keep the interview going. Students’ responds
to the interviewer were recorded to be used for the evaluation of their performance. A
checklist was filled during the interview containing items to identify the use of external
representations such that using sketches, graphs, charts or diagrams and internal
representations which were inferred from behaviors of the students while solving the
problem as well as their comments while thinking aloud about the problem and the

solution. The items in the checklist are given in Table 5.3.

Table 5.2. Questions that students were asked to solve during the interview

Soru 1:
42 kisilik bir sporcu grubunda 26 kisi hentbol, 17 kisi de basketbol oynayabilmektedir. 9 kisi hem
hentbol hem de basketbol oynayabildigine gore ne hentbol ne de basketbol oynayamayan kac kisi vardir?

Soru 2:

Ankara’dan istanbul’a 3 giinlitk gezi igin 6grenciler gelmistir. Her giin saraylara, camilere ve kulelere
gitmek isteyenler igin @i¢ ayr grup olusturulmaktadir. Buna gore bir kisi giinde yalmizca bir grup olmak
iizere istedigi bir gin herhangi bir gruba kaulabilir. Ayrica her bir 6grenci i¢in en fazla 8 degisik olasihik
vardur: yalniz saraylara gidebilir, yalniz saraylara ve camilere gidebilir, tim eserlere gidebilir, vb.

Gezi programinda yer alan eser tiirleri ve eserler asagida verilmigtir.

Saraylar Camiler Kuleler
Topkap Saray1 Sultanahmet Cami Kiz Kulesi
Yildiz Saray1 Silleymaniye Cami Galata Kulesi
Dolmabahce Sarayi Cinili Cami

Beylerbeyi Saray1

Geziye katilan ogrenciler arasmda Murat, Ceren, Ezgi, Selim, Meltem, Umut ve Hakan da
bulunmaktadir. Her biri ti¢ giinliik gezi sonunda en az bir gezi grubunun iginde yer almuslardir. Ve her
biri igin yalnizca bir olasilik s6z konusudur; Bu yedi 6grenciden yalmizca biri tim eserlere, yalnizca biri
hem kulelere hem de camilere, vs. gitmistir

Buna gore, asagida verilen bilgiler dogrultusunda Ceren’in hangi tir(ler)deki eserleri ziyaret ettigini
bulabilir misiniz?

Hakan her ii tirdeki gezi gruplarma katimistir.

Meltem: - Kiz Kulesi’nden Istanbul’u seyretmek giizeldi.

Umut hem Sultanahmet Cami’ye hem de Galata Kulesi’ne gitmistir.
Murat: - Ne Cinili Cami’ye ne de Kiz Kulesi’ne gittim.

Ezgi Beylerbeyi Sarayi’na giden grup igindedir.
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Table 5.3. Checklist for the interview

Soru 1 Soru 2

DAVRANIS / BECERI/ YAKLASIM EVET |HAYIR | EVET [HAYIR

1 | Problemde verilen bilgileri not aliyor

Problemi temsil eden simge, isaret veya sekil

kullantyor

Problemin ¢dziimii igin gerekli olan formiil

veya kurallart biliyor

4 |Problemi belli bir sira takip ederek ¢oziyor

Problemin ¢oziimiinde kullandig: islemlerin

nedenlerini biliyor

6 | Problem ¢ozim asamalarini anlatabiliyor

Problemin sonucunu bulduktan sonra

gegerliligini kontrol ediyor

The students were evaluated according to their answers to the given questions, their
responds to the interviewer and the scores in the checklist. The items on the checklist were
filled for both questions and the students were categorized according to each question. If
the student was marked as “YES (Evet)” for at least six items in the checklist then s/he
was identified as “Good”, if s/he was marked as “YES (Evet)” for at most two items in the
checklist then s/he was identified as “Poor” and otherwise s/he was identified as
“Average”. For instance, if the student used any type of representation, followed a logical
order as making necessary calculations and could explain his/her reasoning to make those
calculations and for his/her findings then s/he can be thought as good representer.
However, if s/he did not know what actions should be taken as first and just tried to rné.ke
some calculations randomly, could not explain his/her reasoning and did not check the
rationality of his/her answer then s/he can be thought as poor representers. If s/he could
find the answer to the question but failed to explain his/her reasoning in some steps of the

solution process then s/he can be thought as average representers. The examples from the
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k .
students’ answers who were classified as poor, average or good representer, are presented

in Figure 5.1, Figure 5.2 and Figure 5.3 respectively.

In the example given in Figure 5.1 the student drew the Venn diagram for the first
question but placed the number of the elements for the sets inappropriately. Furthermore
the student could not explain the reasoning for her calculations. In the second example the
student used set operations for solving the second problem however he used wrong
notation that is instead of using intersection symbol he used union symbol but he could

explain his reasoning partially for his answer.

Soru 1
42 Kisilik bir sporcu grubunda 25 kisi hentbol, 17 kigi de basketbol ovnayabilmektedir. 9 Kisi hem hentbol

hem de basketbo! oynayabildigine gére ne hentbol ne de basketbo! oynayamayan kag Kisi vardir?
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Figure 5.1. Example from the answer of the student who classified as poor representer

Tn Figure 5.3 there is an example for the solution of the second question such that the
student used Venn diagrams to solve the question. The student could also explain his
reasoning for his calculations. Since items in the checklist determines whether the
questions were solved or not, it is used as an objective tool for classification of the students

rather than merely depending on the evaluation of the scorer.

Furthermore, scripts of two of the students’ dialogue with the interviewer are
presented below. One of them is the speech of the “poor representer” and the other one is
the “good representer” whose solutions are given above in Figure 5.1 and Figure 5.3,

respectively. Further examples are attached in Appendix D.
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Soru 2:

Ankara‘_dan Istanbp{‘a 2 gonitk gex icin ogrenciter gelmistir. Her gin saraylama, camilere ve kuleiere
gltmek |steyf¢_nier igin U ayr grup olugturuimaitadir. Buna gore bir kisi glUnde yatmzca bir grup olmak
Grere istedigl bir gun he_rljan_g bir gruba katlabilir. Ayrnica her bir ogrencl icin en faziz 8 dedisik olasilik
vardir: yalriz saraylara gidebilir, valniz saraylara ve camilere gidebilir, tum eseriere gidebilir, vb.

Gezi programinda yer alan eser iliferi ve eserier asagida verimistic. -

—

 Saraylar | Camiter . Ckuleler -

i i ‘
! Topkap! Saray | Sukanahmet Cami !

op Kiz Kules
CYiidiz $aray| ! Stieymaniye Cami | Galate Kules
, Dolmabahge Saray!t . Cinili Cami !

. Beylerpeyi Saray: ! t

i

- o - ] !

Ge_»_ly_e katilan ¢drenciler arasindas Widrat. Ceren, Szgt, Sshm. Meb‘em< Urhut ve Hékan da bulunmaktadir
. - g . - = . / PP

H,E' biri bg otk 7} sonunda en az bir gezi arubunun iginde yeér almigiardir. Ve her biri igin yainizea bir

oiasilik sBz Konusudur. Bu yedi ogrenciden valmizca bl tm eserlere, valmizca birt hem kutelere hem de

camilere, vs, gitmistir :

Buna qore, asadida verien bilgiler gogrultusunda Cerensn hang: tar(lendeki eserleri ziyaret etiigini
bulabitir misinz? - S i )
her (¢ tOrdeki gezi gruplanna katimighir L T

! - Kiz Kulesi'ndern Istanbul'u seyretmek guzeldl L

Limut hem Sultanahmet Cami'ye hem de Galata Kulesi pe grtmigtic:
NMurat, - Ne Cinili Cami'ye ne oe Kiz Kulesine gitim. 400 ———
Ezai Beylerbeyi Sarayi'na giden grup «;Endedur? 3 ’

~,

Figure 5.2. Example from the answer of the student who classified as average representer

Dialogue of poor representer with the interviewer:

I: Nasil diigiindiin, kisaca anlatir mism?

PR: Spor grubunda 26 kisi hentbol 17 kisi de basketbol oynadigina gore bir de 9 kisi hem
hentbol hem de basketbol oynuyor. Ve bu 9 kisiyi her ikisinden de cikardim.

I Hihi..

PR: Ve yani her ikisini de topladim. 42 kisilik spor grubu oldugu icin 42 'den ctkardim ne
basketbol oynayan ne de hentbol oynamayanlari buldum.
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) A R
Buna Qore, aatics verilen bilgiler dogrultusunda Cerenin hangl tir{lerjdeki eserien zivarst ettidini
bulabilir misiiz? )

Hakan her (¢ {0rdeki n uo,auna katilmistir

Meltem: - Kiz K tanbul'u seyretmek glzeid

Umut hem Sul tma‘wmat C mi'ye hem de Gaiata Kulesi'ne gitrighir.
WMurat: - Ne Cinilt Cami'ye ne de Kiz Kulesi'ne gittim. ’
Ezgi Beylerbeyi Sarayi'na giden grup igindedir.

Figure 5.3. Example from the answer of the student who classified as good representer
Dialogue of good representer with the interviewer:

I: Soruyu anladin mi?

GR: Bir geziye gidiyorlarmis. Gruplara ayrilzyorlar. Fakat sadece iste biri gidebiliyor

I: Hepsine gidiyor veya yalnizca saraylara gidiyor, iste bir tanesi saray ve camiye gidiyor,
vesaire seklinde. Ve orada bazt bilgiler verilmis. Bunlardan yola ¢cikarak Ceren'i bulabilir
misin?

GR: Hi, hi... (Onayliyor.)

I: Bak bakalim bulabilecek misin?

GR: Simdi yine bir ¢izeyim. (Venn semast ciziyor. Elemanlari yerlestirirken sesli
diisiiniiyor.)

GR: Hakan iig... hummm...saray-cani, Hakan... Meltem Kiz Kulesi... dur! (yazdigini
siliyor) Umut cami ve kule, Murat... o zaman buraya gitti (yalmz saraylara yaziyor) Ciinki
herkes bir yere gitmek zorunda...

I: Yani, orast neresi?
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GR: Saraylar .. Bir dakika (bir sey bulmus gibi) su gitti! Ezgi saray ... Simdi Ceren bunlarin
dismmda.

I: Evet.

GR: Ve en az birine gitmek zorunda.

I: Evet! Neler kaldi, nerelere gitmis olabilir?

GR: Hem saray hem kule olabilir.

I: Onlart yazar misin soyledigin sekilde.

GR: (Olasiliklar1 yaziyor.) Baska ne olabilir ... (diigimiiyor) Saray-cami olabilir. Bir de

sadece cami olabilir ...

Overall categorization was based on the results of the categorization for each
question. A student was classified as a "good" representer if s/he was grouped as a "good"
representer in both problems, or if s’he was grouped as a "good" representer in the first
problem and as an "average" representer in the second problem. A student was classified as
an "average" representer if s/he was grouped as an "average" representer in both problems,
or if s/he was grouped as a "good" representer in the first problem and as a "poor”
representer in the second problem. And thirdly, a student was classified as a "poor"
representer if s/he was grouped as a "poor" representer in both problems, or if s/he was
grouped as an "average" representer in the first problem and as a "poor" representer in the
second problem. The categorization of the students in terms of representation levels

presented in Table 5.4.

Table 5.4. Categorization of the students in terms of representation levels

1* question 2™ question
Good Good
Good
Good Average
Average Average
Average
Good Poor
Average Poor
Poor
Poor Poor
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The content and construct validity of the problems that were asked during interview
were agreed by three math teachers. The validity of the items in the checklist was satisfied
by the results of the literature review such that it reveals fundamental characteristics and
behaviors of the student while solving problems. It Has been found that achievement on
problem solving depends on ability to represent problems in terms of paraphrasing or
restating problems in one's own words, taking notes, visualizing problems by drawing
pictures, constructing diagrams or charts, and making mental images in relation to
mathematical notations and making backward check for reasonableness of the solution
(Schoenfeld, 1987; Hegarty, ef al., 1995; Montague and Applegate, 2000; Pape and Wang,
2003; Jonassen, 2003). For the reliability of the checklist and questions interjudge
reliability analysis was used. One math teacher who made the interview with the students
and an expert educator on problem solving who examined students’ answer sheets and
checklists and listened their interviews from a tape recorder categorized the students as
“good”, “average” and “poor” and it was found that among the 40 students, four of them
were classified differently. Hence interjudge reliability was determined as 0.90. By
reviewing the students’ work together their categories were determined agéin, thus

agreement on the student’s type was satisfied.

Since it was expected to see whether students could use representations, specifically
Venn diagrams in different type of problems and how they make inferences from the
representations, the second question was specifically selected as a problem that had no

exact answer but possible answers.

According to results of the items in the checklist as well as the observation, the
students were categorized into corresponding representation levels as indicated above. The
data analysis were made according to two types of categorizations: First analysis was
based on the categorization in which students were grouped into “good”, “average” and
“poor” representers by looking at their overall performance in the interview. However, the
second analysis was based on the categorization of the students according to their answers
to the second question since it presumably would give more information about the exact

level of students by being an unfamiliar problem for them.
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5.3. Design and Procedure

The overall study is a composition of two related studies which basically questions

how problem representation affects problem solving performance of the students.

The design of the study can be identified as ex-post facto design where differences

among representation level were analyzed without deliberate manipulation.

All students in the sample population participated into study and they were exposed
to similar instruction. The instruction followed its regular course such that 8 lessons
(approximately) were allotted for teaching and practice with set problems. The teachers
were in coordination about how to teach the subject matter and which examples would be
given but no experimental manipulations were actualized during the instruction. In
addition, the students were given a worksheet about strategies of problem solving and two
more worksheets about word problems about sets (See Appendix E, Appendix F and
Appendix G).

Prior to instruction students were administered WPT1 (Test on Word Problem 1).
WPT1 was used as a means to control for prior knowledge when analyzing differences
between different representational groups. The students received WPT2 (Test on Word
Problem 2) immediately following instruction. WPT2 was used to examine differences

among students’ performances.

The administration of the pretest (WPT1) given prior to instruction took 20 minutes
and it was given during the regular class hours. The instruction was initiated by
introducing the procedures of solving a word problem, specifically word problems related
to sets. The students were taught about the key words to use for analysis of the problems,
how to write given information as set operations (which is named as symbolic
representation) and how t0 insert givens into a Venn diagram (graphical representation).
From the classwork, 12 questions were solved as examples and the students were given
opportunities to try on their own. At the end of 8 lessons the students were given a parallel

test WPT2. The students were given 20 minutes and asked to use what they have already
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learned about solving word problems in sets. They were not obliged to use either symbolic

or graphical representation.

The retention test on word problems (R-WP) was given approximately six months
later then set problems were studied. After the appiication of R-WP, some of the students
were selected for interview. The selected students were interviewed during the lunch time
not in regular course hours in a private section of the school library. Each interview lasted
approximately 10 minutes and all conversations between the student and the interviewer
(the researcher) were recorded. First, the students were given time to solve the questions

and then they were asked to explain their solutions.

During the interview the students were asked two questions, one was a typical and
familiar set problem while the other was an unfamiliar problem that required use of
representations to reach the answer. However the second question did not have an exact
answer. The students were expected to use representations to make solution more apparent
even though they could not find any correct answer and evaluate their findings and offer

something to make solution unambiguous.

A math teacher (the researcher) and an expert educator on problem solving rated
students’ performances by evaluating their representations and answers on their answer
sheets, listening to their conversations with the interviewer and assessing their observation
checklists. Since the compatibility among the ratings was satisfactory, interscorer
reliability of the students’ categorizations according to their representation levels was high
(0.90). The resulting categories (that outline good/average/poor representation levels) were
used to compare the differential effect of problem representation on problem solving

performances.
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6. RESULTS

6.1. Data Analysis

The study aims to examine differences in problem solving performance of students
who differ in terms of their problem representation level. Performance differences were
examined using pretest, posttest and retention test scores prior to and following instruction

on “sets and set problems”. Table 6.1 presents the mean and the standard deviation of the

tests for each type of representers.

Table 6.1. Mean and standard deviation of the tests for each type of representers

Performance Tests

WPT1 WPT2 R-WP
Representation | Number of
M SD M SD M SD
level students
Good 10 2950 | 5.99 |43.50] 2.42 | 40.50| 4.97
Average 17 3020 | 943 |42.65| 472 |34.71| 4.50
Poor 13 23.85| 7.68 |38.46|10.49|26.15| 7.95

The mean of the pretest (WPT1) for good representers is 29.50 with standard
deviation 5.99 while the mean of the pretest for average representers is 30.29 by having
9 43 as the standard deviation. Poor representers achieved 23.85 as the mean for the pretest
with standard deviation 7.68. For the positest (WPT2) good representers got score 43.50
(s.d=2.42) while average representers got score 42.65 (s.d=4.72). The mean of the posttest
scores of poor representers is lower than good and average representers’, such that 38.46

with the highest standard deviation 10.49. The difference among the scores of retention test
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(R-WP) signals about the difference among the performance of good/average/poor
representers more apparently. Hence, the mean of the good representers’ scores is 40.50

(s.d=4.97), the mean of the average representers’ scores is 34.71 (s.d=4.50) and the mean

of the poor representers’ scores 1s 26.15 (5.d=7.95).

The data were analyzed by using one-way ANOVA to question differences between
good/average/poor representers in terms of their pretest, posttest and retention test (WPT1,
WPT2 and R-WP) scores. In Table 6.2 the results of the analysis indicates that the
performance of each group in pretest and posttest is not significant while it is significant

(p<0.05) in the retention test.

Table 6.2. Group comparisons using overall representation level as the grouping variable

Sum of Mean ]
Squares a Squares F Sie

Between groups |336.278 2 168.139 2.535| 0.093
PRE Within groups - | 2453.722 37 66.317

Total 2790.000 39

Between groups | 182.387 2 01.193 1.953} 0.156
POST Within groups 1727.613 37 46.692

Total 1910.000 39

Between groups | 1215.653 2 607.827 17.250| 0.000
RETENTION | Within groups 1303.722 37 35.236

Total 2519.375 39

The mean scores for the pretest were 29.50 (5.d=5.99) for “good representers”, 30.29
(s.d=9.43) for “average representers”, and 23.85 (s.d=7.68) for “poor representers”. The
ANOVA analysis revealed that the groups were not significantly different in term of their
pretest scores such that F-value is obtained as F(2, 39)=2.535, p=0.093.
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The mean scores for the posttest were 43.50 (s.d=2.42) for “good representers”, 42.65
(s.d=4.72) for “average representers”, and 38.46 (s.d=10.49) for “poor representers’ .
Similarly, it is found that the groups were not significantly different in term of their
posttest scores such that F-value is obtained as F(2, 39)=1.953, p=0.156. Hence, groups

were not significantly different in terms of their pretest and posttest scores.

However comparison of the retention test scores reveals a significant difference
among the groups. The mean scores for the retention test were 40.50 (s.d=4.97) for “good
representers’, > and 26.15 (5.d=7.95) for “poor
representers” thus, F-value is obtained as F(2, 39)=17.250, p=0.000. Furthermore, as

34.71 (s.d=4.50) for “average representers’

presented in Table 6.3, Scheffe analysis of means for groups in homogeneous subsets
indicates that there is a difference among the poor/good and poor/average representers in

terms of scores of retention test.

Table 6.3. Means for groups in homogeneous subsets

Scheffe *°
PRETEST POSTTEST RETENTION TEST

Subset for Subset for Subset for

Rep. level | N | alpha=0.05 | Rep. level | N alpha=0.05 | Rep. level | N alpha=0.05

1 | 1 2

Poor 13 23.85 Poor 13 38.46 Poor 13126.15

Good |10 29.50 Good |10 42.65 Good |10 40.50
Average |17 30.29 Average |17 43.50 Average |17 34.71
Sig. 0.150 Sig. 0.191 Sig. 1.000 |0.060

Moreover, the students were grouped according to their answers to the second

problem during the interview. In the overall evaluation, 13 students were classified as
“noor representer”, 10 students were classified as “average representer” and 17 students
were classified as “good representer”. Students were classified according to their
performances in the second question so that 17 students were classified as “poor
representer”’, 14 students were classified as “average representer” and 9 students were

classified as “good representer”. The results of pretest, posttest and retention tests of the
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representers according to categorization in terms of second question are presented in Table
6.4.

The mean of the pretest for “good representers” according to second question is
29.44 (5.d=6.34), it is 30.71 for “average representess” (s.d=9.97) and it is 25.00 for “poor
representers” (s.d=7.50). The means of positest scores for “good representers”, “average
representers” and “poor representers” are 43.33 (s.d=2.50), 43.21 (s.d=3.72) and 39.12
(5.d=9.72), respectively. Furthermore, the means of retention test were obtained for “good
representers”, “average representers” and “poor representers” as follows: good
representers’ mean is 39.44 (s.d=3.90), average representers’ mean is 36.79 (s.d=5.40) and

poor representers’ mean is 27.35 (s.d=7.52).

Table 6.4. Mean and standard deviation of the tests for each type of representers in terms

of the second question

Performance Tests

WPT1 WPT2 R-WP
Representation | Number of
M SD | M SO | M SD
level students
Good 9 29.44| 634 |43.33| 2.50 |39.44| 3.90
Average 14 30711 9.97 | 43.21| 3.72 | 36.79| 5.40
Poor 17 25.00| 7.50 |39.12| 9.72 |2735| 7.52

The difference between the groups was analyzed by one-way ANOVA and the results
were similar to the overall examination. There were no significant differences among the
means of the groups in pretest and posttest such that F value for pretest comparison is
F(2, 39)=2.022 , p=0.147 and for posttest comparison it is F(2, 39)=1.783, p=0.182.

However it is significantly different in retention test comparison such that F(2, 39)=14.592,



p=0.000. One-way ANOV A results are presented in Table 6.5 while results of Scheffe tests

for groups in homogenous subsets are presented in Table 6.6.

Table 6.5. Group comparison using the second question as the grouping variable

Sum of Mean .
Squares @ Squares f >ie

Between groups |274.921 2 137.460 2.0221 0.147
PRE Within groups ~ {2515.079 37 67.975

Total 2790.000 39

Between groups | 167.878 2 83.939 1.783| 0.182
POST Within groups 1742.122 37 47.084

Total 1910.000 39

Between groups |1110.913 2 555.457 14.592| 0.000
RETENTION | Within groups 1408.462 37 38.067

Total 2519.375 39

Table 6.6. Means for groups in homogeneous subsets in terms of the second question

Scheffe
PRETEST POSTTEST RETENTION TEST

Subset for Rep. Subset for Subset for

Rep. level | N | alpha=0.05 ovel N | alpha=0.05 | Rep. level | N alpha=0.05

1 1 1 2

Poor |17 25.00 Poor |17 39.12 Poor |17127.35

Good |9 29.44 Good | 9 4321 Good |9 39.44
Average |14 30.71 Average | 14 4333 Average |14 36.79
Sig. 0.238 Sig. 0.321 Sig. 1.000 |0.567
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Although ANOVA was used to compare good/average/poor representers further
analysis was carried out using a nonparametric equivalent test (Kruskal-Wallis) because
the number of students falling under representation categories except average representers
was smaller than 15. The results of Kruskal-Wallis test were found significant for the
retention test as indicated in Table 6.7. For pretest comparison Chi-Square value is 5.3 58,
p=0.069, for posttest comparison Chi-Square value is 2.188, p=0.335 and for retention test
comparison Chi-Square value is 18.286, p=0.000.

Table 6.7. Group comparison by using non-parametric Kruskal-Wallis test

Representation
N Mean Rank
Level
Good 10 22.55
Average 17 23.82
PRE
Poor 13 14.58
Total 40
Good 10 22.05
Average 17 22.09
POST
Poor 13 17.23
Total 40
Good 10 31.15
Average 17 21.65
RETENTION
Poor 13 10.81
Total 40
Test Statistics *°
PRE POST RETENTION
Chi-Square 5.358 2.188 18.286
df 2 2 2
Asymp. Sig. 0.069 0.335 0.000
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2. Conclusion

Successful problem solving starts with representing the problem and then followed
by an appropriate solution plan (Moreau and Viennot, 2003). Most of the time success Or
failure in any type of problem solving depends on how well the problem is represented in
accordance with the type of the problem. For instance, using tables to differentiate the
given information in a math problem may be useful to solve a specific type of problem
while preparing a mechanism of an issue in chemistry or physics may help to understand

the fact and see the possible solutions of the given problem.

In this study, differences among students as they were trying to represent given
problems that required the use of external representations, especially Venn diagrams, were
examined. The students were categorized into three categories as “poot representers”,

“average representers” and “good representers” and the difference among their

performances were compared.

The students were given a pretest, a posttest and a retention test to determine their
performance levels prior to, following and six months after the instructional period that
covered the sets and set problems and a selected group were interviewed to determine their
representation levels. The students were asked to solve two problems: one is a familiar
problem (set problem) and the other one is an unfamiliar problem which is solved by use of
any type of representation. Their answers to the questions and their abilities to solve the
given problems are evaluated by the researcher and an expert educator on problem solving

then the students were categorized as poor/average/good representers.

According the results of the one-way ANOVA -Scheffe analysis, it is concluded that
there are differences in the performances of the “good” and “poor” representers and
“average” and “poor” representers in terms of the results of retention test. Therefore the

results support two of the hypotheses for the study such that:
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1) Sixth grade students who are classified as “good representers” perform significantly
higher than students classified as “poor representers” while solving set problems in
the retention test.

2) Sixth grade students who are classified as “average representers” perform

significantly higher than students classified as “poor representers” while solving set

problems in the retention test.

However, the results do not support the relative superiority of good and average
representers Over POOI representers in terms of the posttest scores. Furthermore the
hypotheses, “Sixth grade students who are classified as “good representers” perform
significantly higher than students classified as “average representers” while solving set

problems” was not supported by neither posttest nor retention test scores.

Although pretest was used for satisfying homogeneity among the groups, the test
scores were assumed to be close to each other. Similarly, results for the posttest were close
to each other since it was immediately followed by the instruction about set problems and
there was probability of memorizing the solution pattern of the set problems. However
retention test would reveal the actual difference between the groups since the students have
to remember how to solve set problems or develop their own methods. Results showed that
“good representers” can use a solution plan and external representations to solve problems
in any case, however “poor representers” failed to use a solution plan or external

representation when they are required to recall the subject matter later in time.

Instruction for teaching about using external representation has influences on the
performances of the students. Especially in a short time period most of the students are
able to use those strategies to solve problems. However for making those methods to be
permanent the student should develop his/her way of remember and use those methods. It
can be achieved through internalizing the external representations and applying the
problem solving plan in any situation. Immediate test results after an instruction may lead
to misconceptions about students’ actual performances. In mathematics it is crucial to use
any method or learned fact for further studies since mathematics subjects are interrelated
with each other. Therefore the important fact is to teach about how to solve any problem

by using a common method. Since problem solving plan provides evidence that problem
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representation is the first step of problem solving, it should be known by every student in
order to be good problem solver. External representations are commonly used in problem
solving however students should use internal representations as well. A desired result is

achieved whenever external and internal representations are used harmoniously.

The results of this study supports the anticipated differences among the expert and
novice problem solvers such that an expert problem solver is able to use an appropriate
problem representation in any case and develop a sclution plan while novice problem
solvers do not use any representation method or use them inappropriately so that they fail

to make a solution plan or solve the problem.

Some of the novice problems solvers fail to solve problems since they are not able to
use representations, correctly. In this study, “poor representers” failed to use Venn
diagrams appropriately. Although they were taught about operations on sets (intersection,
union, difference) their solutions showed that they did not truly understand the idea of
operations on sets. They tended to memorize a pattern of solving a set problein without
checking reasonableness of their findings. On the other hand “good representers” use Venn
diagrams in set problems effectively and explain their reasoning while inserting numbers
on the diagrams. Furthermore, “good representers” tended to use any kind of representation
before attempting to solve problem and analyze all information carefully, then make a
solution plan, however “poor representers” start calculations without making any solution

plan or using any symbols, tables or figures to represent problems.

In addition, for the second problem students could to use Venn diagrams to find the
answer of the question. However only six students attempted to use Venn diagrams. Since
it was assumed that the first problem might be a cue for the solution of the second problem,
a few of them realized the relation. However, nine students preferred to write possible
combinations of the places that would be visited and then they eliminated some of the
possibilities by using given information. Furthermore, it was observed that “good
representers” preferred to use their reasoning abilities to find the answer given question
such that they tended to find possibilities and label each of them with right persons.
Although some of the students attempted to write possibilities, they failed to differentiate
the places and their categories. These students failed to think the category of the places as a
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set rather than the places itself. For instance, if a certain person is said to be visit Topkap1

Palace, the student considered Topkapi Palace as one of the possibilities although palaces

is the possible place that was visited.

These findings imply that students’ reasoning abilities may account for the
representations they use while solving math problems. For example for the second problem
in the interview, students who could use formal reasoning abilities (i.e. hypothetico-
deductive reasoning, combinational reasoning or probabilistic reasoning) would be at an
advantage over those students who are less competent formal thinkers. Therefore reasoning
abilities may also function in helping students when generating representations for a given
problem. However the contribution of reasoning ability to students’ representation levels is
not within the boundaries of the present study. But it seems to be an important issue that

can be continued in following research studies.

6.3. Limitations and Suggestions for Further Studies

Although all sixth grade students were included in initial performance tests, relatively
few of them were interviewed. Since present data reveal much information about the
interaction between students’ performances and representations level, larger sample size
would give more information about the questioned correspondence between problem

solving performance and representation ability.

Since set problems uphold the use of external representations (Venn diagrams)
naturally, categorizing students according to their abilities to use of Venn diagrams may
not yield exact information about representation levels of the students. Although during the
interview, the second question is selected as an unfamiliar problem to the students, some of
them thought about using Venn diagrams by forming analogies with the type of the first
problem. To make generalizations about the representation level of students, solely
depending on their ability to use the Venn diagrams in set problems, may yield mistaken
information. Hence, different studies should be designed to observe the relation between
problem solving performance of students and their problem representation level on

different issues of mathematics except set problems. The representation level of a student
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should depend on the analysis of data gathered about student’s performance and

achievement in different problem solving activities.

Furthermore, the assessment tools which were used for differentiating the
representation level of the students should be varied. Interview results may not provide
sufficient information about students’ representation levels since questions were domain
specific, that is, it is designed to learn about how well students use external representations
specifically Venn diagrams. In order to assess the representation level of the students,
different instruments may be used or developed. Special problem solving activities or more

structured tests may be constructed according to grade levels of the students.

One of the implications of the study is to put emphasis on the use of external
representations in mathematics lessons. The teachers should believe in the power of using
representations for retention and permanent learning. Hence they should emphasize the
importance of using representations and encourage students to start solving any problem
after representing it in some way. The teacher should behave as a model for the students
how to represent a given problem. S/he should use different type of external
representations such as graphs, tables, diagrams and symbols and tell about the methods

that would be more convenient in different situations.

The second implication is to make problem representation a routine as the initial step
of problem solving for the students. The teachers should prepare exam questions in a way
that students would express all of the solution steps, verbally. For instance, the problem
statement may be followed by such questions: 1) write down all given information in the
problem, or more specifically “What does number 30 refer to in the question?”, “Do you
know the number of girls in the class?” etc. 2) what is asked in the problem 3) can you
summarize the problem statement by using pictures, graphs, charts or symbols 4) is there
any formula or method should be used 5) what do you think about the initial step for the
solution, etc. Although it would be better to make students aware of their problem solving
process, the number of the questions asked following the problem statement should not
exceed four or five, otherwise the students may not want to solve problems since they have

1o answer several other questions preceding the numerical solution.
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The third implication is to find out an efficient way to assess students’ actual learning
in the classroom environment. Although preparing sub-questions following the problem
urges students to understand the problem and make a solution plan, the students may be
asked to answer those questions orally, during the problem solving activities held in the
classroom. Furthermore, as students try to represent the given problem they do not only use
external representations but also their internalized representations. In order to decide on
how well the student use internal representations s/he should be asked to verbalize his/her
thought process during problem solving orally or written. In addition, making students
work in groups for problem solving activities may be supportive for novice problem
solvers or poor representers and help them to learn about how to develop a plan for solving

a problem and representing it.

Hence, the teachers should develop different methods to assess actual performance
and representation levels of the students and the level of their understanding. The results of
multiple-choice type tests or open-ended type exams may be deceptive about exact
performance of the students. As observed in this study, especially, follow-up test results
may give misleading information about students’ performance levels since students may
automatically use solution algorithms solve problems without making control of the data
obtained. Mathematics educators can help students understand the meaning underlying the
surface features of the problem by guiding problem representation process, which may in

term improve long term performance and retention.
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APPENDIX A: TEST ON WORD PROBLEMS -PRETEST (WPT1)

1) Bir ciftlikte 15 tavuk, 10 kaz ve 13 tane de hindi bulunmaktadir. Bu cifilikte kag

hayvan vardir?

2) 39 kisilik bir sporcu kafilesindeki sporculardan 25 kisi futbol, 20 kisi voleybol

oynamaktadir. Her iki oyunu da oynayan kag sporcu vardir?

3) Bir simftaki 6grencilerden matematik dersinden simfi gegenler 18 kigi, Turkge
dersinden gegenler 24 kisi, her iki dersten simifi gegenler 7 kisi olduguna gore smif

mevcudunun kag kisi oldugunu bulunuz.

4) 20 kisilik turist kafilesindeki yolcular mola yerinde ¢ay veya meyve suyu iciyorlar.
Cay igenler 15, meyve suyu icenler 10 kisidir. Yalniz meyve suyu icen kag kisi

vardir?

5) 36 kisilik bir turist kafilesinde yolcularm bir kismi Ingilizce ve Fransizca
dillerinden birini biliyorlar. Bu turistlerden 19 kisi ingilizce, 24 kisi Fransizca, 10
kisi her iki dili de biliyorlar. Bu turist kafilesinde Ingilizce veya Fransizca bilmeyen

kac kisi vardir?
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APPENDIX B: TEST ON WORD PROBLEMS -POSTTEST (WPT2)

1y

2)

4)

5)

Bir meyve bahgesinde 13 elma, 16 armut ve 18 tane de kiraz agaci bulunmaktadir.

Bu meyve bahgesinde toplam ka¢ meyve agaci vardir?

45 kisilik bir turist kafilesindeki turistlerden 26 kisi Almanca, 23 kigi de Fransizca
bilmektedir. Her iki dili de bilen kag turist vardir?

Bir simftaki ogrencilerin 21 tanesi Hentbol takiminda, 13 tanesi Voleybol
takiminda yer almaktadir. Her iki takimda da oynayan 6 ogrenci olduguna gore bu

sinifin meveudunu bulunuz.

32 kisilik bir simfta ogrenciler ogle yemeginde tost veya sandviq yiyorlar. Tost

yiyenlef 18, sandvig yiyenler 20 kigidir. Yalniz tost yiyen kag kisi vardir?

42 kisilik bir sporcu kafilesinde bazi sporcular tenis ve hentboldan birini
oynuyorlar. Bu sporculardan 17 kisi tenis, 28 kisi hentbol, 15 kisi her iki oyunu

oynayabiliyor. Bu sporcu kafilesinde tenis veya hentbol oynamayan kag kigi vardir?
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APPENDIX C: RETENTION TEST ON WORD PROBLEMS (R-WP)

1) M={10’dan kii¢tik dogal sayilar}
N={3’iin 10°dan kugiik dogal say: katlari}
T={7’den kiigiik ¢ift dogal sayilar} kiimeleri veriliyor.
T-(M~N)  kiimesinin elemanlan asagidakilerden hangisinde dogru olarak

verilmigtir?
A) {2,4,6} B) {1,5,7}
C) {1578} D) {42}

2)  s(B-A)=4, s(4uB)=13, s(4-B)=2 ise s(A~B) kiumesinin eleman

sayist kagtir?
A) 1l B)7
)9 D)2

3) Bir siniftaki ogrencilerin her biri Almanca veya Fransizca dillerinden birini
bilmektedir. 12 6grenci Almanca, 10 dgrenci Fransizca ve 4 pgrenci hem Almanca

hem de Fransizca bildigine gore bu simifia kag ogrenci vardir?

A) 26 B)18
C) 14 D) 20

4) 20 kisilik bir toplulukta, 8 kisi flit, 10 kisi keman galabiliyor. Bu grupta 4 kisi ne

fliit ne de keman calabildigine gore, her iki enstriimant ¢alan kag kisi vardir?

A)6 B)8
C)2 D)3



5) Yandaki semada bir grup 6grenciden tenis veya gitar E
kursuna gidenlerin sayis1 belirtilmistir. Buna gore T G
asagidaki bilgilerden hangisi dogrudur?

2

6)

7)
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A) Tenis kursuna gidenlerin sayisi gitmeyenlerin sayisina egittir
B) Kurslardan en gok birine giden 14 6grenci vardir
C) Kurslardan en az birine giden 17 6grenci vardir

D) Gitar kursuna gitmeyen 8 dgrenci vardir

K={Simfimizdaki kiz dgrenciler}
A={Simfimizdaki Almanca bilen dgrenciler}

F={Smfimizdaki futbol takiminda oynayan dgrenciler}

YVukarida verilen kiimelere gore “Simfimizdaki Almanca bilmeyen futbol

takimindaki erkek ogrenciler” ifadesi kiime islemleriyle nasil belirtilir?

A) (AUK)-F B) F—(AUK)
C) F-(AnK) D) (F~A)-K

24 kisilik bir grupta herkes resim veya yiizme kurslarindan birine gitmektedir. 13
kisi resim, 15 kigi yuzme kursuna gittigine gore, yalmz resim kursuna giden kag

kisi vardir?

A)9 B) 11
C) 4 D) 10

8) BAC=® ve ANC=0 olmak tuzere,

s(A)=14, s(B12, s(AnB)=5 ve s(AuBUC)=27 ise C kiimesinin eleman sayist

kagtir?

A)4 B)2
C) 1 D)6
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9) 38 kisilik bir gezi grubunda 20 kisi Ingilizce, 12 kisi Almanca ve 4 kisi de her iki
dili bildigine gore, en ¢ok bir yabanci dil bilen kag kisi vardir?

A) 34 B) 32
C) 28 D) 24

10) Hirriyet veya Milliyet gazetelerinden en az birine abone olan 60 kisiden 28’si

yalnizca Hurriyet, 24’0 yalnizea Milliyet gazetesine abone olduguna gore her iki

gazeteye abone olan kag kisi vardir?

A) 10 B)8
C) 12 D) 52



APPENDIX D: SAMPLES FROM STUDENTS’ SKETCHES AND

EXPLANATIONS FOR THEIR SOLUTIONS

Appendix D.1. Sample from Good Representer’s Interview

Soru 1:
42 Kisilik bir spor;:u grubunda 28 kisi hentbol, 17 kisi de basketbol oynayabilmakiedir. ¢ Kigi hem hentbol
hem de basketpol oynayabildigine gore ne hentbol ne de basketbol oynayamayan kag kigt varair”?
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Soru 2:

Ankara'dan istanbufa 3 ginlik gezi igin ogrenciler gelmustir. Her gln saraylara, camilere ve Kulelerg
gitmek isieyenter igin Ug ayn grup olusturuimaktadir. Buna gbre bir kisi ginde vainizea bir grup olmak
zere istedidi bir gin herhangi bir gruba katilabilis. Ayrica her brr pgrenc icin en farls & dedigik olasiik
vardir: yalniz saraylara gidebilir, yalniz saraylara ve camilere gidebilir, tim eseriere gidebilir, vb.

Gezi programunda yer alan eser et ve aserier asafida verilmigtir,

T T 7

| Saraylar | Camiter ' Kujeler |
i i i

z i f ;
| Topkapt Saray! : Sultanahmet Cami : Kiz Kulesi \
Yidiz Ssrayt | Suieymaniye Cami i Gaiata Kules: i

{ Doimabshge Sarayt : Cinilt Cami ‘.

J

| Beylerbey: Saray !

Geziye katian ofrenciler arasinda Murat. Ceren, £zgi, Sehm, Meltern, Umut ve Hakan da butunmakiadi

Her biri Gg gunitk pezi sonunda en az bir gezi grubunun icinde ver almigiardir. Ve her birt icin yalnizea bir
slasilik sdz konusudur: Bu yedi 6drenciden yalnizea bin t0m eseriere, yainizca biri hem kulelere hem de

camilere, vs. gitmistir

Buna gore, asafda verilen bilgiler dogruitusunda Ceren'in hangi tor{lerydeki eserien ziyaret etigini
hulabiir misiniz?
s [ eyl
_HEkan her g trdeki gezi gruptanna katimistir, — 740 L=l
Meliern: - Kiz Kulesinden Istanbut'u seyretrmek glzeldi. — <524 af
_Urnut hen Suitanahmet Cami'ye ham de Gatala Kulesine gitrostir. _
Murat; - Ne Cinifi Cami'ye ne de Kiz Kulesi'ne gittim. — ¢ SR

Ezgi Beylerbeyi Sarayi'na giden grup igindedir. _ =

& e d
. .
car s d S
T -~ ,“ =
R
% o
PRV agts




49

I: Nasil ¢ozdugini anlatir misin?

GR: Once bir universal set ¢izmek zorundaydim giinkii hig oynamayanlari soruyordu.
Biitiin universal seti bilmem benim i¢in gok biyiik bir avantaj oldu. H kesigim B kimesi 9

kigi, demek ki 26 kisiyse... sirf hentbol oynayanlar 17 kisi.

I: Evet.

GR: Basketbol oynayanlar 18 kigi. 17, 9 ve 8’1 -pardon basketbol oynayanlar 8 kisi, 17, 9
ve 8’1 topladim, 34 kisi ve 42’den de 34’1 gikardim 8 kisi.

I: Tamam, tesekkiirler, simdi ikinci soru icin ne disiindiin anlatir msin?

GR: Dugiindiim ben ve sadece iki olasilik buldum: sadece camiler olabilir ya da saraylar

ve kuleler olabilir ¢iinkii bunlara hi¢ kimse gitmedi.

GR: Tim eserlere bir kigi katilmistir, bunu atabiliriz (her tgiiniin oldugu segenegi eliyor).
«“Kqz Kulesi’nden Istanbul’u seyretmek giizeldi” diyor, sirf kuleler, bunu da attim. “Umut
hem Sultanahmet Cami’ye hem de Galata Kulesi’ne gitmistir”, camiler ve kuleleri de
attim. Murat ne camiye ne de kuleye gitmis, o da saraylara gitmis.

I: Sadece saraylara gitmis degil mi?

GR: Ezgi de sadece saraylara gitmis. Demek ki yine iki olasilik kaliyor ya sadece camiler

ya da saray ve kuleler.

I: Tesekkirler.



Appendix D.2. Sample frem Good Representer’s Interview

Soru i
42 gsilik bir sporcu grubunda

nem de basketbol oynayabildidine g

Soru 2:
Ankara'dan lgtanbufa 3

gitmek isteyenler igin Ug ayn
{izere ictedigi bir gin herhangi bir gruba katiabi
vardir. yainiz saraylara gidebilir, yalniz saraylara ve cami

26 kisi hentbol, 17 Kigi de baskethol oyrayabilmeidtedir. © kisi hem hentbol

b 1
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A
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8re ne hentbo! ne de basketbol oynayamayan kag Kigt vardir?

ok ez igin ogrenciler gelmistir. Her gun saraylara, cemiiere ve kulelere

grup olustunitmaktatic. Buna gore bir kigi ginde yalnizea
ir. Aynica her bir ogrenci igin en farla 8 dedisik olasiiik
lere gidebilir, tim eserlere gidebifir, vb.

bir grup oimak

Gezi programinga yer alan eser tirler ve eserler asafida verimistic.

[U——

|
¢ Saraylar

|

1

|
|

i
'; Camiler ! Kuisier
i
s |
. - i ) : i, .
| Topkapt Saray! | Sultanahmet Cami Kz Kulesi
| Yiidiz Saray { Soleymanive Cami | Galata Kulesi
i Dolmabahse Saray! | Cinili Cami

. Beylerbeyi Sarayl
!

|

|

|

[ S

Gezive katilan birenciier arasinda Murat Ceren, Ezgi, Selim, Meltem, U
Het biri {ig glniitk gezi sonunda en az bir gezi grubunun icinde yer almiglardir. Ve har biri igin yalnizea B

olasiik stz konusudur: Bu yedi

camilere, vs, gitmistir

" Buna gbre. asajida verilen biigiler

butabilir misiniz?

Hakan her (¢ tirdeki gezi gruplanna katimistir.
Meltem: - Kiz Kulesinden lstanbul'u seyretmek glzeldi

Umut hem Sultanahmet Cami'ye hem de Galata Kul

Murat - Ne Cinili Cami'ye ne de Kiz Kulesine gittim,
7gi Beylerbeyi Saray!'na giden grup igindedir.

Garenciden yalrizea bist tim eserlere, yalnt

dogrutusunda Ceren'in hangi tlr(ler)deki eserler ziyaret

-~ PR

esi'ne gitmigtir.

mut ve Hakan da butunmaktadin,

»ca bir hem kulelere hem de

ettigini
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1: Nasil ¢ozdugina anlatir misin?

GR: Once verilenleri yazdim. 9 kisi hem hentbol hem de basketbol oynuyormus. Yalniz
hentbol oynayanlar1 bulmak igin 26’dan 9’u yalmz basketbol oynayanlar: bulmak icin de
17°den 9’u ¢ikardim. Daha sonra birlesimi buldum, 17, 9 ve 8’1 toplayarak. Ne hentbol ne
basketbol oynayanlari bulmak igin de 42’den 37°yi ¢ikardim ve 5 buldum.

I: Tamam, tesekkiirler, simdi ikinei soru igin ne diigindiin anlatir misin?

GR: Once ii¢ grup oldugu igin saraylar kuleler ve camiler kiimeleri segtim verilen bilgilere

gore kigileri yerlestirmeye caligtim.

GR: Hakan tim eserlere gittigi icin onu ti¢ kiimenin de kesigimine koydum. Meltem Kiz
Kulesi’ne gitmis onu kulelere koydum. Umut hem Sultanahmet Cami’ye hem de Galata
Kulesi’ne gittigi igin onu cami ve kulenin kesisimine, yalniz kule ve cami kismina yazdim.
Murat ise ne camiye ne kuleye gitmis demek ki yalnizca saraylara gitmis onun igin onu
buraya yazdim. Ezgi de saraylara gitmis onu da buraya yazdim. Onun i¢in Ceren yalnizca

saray ve camilere gitmistir.

I: Peki, tegekkiirler.
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Appendix D.3. Sample from Good Representer’s Interview

Soru 1:
42 kisiiik bir sporcy grubunda 26 kisi hentbol, 17 kisi de pasketbo! oynayabitmektedir. 8 kisi hem hentbol
hem de bgsk;:g?o\ p}f?ayabié figine gbre ne hentbol ne de basketbol oynayamayan kag kigt vardir?

™
i had i
[

Soru 2:

Ankara'dan istanbula 3 glnlik gszi icin ojrenciler geimistir. Her atn saraylare. camilere ve kuleiers
gifmek isteyenier icin Oz ayn grup olusturuimaktadir, Bura gare bir kisi glnde yalnizca bir grun oimak
(zere istedigl bir giin herhangt bir gruba kauiabiliry. Aynica her bir Ggrenc: icin en fazia 8 defisik olasihk
vardi: vainiz saraylara gidebiiir, yainiz saraylara ve camilere gidebific, tim eseriere gidebilir, vb.

Gazi programinda yer aian eser tarlen ve eserigr agadiga venkmislr.

Saraviar Camiler | Kuleler
,‘\ ‘
| Tookep: Sameyt - Suitanahmet Cami Kz Kulesi
| Yitciz Saray | Stieymaniye Cami | Gatate Kulest
{ Dalmabahce Saray: | Cinili Cami :

| Beyierbayi Saray) ; |

Geriye katlan ogrenciler arasinda Murat. Ceren, Ezgi. Ssim, Meltem, Umit ve Hakan da bulunmaktadir.
Hexnt biri g gOniik gezi sonunda en &z bir gezi grubunun iginde yer aimsiardir. Ve her biri igin yalnizea bir
slasiik séz konusudur Bu yed Ggrenciden yalnizoa bin tom esertere, yalnizca bir hem kulelere hem de
camilere, ve. gitmigtir

Buna gore, agajida venlen bilgiler dogrultusunda Cerenin hangt tur(ierjdeki eserlen ziyaret efligint
bulahilir misiniz?

siakan her Og trdeki gezi gruplanna katitmushr
Meltem: - Kiz Kulesi'nden istanbul’'u seyretmek glizetdi.

Umnut hem Sultanahmet Cami'ye hem de Galata Kuiesi'ne gitmighr
NMurat; - Ne Ginili Cami've ne de Kiz Kulesi'ne gittim.
Ezgi Beylerbeyi Sarayi'na giden grup icincedir.
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I: Nasil ¢ozdugunil anlatir misin?
GR: Soruyu okuyayim dnce. (Birinci soruyu okur.)

GR: Ben burada kiimelerle diigiindiim. Hentbol ve basketbol oynayanlari kesigimli kiime
yaptim. 9 kisi ikisinde de oynadift i¢in onu ortaya koydum. Bir tane de universal set

yaptim o da 42 kiginin bulundugu kiime oldu.

GR: Simdi toplam 26 kisi hentbol oynayabiliyor diyordu bunlarin 9°u hem hentbol hem
basketbolda oldugundan 9’u ¢ikardim, kalan sirf hentbol oynayan oldugundan kimede

yerine koydum. Ayni iglemi basketbolcular i¢in de yaptim.

GR: Ondan sonra toplam kag kisinin oynadigt burada gorildi. 17, 9 ve 8’ topladigimda
kag kiginin oynadigim buldum. Bunu da toplam kisi sayisindan cikardiginda 8 kisi kalds,

bu da oynamayanlar.
I: ikinci sorunun ¢oziimiinii agiklar misin?

GR: Burada toplam 7 kisi var ve bunlar 8 degisik gezinin oldugu bir programa katiliyorlar
ve hepsi bu gezi programlarindan en az bir tanesine gidiyorlar. Ben ashinda 8. tirun ne

oldugunu bulamadim.

I: Higbiri. Aslinda basta 8 degisik segenek oldugunu soylityor ancak ondan sonra bunlar en
az bir tanesine gitti diyor. Onun icin burada 8 segenek yok aslinda, 7 kisi i¢in 7 secenek

var.
GR: Iste 7 segenek kalinca 7 kisi oldugunda her birinin bir boyle ayirdigim gruplara
gittigini dusiindim. Elimden geldigince gruplamaya galistim, tam olmadi. Cunka iki

kiginin tam ortasinda kaldim.

I: Aslinda kesin bir cevap yok. Ama kesinlikle su-suradadir dedigin birileri var m1?
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GR: Meltem: yalniz kuleler, Umut: kule-cami; Murat: yalmz saray, Hakan burada dedigi

gibi her giine, ezgi’den emin degilim ama saray-kule diye diagtundiim.

1I: Buna gore Ceren ne olabilir?

GR: Hem Ceren hem Selim kaldi, hangisi oldugunu bilemiyorum. Ama Ceren yalnizca

camilere ya da camiler ve saraylara gidebilir.

I: Tesekkiirler.



Appendix D.4. Sample from Good Representer’s Interview

Soru 1:
42 kisilik bir sporcu grubunda 26 kisi hentbol, 17 kigi de baskethol oynayabiimektedir. 9 kigi hemn hentbol

hemn de basketbo! oynayabildidine gére ne hentbol ne de basketbol oynayamayan kag kigi vardir?

{
i
i
i
i
;

. BT — Y

Soru 2:
Ankaradan Istanbul'a 3 ginlik gezi igin dgrenciler gelmighr. Her gin saraylara, camilere ve Kulelere

g‘;tmek. istey‘e.n!er icin (g ayn grup ciusturuimaktadir, Buna gore bir Kisi gunde yalnizca bir grup olmak
{izere istedigi bir gln herhangt bir gruba katilabilir. Ayrica her bir bdrenci igin en fazia 8 deZisik olasibk
vardir; yainiz saraylara gidebilir, yalmiz saraylara ve camilere gidebilir, tom eseriere gidebilir, vb.

Geri programinda yer alan eser tisleri ve eserier agadida venimiglir,

E , ]

Saraylar Camiler Kuleler |
:

E

x

Topkap: Sarayt Sultanahmet Cami Kiz Kulesi |
Yildiz Saray | Stleymaniye Cami Galata Kules 1
Dolmabahce Sarayi I Cinifi Cami
Beylerbeyi Sarayt |
i J

arasinda Murat, Ceren, Ezgi, Selfim, Maltem, Umut ve Hakan da bulunmaktadir,
r almiglardir. Ve her biri igin yalnizca bir
jere, yalnizca biri hem kulelere hem de

Geziye katlan direnciler
Her biri g ginlok gezi sonunda en az bir gezi grubunun iginde ye
plasiiik &z konusudur: Bu yedi dfrenciden yalmzea biri 1m eser
camilere, vs. gitmistir

Buna gére, asafida verilen hitgiler dogruliusunda Cerenin hangi tur(ler)deki eserieri ziyaret ettigini
bulabilir misiniz?

Hakan her {¢ tirdeki gezt gruplanna katimigtir.

Meltern: - Kiz Kulesi'nden istanbul'u seyretmek glzeldi.

Umut hem Sutanahmet Cami'ye hem de Gatata Kulesi'ne gitmisgtir.
Murat; - Ne Cinili Cami've ne de Kiz Kulesi'ne gittim.

Ezgi Beylerbeyi Sarayt'na giden grup igindedir.

55
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I: Nasil ¢ozdiigiini anlatir misin?

GR: Once bunlan kiimelere yerlestirdim. Ondan sonra ortak olam ikisinden de cikardim
sadece hentbol oynayan ve sadece basketbol oynayanlar1 buldum. Bir de bunlarin dislnda |
oynamayan birkag kisi sordugu igin bir universal set de yapmamiz gerektigini dasindam.
ikisini ¢ikarinca sif hentbol oynayanlar, sirf basketbol oynayanlar bir de ikisini

oynayanlart topladim. Bunlarin toplamlarmi da grubun sayisindan ¢ikardim.

I: ikinci soruyu anladin m?

GR: Cok kangik.

I: Humm... ¢ok kangik! Biraz anlatmaya ¢aligayim. (Soruda verilen bilgiler dzetlenir.)
GR: Himmm, tamam. “Meltem: Kiz Kulesi’nden istanbul’u seyretmek giizeldi” diyor
demek ki kuleler grubuna katildi. Umut hem Sultanahmet Cami’ye hem de Galata
Kulesi’ne gitmis.

Murat saraylara gitmis, Ezgi de bu grup i¢cindeymis. Buna gore (biraz dastindr),

GR: Her igiine gitmis olamaz. O zaman ya saraylar-camiler ya saraylar-kuleler ya da kule-

cami.
GR: (Tekrar kontrol ediyor.) Bunu (kule-cami) gikartacagiz ¢iinkii Umut gitmistir.
I: Tamam mi1?

GR: Evet, bu kadar.
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Appendix D.5. Sample from Good Representer’s Interview

Soru 1
42 kigilik bir sporcu grubunda 26 kigi henthol, 17 kigl de basketbol oynayabitmekiedir. § kisi hem hentboi
hem de basketbol oynayabildijine gore ne hentbol ne de basketbol oynayamayan kag kisi vardir?

L2 bis

Soru 2:

Ankara'dan Istenbul'a 3 gunlik gezi igin Bgrenciler gelmigtir. Her giin saraylara, camilere ve kuielere
gitmek isteyenier igin Ug ayn grup olusturimaktadir. Buna gore bir kisi gunde yalnizea bir grup olmak
Gzere istedigi bir gin herhangi bir gruba katilabilir. Ayrica her bir 8grenci icin en fazla 8 defiisik clastiik
vardir: yalniz saraylara gidebilir, yalniz saraylara ve camiere gidebilir, ttm eserlere gidebilir, vb.

Gezi programinda yer alan eser tirieri ve eserler agafida veriimigtir,

Saraylar Camiler Kulgler -~ v\ Vo Monteo -

. r o i ‘, e ";
Topkap! Saray! Sultanahmet Cami + Kiz Kulest » ~ Lo ) ~
Yildiz Sarayt Shieymanive Cami Galata Kulesiv S VRS Yohedal o ST
Dolmabahge Sarayt . | Ginili Cami 7 '
Beylerbeyi Saray! .

Gerive katilan ogrenciler arasinda Murat, Ceren, Ezgi, Selim, Malter, Umut ve Hakan da bulunmaktadir.
Her biri Gig gUnlik gezi sonunda en az bir gezi grubunun iginde yer almiglardir. Ve her biri igin yalnizca bir
olasilik sdz kenusudur, Bu yedi 6grenciden yalnizea birl tim eserlere, yalnizca biri hem kulelere hem de
camilere, vs. gitmigtir

Bunaz gbre, agafida verilen bilgiter dodrultusunda Ceren'in hangi tir(ler)deki eserleri ziyare! ettigini
bulabilir misiniz? ' :

Hakan her {ig tirdeki gezi gruplanna katimsghr, Woheher w8 T
Meltem: - Kiz Kulesi'nden Istanbul’u seyretmek gield:.
Umut hern Suitanahmet Cami'ye hem de Galata Kulesi'ne gitmigtir. Cenel a2l

Murat, - Ne Cinili Cami'ye ne de Kiz Kulesi'ne gitim. o .
Ezgi Beylerbayi Sarayina giden grup igindedir. T b Oy, oLy
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I: Nasil ¢ozdiiganu agiklar misin?

GR: Ik basta verilenleri siraladim. Ve hentbol grubuna gidenler, basketbola ve her ikisine
gidenler ve de higbirine gitmeyenleri sormustu. Basketbol ve hentbola gidenleri topladim
ama verilen kisi sayismmdan daha fazla ¢ikiyordu. Bu yiizden ikisinde de ortak hem
basketbola hem de hentbola bu 43 kisiden ¢ikardim 34 kisi kalmist: ve 42 kisilik grupsa 42
kisiden 34’1 gikararak 8 kiginin higbirine katiimadigin buldum.

I: Tamam, ¢ok giizel.

I: Tkinci soru igin neler diigiiniiyorsun, bazi notlar almigsin.

GR: Buna gore daha zordu ama bir mantik yuriittiim. Zaten bir kisi hepsine gidebiliyordu
bu da Hakan’di. Meltem sadece kulelere, Umut kuleler ve camilere, Ezgi de sadece
saraylara gitmistir.

I; Murat’1 tekrar okur musun?

GR: Ha yanlis okumusum! Murat ne Cinili cami’ye ne de Kiz Kulesi’ne gitmistir.

I: Nereye gitmigtir 0 zaman?

GR: Saraylara.

I: Yalmizca saraylara!?

GR: Buna gore Ceren’in nereye gittigini sormustu. Zaten sekiz tane secenek oldugunu

soyliiyordu. Ona gore bazilar olabilirdi ama kuleler ve camiler, sadece camiler, sonra

saraylar ve camiler olabilir, bu g secenek.



Appendix D.6. Sample from Good Representer’s Interview

Soru 1:
42 Kiglik bir sporcu grubunda 268 kisi hentbal, 17 kisi de basketbol oynayabilmektedir. @ kisi hem hentbol
hem de basketbol oynayabildigine gore ne hentbol ne de basketbol oynayamayan kag Kist vardie?

. . A
i A LT
1“:\ o n =
o = 2 J P
AT ﬂ\ —— -
¢ \ 2 T = L i B i
I & LTy — P ; ot
POy T I :
NG 4
\ S 0 M

Soru 2:

Ankara'dan lstanbuls 3 glnilk pesi igin dfrenciler gelmustir. Mer gin saraylara, camiiere ve kulelere
ghmek isteyenler igin g ayn grup olustuntimakiadis, Buna gore b kigi glnde vainizea bir grup olmak
zere istedidi bir gin herhangi bir grubz katiabilit. Ayrica her bir ogrenc icin en fazia 8 defisik olasilik
vardir yainiz sarayiare gidebilir, yalniz saraylara ve camiiere gidebilir, tim eserlere gidebilir, vb.

Ger] programinds ver alan eser thderi ve eserler asagida venhmistir.

! |

| Saraytar 5 Camiler Kuleisr

i

1 ; ;

! . ) ; . !
i Topkap Saray! i Sultanahmet Cami 1 Kiz Kules) i
Yildiz Saray : Shisymaniye Cami | Galata Kulest
| Dolmabahce Sarayi . Cinili Cami : :

Beyiarbayi Saray) i
i ;

(ezive kaulan agrenciler arasinca Murat, Ceren. Ezgi Seiim, Maltem, Umut ve Hakan ¢z bulunmakadir,
zca bir

Her hiri D6 gintik gezi sonunda en az bir gezi grubunun icinde yer aimigardir Ve her bif igin yain
o g ? g G ¢ Y B e Gy
olasilik siz konusudur, Bu vedi &jrenciden yainizea bin tim esertere. valnizce biri hem kulelere hem de

carnilere, vs. gitmigtir
Buna gore, asafida verilen bilgier dogruttusunda Ceren'in hang tur{lerdeki eserlgr zivaret ettigine
bulabilir misiniz?

Makan her (g tlrdeki gezi grupianna katimigtin,

Meltern: - Kiz Kulesinden istanbul'u seyreimek glzeldi

Urmut hem Sultanahmet Camive hem de Galata Kutesine gitmistir.
Murat: - Ne Cinili Sami'ye ne de Kiz Kulesine gitim.

Ergi Beylerbey: Saray:'na giden grup igindedir.

{
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E: Nasil ¢6zdiigina anlatir misin?

GR: Once burada hem hentbol hem basketbol oynadigini sdylityor. Onun igin ikisinde de
yalniz hentbol ve yalniz basketbol oynayanlari bulmak igin 9’u gikardim ikisinden de.

Daha sonra ¢ikan sonuglarla, hem hentbol hem basketbol cynayan kisi sayisini topladim,
normal kisi sayisindan ¢ikardim ve 8 buldum.

I: Evet, ikinci soruyu anlayabildin mi?

GR: Tam olarak degil, ama...

I: Ne anladigim bana anlatir misin?

GR: Ug ginlik gezi igin 6grenciler gelmis, bunlar saraylara, camilere ya da kulelerden

birine gidecekmis, yalmz bunlardan bir tanesine gidiyorlarmis.
I: Her giin bir tanesine...

GR: Evet, her giin yalnizca bir tanesine... Burada 8 tane ayri ayr ogrenciler vermis, sonug
olarak Ceren’in hangisine gittigini 6grenmek istiyor. Burada ayr ayri yorumlar vermis.

Yorumlara gore gounun nereye gittigini bulabiliriz

I: Mesela Hakan her i tirdeki yerlere gittigine gore Hakan disinda 3 yere birden giden

yok, onun igin Ceren tgiine gitmigtir diyemeyiz.
GR: Evet, burada verilen diger bilgileri eleyerek bulacagim.

GR: Burada yalniz biri tim eserlere gitmig diyor onun igin bunu eleyebiliriz. Sadece bir
hem kulelere, hem camilere gitmis. Meltem burada Kiz Kulesi'ne diyor ama cami
hakkinda bir sey demiyor. Ama Umut hem Galata Kulesi’ne hem de Sultanahmet Cami’yi

gezdigine gore hem kuleye hem camiye gitmistir; onu boyle bulurum.
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GR: Meltem sadece kuleleri gezmis. Murat saraylari gezmis, giinkii ne Cinili Cami ne de
Kiz Kulesi’ne diyor.

I: Istersen soylediklerini not al.
GR: (Not alarak) 8 kisi diyor ama burada 6 kisi var bir de Selim 7 kis!
I: Hepsi hakkinda bilgi vermemis.

GR: Hakan: hepsi, Meltem: kuleler, Murat: saraylar, Umut: camiler ve kuleler, Ezgi:

yalmizca saraylara ¢iinkii Beylerbeyi saray1...bagka bir sey soylememis.

I: Ama simdi Murat da sadece saraylar, Ezgi de sadece saraylar olamaz degil mi?

GR: Evet, demek ki bagka bir yer de olabilir.

GR: Elimizde bir de Ceren ve Selim kaldu.

I: Peki elinde hangi segenekler kaldi? Ceren nerelere gitmis olabilir?

GR: Ceren simdi cami ve saraylara gidebilir, camilere, saray ve kulelere olabilir, bu kadar.

I: Tesekkiirler.
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Appendix D.7. Sample from Average Representer’s Interview

Soru 1:
42 ki;%:lﬁk’ bir Sportuy grubuqda 25 Kisi hentbol, 17 kisi de basketbo! oynayabilmekiedir. ¢ kisi hem hentool
hem de basketbol oynayabildigine gire ne hentbol ne de basketbol oynayamayan kag iigi vardir? (W
e 1 —~ \ s
1% 3 2
o |5 ;
H ! J 3 ‘} ;‘\.
i i g’xz,ga
{ 5:}:&:'5; =
! I hendbo!
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Ankara'dan lstanbua 3 giniik gezi icin ofrenciler gelmistir. Her gbin saraylara, camilere ve kulelere
gitmek isteyenier igin Ug syn grup olusturulmakiadir. Buna gbre bir kigi ginde yaimizoa bir grup olmak
Gzere istedigi bir ghn herhangt bir gruba katitabilir. Aynica her bir ddrenci igin en fazla & dedisik olasiik
vardir: yalniz saraylara gidebilir, yalniz saraylara ve camilere gidebilir, tim eseriere gidebitif, vb.

Gezi progreminda yer alan eser tireri ve eserier asafida verimighir,

Saraylar Camiler Kuleter

|
Topkap: Saray Sultanahmat Cami Kiz Kulesi l
Yiidiz Sarayi Sihleymaniye Cami Galata Kulesi ]
Doimabahge Saravi Cinili Cami 5
Beylerbeyi Saray! ;

Gerziye katilan Sjrenciler arasinda Murat, Ceren, Ezgl, Selim, Meltem, Umut ve Hakan da bulunmaktadir,
Her biri O¢ gGniOk gezi sonunda en az bir gezi grubunun iginde yer aimislardir. Ve her biri igin yalmzca bir
itk s5z kenusudur By yedi Sgrenciden yalnizea bini tim eserlere, yalnizea bin hem kuielere hem de

camilers, vs. gitmigtir

Buna gore, agafida verilen bilgiler dogruitusunda Ceren'in hangi tor(ler)deki eserien ziyaret ethgini \ .

buiabilir misiniz? CCR{ i'_’)\w‘\\ ond =) Uigehy
. - - . i \_"\‘ »\—‘)—\/“ f‘\é‘\"\i’{

Hakan her (¢ thrdeki gezi gruplanna katimigtir, \\Jm TSIV Al el AN

Meliem: - Kiz Kulesi'nden istanbul'u seyretmek glzeldi. Vo=l

sigmwt hem Sultanahmet Cami'ye hem de Galata Kulesi'ne gitmigtir. 1 LiAte %

dusa - Ne Cinili Cami'ye ne de Kiz Kulesi'ne gitim. — GroeAl~
Ezgi Beylerbeyl Barayi'na giden grup igindedir. v

(eren Sadece  Censiler TRl Al
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I: Nasil ¢ozdigiini anlatir misin?

AR: Simdi, toplam 42 kisilik bir sporcu grubu‘oldugunu soyliiyor. Onlardan 26 kisi
hentbol oynuyor, bunlar iginde hem basketbol oynayanlar da var. 17 kisi de basketbol
oynayabilmektedir diyor. 9 kisgi hem hentbol hem busketbol oynayabilmektedir diyor. Bu 9
kisi iki tiirde de oynadigi igin yani bu 9 kisi hem hentbol hem de basketbol oynayabildigi
icin hem hentbol grubuna koymuslar hem de basketbol grubuna koymuslar.

AR: Bu nedenle sadece hentbol oynayan kisiyi bulmak i¢in de 26°dan 9’u ¢ikartryorum.
Yani 17 kisi sadece hentbol oynuyormus. Basketbol oynayanlardan da yani 17°den de 9’u
cikarttim, 8 buldum, yani 8 kisi de sadece basketbol oynuyor. Sonra sadece hentbol
oynayanlari sadece basketbol oynayanlari ve ikisini de oynayanlari topladigimda 34
ediyor, yani bunlar bir sekilde bir sey oynuyorlar. Ondan scnra biitiin sporcu grubundan

toplam kisiyi ¢tkardigimda 7 kisiyi yani higbirini oynamayanlari buldum.
I: Ikinci soru i¢in ne diigiiniiyorsun?

AR: Biraz garip.

I: Genel olarak sorudan ne anladin, soruda ne anlatilmak isteniyor?

AR: Genel olarak pek bir sey anlamadim. Hangi konuya girdigini anlayamadim: kiimelere

mi giriyor, neye giriyor?
I: Aslinda bu soru bulmaca, mantik sorusu gibi. ..
AR: Haa, aslinda mantik oyunlarin ¢ozityorum ben, ¢iziyorum da..

I: Yani mantik oyunu gibi distn: 3 giinliik bir gezi var, gezi boyunca saraylara, camilere
ve kulelere gidiliyor. Her giin bunlara giden gruplar olusturuluyor. Mesela sen herhangi bir
giin saraylar grubuna katildiginda o giin burada yazilan tim saraylara gidiyorsun ve o gin
bagka hicbir yere gitmiyorsun. Ug giin sonunda bu gruplarin hepsine de katilmus olabilirsin,

yalnizca saraylar grubuna da katilmig olabilirsin veya higbirine katilmazsin.
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I: Burada bazi 6grenciler verilmis, bunlar bu gezi gruplarindan en az birine katilmis, ama
her biri farkl gezilere katilmiglar: Mesela Hakan her iig tirdeki gezilere de katilmis, Hakan
diginda bu 6grencilerden higbiri her iig geziye de katilmamus. Bunu gibi verilen bilgilerden
yola gikarak Ceren’in hangi tirdeki gezilere katildigini bulabilir misin?
I: Istersen kiimeleri de kullanabilirsin bu sorulari ¢ozmek igin.
AR: Ben onu kullanmayacagim, eleyerek yapacagim.

I: Tamam, eleyerek yap o zaman.

AR: (Bir siire sonra) Peki soyle bir sey oluyor mu: Meltem Kiz kulesi’ne gitmigse Ceren

de gidebiliyor mu?

I: Gidebilir, ama Meltem sadece kulelere gitmigse Ceren de sadece kulelere gitmj1§ olamaz.
AR: (Bir siire sonra) Peki saraylardan bir tanesine gidip, camilerin hepsine gidebilir mi?

I: Hayir. Saraylar grubuna katildiginda tim saraylara gidiyorsun.

AR: Saraylara gitmenin belli bir sayist yok mu? Mesela Hakan, Meltem, Umut ve

Murat’m birlikte saraya gitme ihtimali yok mu?

I: Belli bir say1 yok ama verilen bilgilerden yola kimlerin saraylara gitmis olabilecegini

kimlerin gitmedigini belki bulabilirsin.
AR: Surada bir tablo olsayd: daha kolay olurdu.
I: istersen gizebilirsin.

AR: Sadece tahminde bulunabilecegim: Ceren sadece camilere gitmistir.



Appendix D.8. Sample from Average Representer’s Interview

Soru 1
42 kisilik bir sporcu grubunda 28 kisi hentbol, 17 kisi de baskatbol oyniayabilmektedir. 8 kisi hem hentbd!

hem de basketbol oynayabildifine gore ne henxbal ne de basketbo! oynayamayan kag kil vardir’?

Soru 2

ankara'dan istenbula 3 gonidk gexi igin 6grenciler gelmistin. Her glin saraylara, camilere ve Kulelere
gitmek isteyenler igin Ug ayn grup oiusturutmaktadir. Buna gbre bir kigi gunde yalnizea bir grup olm ai’
(zere istedid bir gln hez“ ir aruba katilabilir. Ayrica her bir 6grenci icin en faziz & dedisik ojasilik
vargir, yalniz saraylarn yal ﬂn.. saraylara ve camilere gidebllir, tim ase riere gidebilir, vb.

Gezi programinga yer alan eser tirler ve eserler asajide veritmistin,

a a
Saraylar | Camiler | Kuteler :
i : i
| i i
‘ | ; :
| { ¢ . .
| Topkap Sarayt i Suttanahmat Cami Kz Kuiesi
; Yildiz Saray! ! | Sileymaniye Cami | Galata Kules:
- Doimabahge Saray! - Cinili Cami i ;
Baylerbey Saray: ! ! :
! | |
Geriye katilan dFrenciler arasmda Murat, Ceren, Ezgi. Safim, Meltem. Umut ve Hakan da bulunmaktadir.

Her biri G giinllk gezi sonunda en az bir gezi gr L,bun.m iginde yer a imisiardir. Ve her birl igin yainizoa bif
olasilik stz konusudur Bu yedi oarer‘ﬂ'osn yalmizea bin tm eseriere, yainizca nin hem kuleiere hem de
camilere, vs. gitmigtir

Buna gore, asafida veriien bilgiler dojruttusunda Ceren'in hangi tor(ierideki eserlen zivaret ettigini
bulabiiir misiniz’?

Hakan her Ug tUrdeki gezl G".Jm.a rina katifmistr,

helem: Nz Kulesi'nden Istanbul'u seyretmek glzeldi

Umut hem Sultanahmet Camr ye hem de Galata KUI&!S( re gitrmighir
Murat - Ne Cinili Cami've ne de Kiz Kulesine gitbm.

Ezgi Beylerbeyi Sarayi'na giden grup icindedir.
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I: Nasil ¢gozdugini anlatir misin?

AR: Once kiime problemi olduguna karar verdim ve iki tane kesisen kiime ¢izdim; bir
hentbol digeri basketbol. 26 kisi hentbol oynuyormus ama bu hentboldan kesigimi

¢ikararak yalniz hentbol oynayan kisileri buldum, 17, kesisime de 9 yazdim.

AR: Sonra basketbol oynayanlar da 17°di yine aym sekilde sadece basketbol oynayanlar

buldum, 9 cikardim, 8 kisi. Sonra oynamayanlari sordugu i¢in hepsini toplayip

tamamindan cikardim, 8 kisi.

I: ikinci soruyu anlayabildin mi?

AR: Biraz zor geldi.

1: Ben biraz agiklayayim. (Soruda verilen bilgiler dzetlenir.)

AR: Hu, tamam. Meltem, Kiz Kulesi’ne, Umut camiye, Murat da camiye...

I: Murat camiye degil bak: “Murat: - Ne Cinili Cami’ye ne de Kiz Kulesi’ne gittim.” demis
AR: Haa, hicbirine.

AR: Ezgi saraylara gitmis.

I: Ceren’in gittigi yer hakkinda tahminde bulunabilir misin?

AR: Bence Beylerbeyi Sarayi. .. Ciinkii Hakan tigine gitmis, Meltem... yok bir dakika.
I: Ezgi Beylerbeyi Sarayima gitti.

AR: O zaman camiye gitmis olabilir, kuleye gitmis olabilir. Bence bu kadar.



Appendix D.9. Sample from Average Representer’s Interview

Soru 1:
42 kig&ig bir‘ SpOTCU grubun'da 25 kisi hentbol, 17 kisi de basketoo! oynayabilmektedir. 8 kigi hem hentbol
hem de basketbol oynayabildigine gore ne hentbo! ne de basketbol oynayamayan kag Kigi vardir?

Soru 2

L3

Ankare'dan istanbula 3 alinlik gezi igin Grenciier gelmistic Her gin saraylara, camilere ve kuielere
i

5lE) lig ayn grup olusturuimeaktadir, Bune gdre bir Kisi glinds yalmzcez bir grup olmak
{zere siedidl bir gan h@'raﬁos bir gruba katlabilir, Aynica her bir égrenci icin en fazia § dedisik olasiiik
vardir: yalniz saraylara gidebiiir, yalniz sarayiara ve camilere gidebilir, tim eserlere gidebitr, vb.

Gezi programinda ver alan eser tUrleri ve eserier asafida veriimistic

{ i
| Sa’ayzar . Camiier | Kuleler |
% » 5 "
j . [ S - i
 Topkapt Saray! i Sultanahmet Cami- \K.._ Kulest ~ i
iz Saran | Stisymanive Cami” : Gatata Kulesi -
| Dolrmabahee Saravi v ; Cinili Cami |

| Bevierbeyi Saray:
e Y Y

C‘ eziye katidan 6arenciler arasindz Murat, Ceren, £2g7, Sailirm. Meltern. Umut ve Hakan da bulunmaktadin

3T D 4" glrlik gezi sonunda en az bir gezi grubunun iginde yer aimt siardir. Ve her birl igin yalnizoe b
olasilik stz konusudur Bu yedi 8grenciden yaimzes Dl tim eserlere, vainizca Dm nem kuxe‘ere hem de
camilare, vs. gitmistir

Buna gore, asafda verilen bilgiler doJrultusunda Ceren'in hangi tOr{lerydeki eserlen ziyarel ettigin
bulabilir misiniz?

Hakan her [ tirdeki gezi gruplannz katimight

Meltem: - Kiz Kulesinden Istanbul'u seyretmek glizeld

Umut hem Sultanahmet Cami've hem de Galata Kulesi'ne gitmistir.
furat - Ne Cinili Cami'ye ne de Kiz Kuiesine githim.

Ezgi Bevierbeyi Sarayt'na giden grup igingedir.
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I: Nasil ¢ozdiigani anlatir misin?

AR: IIk basta kiimeler gizdim. 42 kisilik sporcu grubu oldugu igin evrensel kiime ¢izdim.
Sonra igine hentbol ve basketbol kiimesi ¢izdim. Sonra hentbol oynayanlardan hem hentbol
hem basketbol oynayanlari cikardim ve sirf hertbol oynayanlari buldum. Ayni seyi
basketbolda da yaptim. Sonra sadece hentbol oynayanlar, hem hentbol hem basketbol

oynayanlar1 ve bir de basketbol oynayanlari toplayip sporcu grubundan gikardim.
I: Tkinci sorunun ¢éziimii icin ne diigiiniiyorsun?

AR: Biraz zor, kangik. ..

I: Problemi anladin rm?

AR: Sayilir.

I: ...(Soruda verilen bilgiler 6zetlenir.)

AR: Ashinda kolaymis.

I: Peki nasil ¢ozebilirsin bu soruyu? Istersen sekil de gizebilirsin.
AR: Kafamdan yapsam, sekil ¢izmeden?

I: Peki sen nasil istersen dyle ¢oz.

AR: Cinili Cami kesin.

I: Peki neden oyle diigiinityorsun?

AR: Baska kimse oraya gitmemis.



Appendix D.10. Sample from Poor Representer’s Interview

Soru 1:
42 Kigilik bir sporcu grubunda 26 kigi hentbol, 17 kisi de bask:thol oynayabiimektedir. & kisi hem hentbol
hem de basketbol oynayabiidifine gore ne hentbol ne de basketbol oynayamayan kag kisi vardir?

. 13 Vi
; ij J (\j i
g B
! - J T

Soru 2:

Ankarzdan Istanbul'a 3 ginlitk gezi icin édrenciler gelmistir. Her gon saraylara, camilere ve kulelere
gitmek isteyenier igin (g ayn grup olusturuimaktadir. Buna gtre bir kigi giinde yalnizea bir grup oimak
{izere istedidi bir gin herhangi bir gruba kahiabilin, Ayrica her bir dgrenci igin en fazia 8 dedigik olasiiik
vardir: vainiz saraylara gidebilir, yainiz saraylara ve camilere gidebilir, tim eseriere gidebilir, vb.

Gezi programinda ver alen eser tirier ve eserler asagda vernimisgtir

!
Saraylar Camiler Kuleler i
Topkap: Sarays Sultanahmet Cami Kiz Kulesi i
Yildiz Saray Sileymaniye Cami Galata Kulesi i
Doimabahge Sarayi Cinili Cami |
Beylerbeyi Sarays i

Gezive katlan ofrenciier arasinda Murat, Ceren, Ezgi, Selim, teltem. Umut ve Hakan da bulunmaktadir.
Her birl G¢ ginitk gezi sonunda en az bir gezi grubunun iginde yer almislardis. Ve her biri igin yalnizea bir
olasthk stz konusudur: Bu yedi Sjrenciden valnizea bini tim eseriere, yalnizca biri hem kulelere hem de
camilere, vs. gitmigtir

Buna gore, asafida verien bilgiler dogrultusunda Ceren'in hangi tar(ler)deki eserleri ziyaret ettigini
butabilir misiniz?

Hakan her (¢ tOrdeki gezi gruptanna kabimigtir.

Meltem: - Kiz Kulesi'nden Istanbul'u seyretmek gizeldi.

Umut hem Sultanahmet Cami'ye hem de Galata Kulesi'ne gitmistir.
Murat - Ne Cinili Cami've ne de Kiz Kulesi'ne gitim.

Ezgi Beylerbeyi Sarayi'na giden grup igindedir.

&
ORI SEEAN LN L ¢

AP

—_— \ k‘f{ et ;"’:'» &1\ i"; 5

69



70

I: Nasil ¢6zdigini anlatir misin?

PR: Simdi burada 42 kisilik bir grup var. 26 kisi hentbol 17 kisi de basketbol oynuyor.
Burada énce kiimeyi yazdim. Ondan sonra 26’dan 9’u gikardim giinkii bunlar hem hentbol

hem basketbol oynuyor. 17°den 9’u ¢ikardim, topladim. Grubun mevcudu da 42, ondan
¢ikardim. 27.

I: Ikinci soruyu nasil ¢dzersin, soruyu anladin mi?

PR: Pek bir sey anlamadim.

I: Ben kisaca anlatayim. (Soruda verilen bilgiler dzetlenir.)
—Verilenleri yaziyor.

PR: Bulamiyorum.



71

Appendix D.11. Sample from Poor Representer’s Interview

Soru 1:

42 kiglhik bir sgomu grubunda 26 kisi hentbol, 17 kisi de basketbol oynayabilmektedir. & kisi hem hentbol
hem de basketbol oynayabildigine gore ne hentbol ne de basketbol oynayamayan kag kigi vardir?

-

Soru Z:

A_nka.ra‘dan istanbul’'a 3 ginlik gezi igin ogrenciler gelmistir. Her gin saraylara, camilere ve kulelere
gitmek isteyenier igin Ug ayn grup olusturuimaktadir. Buna gore bir kist giinde yalnizce bir grup olmak
lizere istedidi bir gin herhangi bir gruba katlabilir. Aynca her bir 6grenct igin en fazla & dedisik olasiik
vardir: yalniz saraylara gidebilir, yainiz saraylara ve camilere gidebilir, tim eserlere gidebilir, vb.

Gezi programingda yer alan eser tieri ve eserler asagida veriimistir.

Saraylar | Camiler Kuieler

Topkap! Saray Sultanahmet Cami =~ | Kiz Kulest . ;
Yildiz Saray Sieymaniye Cami - -— | Galata Kulesi ..
Doimabahce Sarayi . | Cinill Cami B
Bevlerbeyi Sarayr’ .

Geziye katilan ddrenciler arasinda Murat, Ceren, Ezgi, Selim, Meltem, Umut ve Hakan da bulunmaktadir,
Her biri g giinik gezi sonunda en az bir gezi grubunun iginde yer almislardir. Ve her biri igin yalnizea bir
olasiik sbz konusudur Bu yedi 6grenciden yalnizea biri tm eserlere, yainizca biri hem kulelere hem de
camilere, vs. gitmistir

Buna gore, agajida verilen bilgiler dogrultusunda Ceren'in hangi tor{ler)deki eserieri ziyare! etligini
buiabilir misiniz?

Hakan her (g tirdeki gezi gruplarina kabimighr,

Meltem: - Kiz Kulesinden Istanbul'u seyretmek glzeidi.

Umnut hem Sultanahmet Cami'ye hem de Galata Kulest'ne gitmistir.
Murat: - Ne Cinili Cami'ye ne de Kiz Kulesi'ne gittim.

Ezgi Beylerbeyi Sarayi'na giden grup igindedir.
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I: Nasil ¢ozdiigunii anlatir misin?

PR: Hepsini toplayip 42’den gikartacaktim, sonug 42 ¢ikt1.

I: Tekrar topla, bakalim.

PR: Himm, 52’ymis. O zaman 10 kigi.

I: Peki ikinci soruyu nasil ¢ozersin, sorudan ne anladigini anlatir misin?

PR: Aslinda pek bir sey anlamadim ama o kisilerin gittikleri yerleri “tik”ledim. Simdi

Ceren’i bulmaya galistyorum.

I: Peki, burada bazi kurallar soylityor, her giin bir gruba katilabilirsin, hepsi aym yerlere
gidemiyor mesela Hakan her g tirdeki gezi grubuna katilmig onun disinda hi¢ kimse her
iciine de gidemez.

PR: Hi, hn, anladim.

PR: Bir dakika... Topkap: Saray1 ve Cinili Cami olabilir.

I: Yani saraylar ve camiler diyorsun.

PR: Hy, hu



Appendix D.12. Sample from Poor Representer’s Interview

Soru 1!
42 Kisitik bir sporcu grubunda 26 kisi hentba!, 17 kil de basketbol oynayabilmektedir. © kigi hem hentbol
_ham d‘-‘* b“:met 30! oyna}amimgme gore ne hentbai ne de basketbol oynayamayan kag kigi vardir?

Soru 2:

~

Ankara'dan lstanbul'a 3 glniik gezi igin &drenciler gelmisgtin. Her glin saraylare, camiiere ve kuigigre
gitmek rsteve":ler igin Oz ayn grup olusturuimaktadir, Buna gore bir Kig! gionde valnizea oir grup olmak

{rere istedidi bir glin herhangi bir gruba katlabilir. Aynica her bir 6§ renci igin en fazia 8 dedisik olasilik
vardir yainiz safayiar, gidebifir, yalniz saraylara ve camtiere qxdebmr tim eseriare gidsbilir, vb.

Gezi programinds yer alan eser tirler ve eserler agade venlmustir.

Saraylar Camiler © Kuieler P

ulianahmet Cami {Kiz Kuiesi

E
vTopkapr Saray! % 5
Yiidiz Saray | Stleymantye Cami : Galata Kulesi j
| Dolmabahge Saray! ‘1Cmt i Cami ;

Bevylaerbey! Saray

1

ozive katilan 6drenciier arasinda Mural, Ceren, Ezgl, Seiim, Meltern, Umut ve Hakan da nulunmakiadir.
Her biri (g gUnilk gezi sonunca en az pir gezi grubunun ignde yer almusiardir. Ve her bir 1gin yalnizca bir
oiasiik séz konusudur: Bu yedi fgrenciden yalnizca bir tum eserlere, yalmizca bir hem kuiglere hem de
cgmilere, vs. gitmistir

Bunz gbre, ssafida verlen bilgiler dojruttusunda Ceren'in hang! tir{lericeki eserlent ziyarel etigin
buiabilir misiniz’?

Hakan her (¢ turdeki gezi ufuplarma katimshr.

Matem: - Kiz Kulesingen istanbul'u seyretrnek glzeidi

Umut hem Sultanahmet Cami'ye hem de Galata Kulesine gitrnistir.
Murat: - Ne Cinili Cami've ne de Kiz Kulesi'ne gitim.

Erg Beylerpeyi Sarayi'na giden grup icindedir.
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I: Nasil ¢ozdugint anlatir misin?

PR: Ik basta verilenleri yazdim. Sonra kiime seklinde yazinca hentbol 26, basketbol 17,
kesisim 9, birlesimi ise 42.

I: Evet, sonra ne yaptin?
PR: Simdi hocam. ..
I: Orada 26, 7 ve 9’u toplamigsin, neden?

PR: ilk basta verilenleri topladim sonrasinda onu toplam degerden gikardim hig

oynayanlari bulmak igin sonug sifir ¢ikt.

I: Yani hicbir sey oynamayan yokmus, herkes bir seyler oynuyormus.

PR: Evet.

I: Tkinci soruyu anladin my, anlatmamu ister misin? (Soruda verilen bilgiler dzetlenir.)
PR: Ben bu soruyu ¢6zemeyecegim.

1: Tamam, tesekkirler.
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APPENDIX E: WORKSHEET FOR PROBLEM SOLVING
STRATEGIES

PROBLEM SOLVING STRATEGIES

Let’s work on a problem®©
In a class of 23 students, 15 of them speak English, 13 speak French and 2 speak none.

Find the number of students who speaks only English.

1. Take notes:

First write what informaticn is given to you.

15 speak English

13 speak French

2 speak none

23 students in the class

2. Solve in more than one way:

a. We can draw a diagram:

15+13-+2=30
30-23=7
15-7=8

b. We can use the formula:
The formula is the following:
n(AuB)= n{A)+ n(B)- n(4n B)
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3. More than one answer:

In set problems there is only one answer, but there are many other kinds of problems
that you can face with more than one answer. For example, you will have many answers in

divisibility rules problems (you will meet them at the end of this term)

4, Check for reasonabless:
You check the correctness of your answer:
Add all the values you put in the diagram:

8+7+6+2=23 (the total number of students in the class)

5. Choose an estimate or an exact amount:
Try to guess the answer from the given information:
The number of students who speak only English should be less than 15, because in 15

students there are some who speaks French as well.

6. Choose a calculation method:
You can calculate:
i) mentally,
i) with a calculator, or

ii1) with paper and pencil

7. Find needed information:
To find how many students speak English only, you should know how many of them

speaks both, so you need this information first.

8. Ignore unneeded information:

Actually in this problem there is no unneeded information, but there are cases that you

will see unneeded information.

9. Use logical reasoning:

If there were more than one answer, you could find the most possible and exact answer

by eliminating the other possibilities. You will also meet such a case in divisibility

problems.
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APPENDIX F: WORKSHEET FOR WORD PROBLEMS ON SETS

REMEMBER !

both.....and ..... refers intersection (N)
either .....or..... refers union (U)

only ......... ...... refers  difference (\)
neither .....nor ... refers complement (‘)

The number of elements of AUB :
If AnB=¢ ie A andB are disjoint sets, then n(A\uB)=n(A)+n(B)
If AnB#¢ then n(AuUB)=n(A)+n(B)-n(ANB)

PROBLEMS
1) In a group of children, 15 drink milk, 18 drink tea and the number of children who
drink tea or milk is 25. '
a) How many children drink both milk and tea?
b) How many of them drink only tea?

2) In a group of 42 people 19 of them play basketball and 28 of them play volleyball.
How many of them play both?

3) In a class of 30 students 17 of them can speak English, 10 of them speak German
and 5 of them speak both.
a) How many students can speak neither English nor German?

b) How many of them speak only one foreign language?

4) A shop has 52 customers. 30 of them bought bread, 12 of them bought both bread
and cheese, and 48 of them bought bread or cheese.
a) How many bought neither bread nor cheese?
b) How many bought cheese but not bread?
¢) How many bought either cheese or bread but not both?



5)

6)

7

8)

1)

2)

3)
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In a class of 20 students, 5 failed in their math exam, 7 failed in English and 3 of
them failed both.

a) How many of them failed at least one of these exams?

b) How many did not fail either of these exams?
If n(A)=7, n(AnB)=3 and n(AwB)=12 then find n(B)="?
If n(A-B)=5, n(AnB)=2 and n(B)=10 then find n(AUB)="?

At the break, 123 pupils go to the school shop where sells bars of chocolate, bottles
of lemonade, packets of biscuits. 42 of them buy packets of biscuits, 10 of them
buy only lemonade, 10 of them buy lemonade and biscuits, 4 of them buy lemonade
and chocolate but not biscuits, 15 of them buy biscuits and chocolate, 26 of them
buy chocolate, 11 of them buy biscuits and chocolate but not lemonade.

a) How many of them buy nothing at all?

b) How many of them buy all the three products?

HOMEWORK
There are 30 pupils in a summer camp. 25 of them can swim, 18 ride a bicycle.

How many of them can swim and ride a bicycle?

There are 35 students in a class. 24 of them like math, 27 of them like art and 19 of

them like math and art.
a. How many of them like at least one of these lessons?

b. How many do not like either of them?

Out of 20 people 6 of them read Hirriyet and 4 read Sabah, 12 people read neither

Hiirriyet nor Sabah. How many of them read both newspapers?
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4) There are 84 people in a travel group and each of them can speak either French or

Italian. 56 of them can speak French and 42 of them can speak Italian.

a
b.

C.

d.

How many of them can speak both languages?
How many of them can speak only French?
How many of them can speak only Italian?

How many of them can speak only one language?

5) A group of children are playing with colorful game cards. 8 have red cards, 12 have

blue cards and 10 have white cards. 3 of them have blue and red cards, 5 of them

have blue and white cards, 2 of them have red and white cards, and 1 of them has

all three.

o

a. How many of them have only blue cards?
b.

C.

How many of them have red or white cards?
How many of them have only white cards?

How many of them have blue and red cards but not white?
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APPENDIX G: WORKSHEET FOR WORD PROBLEMS ON SETS

1

2)

3)

4)

3)

6)

7)

KUME PROBLEMLERI

Bir meyve bahgesinde 20 visne, 17 seftali ve 9 tane de kayist agac1 bulunmaktadir.

Bu meyve bahgesinde toplam kag¢ meyve agaci vardir?

41 Kisilik bir sporcu kafilesindeki sporculardan 26 kisi basketbol, 19 kisi voleybol

oynamaktadir. Her iki oyunu da oynayan kag sporcu vardir?

Bir smiftaki ogrencilerden matematik dersinden simfi gegenler 18 kisi, Turkce
dersinden gecenler 24 kisi, her iki dersten smnifi gegenler 7 kisi olduguna gore simif

mevcudunun kag kisi oldugunu bulunuz.

Bir siniftaki ogrencilerin her biri Almanca veya Fransizca dillerinden birini
bilmektedir. 12 6grenci Almanca, 10 6grenci Fransizca ve 4 dgrenci hem Almanca

hem de Fransizca bildigine gore bu siifta kag 6grenci vardir?

25 kisilik bir sinifta, 9 kisi keman, 12 kisi piyano dersleri aliyor. Bu grupta S kisi ne

keman ne de piyano dersi aldigina gore, her iki dersi alan kag kisi vardir?

30 kisilik bir yaz kampinda herkes tenis veya Ingilizce kurslarindan birine
gitmektedir. 17 kisi tenis, 21 kigi Ingilizce kursuna gittigine gore, yalniz tenis

kursuna giden kag kisi vardir?

40 kisilik bir gezi grubunda 25 kisi Ingilizce, 13 kisi Fransizca ve 5 kisi de her iki
dili bildigine gore, en ¢ok bir yabanci dil bilen kag kigi vardir?

8) A ve B dergilerinden en az birine abone olan 45 kisiden 32’si yalnizca A, 24’0

yalnizca B dergisine abone olduguna gore her iki gazeteye abone olan ka¢ kigi

vardir?
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