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Introduction

Mathematics includes elements of thinking and communication skills that are essential in a
changing world. In this context, thinking and communication skills have a privileged place in
the mathematics curriculum (Umay, 2004). When the mathematics curriculum was examined,
communication skills were emphasized for the first time in the 2005 mathematics curriculum.
The emphasis on the relevant skill increased in the 2013 curriculum. The mathematics
curriculum was restructured in 2018 based on the skills determined by the Turkish
Competences Framework. It is seen that there is a 27% increase in the field of communication
skills in the general objectives of the 2018 curriculum (Uysal & Incikabi, 2018). Mathematical
communication skills dimensions are included in the general goals of the 2018 mathematics
curriculum. The dimensions of mathematical communication skills are expressed in the 2018
mathematics curriculum as follows: “Understanding mathematical concepts, using
mathematical concepts in daily life, expressing their thoughts and reasoning easily in the
problem-solving process, perceiving the deficiencies or gaps in the mathematical reasoning of
others, using mathematical terminology and language correctly, expressing concepts with
different forms of representation” (MoNE, 2018, s.9). Mathematical communication skill is the
ability to use mathematical language clearly and convincingly in verbal and written expression
of thoughts (National Council of Teachers of Mathematics [NCTM], 2000). Mathematical
communication enables students to make connections between different representations of
mathematics (between the language and symbols of mathematics). As may be seen in Table 1,
mathematical communication skills have four main dimensions: reading, speaking, listening
and writing (Thompson & Chappell, 2007).

Table 1
Mathematical Communication Skills Dimensions

Mathematical reading Understanding the context and putting what is read into action, such as
solving verbal problems, creating and interpreting graphics, answering
open-ended and multiple-choice questions (Adams & Lowery, 2007).

Mathematical speaking Explaining and justifying their solutions, associating their thoughts with
others’ explanations, and arranging them when necessary (Lo &
Wheatley, 1994).

Mathematical listening The primary purpose of listening is to evaluate the accuracy of what is
said. Listening reproduces one's own, the teacher’s, or canonical
thinking. Opens up opportunities for hearing and responding by
seeking to understand another’s thinking through communication;
focuses on seeking information and responding to it. Listening
reproduces the speaker’s thinking. (For example, “Could you say more
about that?” “Can you say that in another way?") (Hintz & Tyson, 2015).

Mathematical writing Writing one's mathematical ideas about mathematical concepts,
definitions and problems; writing to explain the relationships between
problems, concepts and definitions; writing about constructing
arguments or other students' reasoning; writing math problems; writing
their original solutions to problems; writing about mathematical
structures or patterns (Bell & Bell, 1985; Miller, 1990; Van de Walle, Karp
& Bay-Williams, 2014).
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It is necessary and important to transform the targeted skills into learning outcomes in the
curriculum to make them functional and to observe and evaluate their accomplishment. Thus,
evaluating the curriculum learning outcomes aiming at the improvement of mathematical
communication skills and their interaction with the other dimensions of the curriculum is of
great importance to yield insights into the harmony among the elements of the mathematics
curriculum. Studies on the learning outcomes of the 2018 mathematics curriculum show that
the learning outcomes are mostly related to the cognitive domain, and the learning outcomes
addressing higher-order skills in the curriculum are limited in number (Diker-Coskun, 2017).
Parallel to the results of these studies, the exams monitoring and assessing the mathematical
competency level of students in different contexts also show that the skills aimed to be
imparted to students by the mathematics curriculum cannot be mastered at a sufficient level
(MoNE, 2019). For example, the PISA 2018 report shows the lowest mathematical proficiency
score in the middle school type in Tirkiye. In addition, with reference to the results of TIMMS
2019, in which 4th grade and 8th grade students participated, it is seen that the 8th grade
score in mathematics in our country is lower than the 4th grade level and below the
international average (Duskin & Korlu, 2021). Within the scope of the Monitoring and
Evaluation of Academic Skills Project aims to evaluate the students’ high-level skills (MoNE,
2019). When the 2018 results are examined, 3% of the 8th grade students in the mathematics
test are at the advanced proficiency level and 53% at the sub-basic and basic levels. Based on
the skills included in advanced mathematical competence, it is seen that only 3% of 8th grade
students have the skills to make decisions, show reasons/validation, solve original problems,
pose/construct problems and produce/synthesize an original product/model (MoNE, 2019).
These exam results are related to the mathematical communication skill levels of the students.
Therefore, it is seen that only 3% of the students have reached advanced mathematical
communication competence. Because mathematical communication skills cannot be
considered without some of the higher-order thinking skills:

e from problem-solving skills in terms of sharing mathematical reasoning and reasons (Sfard,
2008);

e from modeling in terms of students' expressing concepts and problem-solving processes
with different forms of representation, and thus their ability to relate (Zawojevski & Lesh,
2003);

e from critical thinking skills in terms of evaluating others' mathematical ideas, deficiencies in
their reasoning and reasoning strategies, and organizing their ideas (Sfard, 2008);

e from metacognitive thinking skills in terms of using comprehension control strategies
appropriately while interpreting or writing mathematical expressions, questions and images
(Ernest, 1987);

e mathematical original ideas, expressions, tasks and creating explanations (Zwicky, 2008)
cannot be considered independent of creative thinking skills.

Given the results of the national and international exams, which confirm each other and in
which mathematical competencies are determined, there is a need to examine whether the
middle school mathematics curriculum learning outcomes serve the function of developing
mathematical communication skills. In line with this requirement, this study aims to investigate
the learning outcomes of the 2018 middle school mathematics curriculum in terms of
mathematical communication skills.
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It is thought that the analysis results will indicate the extent to which the middle school
mathematics curriculum is suitable for reflection on the mathematical communication skills
emphasized in the goals of the curriculum. The research is limited to the learning outcomes of
the middle school mathematics curriculum developed in 2018. Examining the learning
outcomes regarding mathematical communication skills is limited to the rubric developed by
the researchers.

Method

Research Design

The current study employed the document analysis research method. As a research method,
document analysis is particularly applicable to qualitative case studies—intensive studies
producing detailed descriptions of a single phenomenon, event, organization, or program
(Yildinm & Simsek, 2006). This study used this method to investigate the learning outcomes of
the 2018 middle school mathematics curriculum through the indicators of mathematical
communication skills. In this study, the document analysis stages identified by Forster (1994)
were adopted: 1. Accessing documents, 2. Checking the originality of documents, 3.
Understanding documents 4. Analyzing the data. 5. Using data (as cited in Yildirrm & Simsek,
2006).

Accessing Documents

The document analyzed in the study consists of the learning outcomes set in the middle
school 5th-8th grade mathematics curriculum, which was updated in the 2018 school year by
the Ministry of National Education and is still being implemented. The 2018 middle school
mathematics curriculum was accessed from the official website of the Ministry of National
Education (http://mufredat.meb.gov.tr).

Checking the Originality of Documents

The document used in the research is the middle school 5-8 mathematics curriculum.
Evidence for the originality of the document used in the research is given below. The process
of developing the mathematics curriculum, in which documents were used in the research, is
as follows (MoNE, 2018):

e It has been prepared based on "General Objectives of Turkish National Education" and
"Basic Principles of Turkish National Education" expressed in Article 2 of the Basic Law
of National Education No. 1739.

e It has been prepared by the General Directorate of Basic Education within the Ministry
of National Education, considering the program improvement processes.

e It is the official program put into practice in the 2017-2018 academic year in Turkiye.
Therefore, the document is original.

Understanding Documents

When the learning outcomes of the middle school mathematics curriculum are examined,
it is seen that there are 56 learning outcomes in the 5th grade mathematics curriculum, 59 in
the 6th grade, 48 in the 7th grade, and 52 in the 8th grade. There are 215 learning outcomes
in the middle school mathematics curriculum. When a preliminary analysis was conducted on
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215 learning outcomes set in the 5th-8th grade mathematics curriculum regarding their
structural features, it was determined that some learning outcomes contain more than one
action. For example, "M.8.1.1.1. Finds positive integer factors of given positive integers, writes
the prime factors of positive integers as the product of exponential expressions.” (MoNE, 2018)
learning outcome includes two action statements. Therefore, the learning outcome is
structurally divided as follows: 1. "Finds positive integer factors of given positive integers", 2.
Writes the prime factors of positive integers as the product of exponential expressions. In order
to make the analyzes more qualified, the researchers structurally separated 60 learning
outcomes containing more than one action statement, in line with the principles of goal writing.
Thus, 275 learning outcomes were analyzed.

Analyzing the Data

When the literature was examined, it was determined that the indicators of mathematical
communication skills were not determined. “Mathematical Communication Skills Rubric” was
developed by the researchers to examine the learning outcomes, which is the aim of the
research, in terms of mathematical communication skills. As a result of the review of the
literature on mathematical communication skills, it was determined that mathematical
communication skills have five dimensions which are "Reading”, "Speaking”, “Listening”,
"Writing” and "Effective use of the language of mathematics” (Ernest, 1987; Hubbard, 1990;
Kabael & Ata Baran, 2016; MoNE, 2018; NCTM, 2000) and then dimensions were written to
reflect mathematical language skills for each dimension. In order to determine the content
validity of the 23-item rubric, the data collection tool was submitted to the review of two
experts from the field of mathematics education and three experts from the field of curriculum
and instruction. The experts were asked to evaluate each item in the rubric regarding its clarity-
comprehensibility and whether it is an indicator/ dimension of the relevant dimension. The
experts stated that items of the dimension “Effective use of the language of mathematics”
overlap with the items of the other dimensions (Sample items: 1. Using the symbols and terms
of mathematics effectively, 2. Using mathematical language effectively in different disciplines,
3. Using mathematical language effectively in life, 4. Problem posing (asking questions), and
thus, it was suggested that the items under the dimension of "Effective use of the language of
mathematics” could be written under the other related items. As a result of the feedback from
the experts, the dimension of “Effective use of the language of mathematics” was removed
from the rubric, its items were written under the relevant dimensions and two items similar to
each other were also removed from the rubric. As a result, the rubric consists of 21 items and
four dimensions.

The analysis of the data was carried out with the deductive content analysis approach. In
this context, the researchers in the current study prepared a “Mathematical Communication
Skills Rubric” (See Appendix 1). In this context, mathematical communication skills were
conceptually understood due to the literature review and four dimensions, namely reading,
speaking, listening and writing, were determined. Each dimension was divided into items
arranged in line with expert feedback. The lowest 21 and the highest 105 points are taken from
the rubric. The rubric is of the interval scale type. In the data analysis process, the learning
outcomes of the middle school 5th-8th grade mathematics curriculum were coded as
insufficient (1), partially sufficient (2), moderately sufficient (3), largely sufficient (4) and
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sufficient (5). Their level of reflection mathematical communication skills was evaluated key to
the below-given score ranges.

e 21-37:Insufficient

«  38-54: Partially Sufficient

«  55-71: Moderately Sufficient
«  72-88: Largely Sufficient

«  89-105: Sufficient

Mathematics learners need to perform mathematical thinking to make sense of
mathematics. As mathematical communication reveals mathematical ideas (Lo & Wheatley,
1994; Sfard, 2008), all learning outcomes should be geared towards mathematical
communication skills. For this reason, all learning outcomes are expected to be aimed at
mathematical communication skills. For this reason, the word "absent” is not included in the
rubric. The rubric uses "insufficient" instead of "absent".

The learning outcomes were analyzed altogether with their explanations. The rubric
components were graded by considering what the outcome wanted to express directly and
together with the explanations. Therefore, M.8.1.1.1 is divided considering its explanation in
the learning outcome curriculum: 1. "Finds positive integer factors of given positive integers”,
2. Writes the prime factors of positive integers as the product of exponential expressions). After
examining the learning outcome structurally and observing that it contains a single action
statement, it was examined in terms of the dimensions of mathematical communication skills.
While examining the learning outcome in terms of dimensions, it was determined which
dimension or dimensions were focused on in the learning outcome. For example, "Writes the
prime factors of positive integers as the product of exponential expressions" learning outcome
involves the act of “writing”. It is considered to be directly related to the “writing” dimension
of mathematical communication skills. It is not possible to organize the learning environment
in which this learning outcome, which focuses on the act of writing, is handled without reading,
listening or speaking. For this reason, the phrase "insufficient” was used instead of "none" in
the rubric. Since it requires primarily computational skill (use of prime multiplier algorithm or
multiplier tree method) and conceptual understanding (the concept of prime factor), it was
coded as sufficient (5) concerning the dimension of “writing/using mathematical terminology
(concepts and symbols) appropriately and correctly” of the "writing” dimension of
mathematical communication skills. It was coded as insufficient (1) in the other dimension and
items. As a result, the total score of 25 was reached by analyzing it over the 21 items. Because
the obtained 25 value is in the insufficient range (21-37 Insufficient), the learning outcome
"M.8.1.1.1. Writes the prime factors of positive integers as the product of exponential
expressions.” was determined to be insufficient in terms of mathematical communication skills.
Table 2, the coding of this sample learning outcome is shown.
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Table 2
Codling of a Sample Learning Outcome (M.8.1.1.1) Over the Mathematical Communication Skills Rubric
Y - %)
S R -
5 S D L x> 9
N Items § &8 & T 8
< 5 ¥ & O ¥
g & 3 iS] S N
qQ £ < g = A
Reading mathematical expressions, questions, tasks or imagesinawaythat 1 2 3 4 5
reflects the meaning of the concepts and the relationships between them
o Interpreting mathematical expressions, questions, ideas, tasks, or images 1 2 3 4 5
° Making sense of what they have read by making connections with their 1 2 3 4 5
& previous knowledge and experiences
Determining mathematical reading strategies suitable for the purpose 1 2 3 4 5
Using comprehension control strategies 1 2 3 4 5
Using appropriate and correct mathematical language/ expressions when 1 2 3 4 5
expressing mathematical thoughts;
o Sharing mathematical reasoning and justifications; 1 2 3 4 5
£ Making statements that evaluate the mathematical thinking of others; 1 2 3 4 5
@©
8 Using mathematical expressions to make sense of the relationships 1 2 3 4 5
i between people and objects and the relationships of objects with each
other;
Organizing mathematical ideas by discussing them with others 1 2 3 4 5
Correctly understanding speech about mathematics; 1 2 3 4 5
Seeing the deficiencies in the mathematical reasoning of others and 1 2 3 4 5
- evaluating the mathematical thinking and strategies of others;
£ Constructing new knowledge and meanings by associating new ideas with 1 2 3 4 5
_*E existing ones;
—
Making sense of the relationships between people and objects and the 1 2 3 4 5
relationships of objects with each other by using the language of
mathematics
Expressing/sharing mathematical ideas in writing using the language of 1 2 3 4 5
mathematics;
Writing/using mathematical terminology (concepts and symbols) 1 2 3 4 5
appropriately and correctly
Using symbols, variables and mathematical equations accurately andclearly 1 2 3 4 5
to model mathematical ideas with mathematical expressions;
g Properly expressing mathematical ideas in writing with different 1 2 3 4 5
= representations;
= p
While expressing mathematical ideas in writing, using mathematical 1 2 3 4 5
language to make sense of the relationships between people and objects
and the relationships of objects with each other;
Making use of strategies that will enable them to express their 1 2 3 4 5
mathematical ideas more clearly and accurately;
Using the mathematical writing process for different purposes 1 2 3 4 5
The total score of the learning outcome (M.8.1.1.1.) from the rubric/ comment 25/ Insufficient

The analyzes of the learning outcomes were made by the researchers separately. Later, the
researchers came together and agreed to analyze the learning outcomes. In addition,
researchers and an expert in the relevant field (an academician who gives an expert opinion on
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the creation of the rubric, who has studies on mathematics curriculum and in the field of
curriculum and instruction) came together. They reviewed the analysis of all the learning
outcomes together and reached a consensus on the analyses. In order to conduct the reliability
study of the analyzed learning outcomes, 20% of the learning outcomes were analyzed by an
expert in the field of curriculum and instruction who has studies on qualitative research.
Afterward, the researcher compared their coding with the coding of the expert who did the
reliability study. Afterward, the expert and the researchers came together and discussed the
learning outcomes where there was a difference of opinion. The reliability of the study was
calculated using the formula Reliability = Agreement / (Agreement + Disagreement) x 100,
suggested by Miles and Huberman (1994). The agreement rate between the researchers was
83% and the data analysis process was completed.

Using Data

The document used in the research is the middle school mathematics curriculum developed
by the Ministry of National Education and applied throughout Tirkiye. In order to improve the
quality of education, the most important task falls to educational institutions. All educational
activities in formal education institutions are carried out within a curriculum framework. The
training programs include which behaviors and how to gain an individual in the institution.
Therefore, the quality of education largely depends on the curriculum implemented. In this
context, it is necessary to eliminate the faults and deficiencies of the applied education
programs, reorganize them in line with contemporary developments and changes, in other
words, to improve the programs continuously. In this context, the study is thought to
contribute to developing mathematics programs.

Results

Under the title of findings, the frequency distribution of the mathematical communication
skills levels of the middle school mathematics curriculums’ learning outcomes in accordance
with the grade levels and the examples of mathematics lesson learning outcomes are given.

The Reflection Level of Mathematical Communication Skills in 5th Grade Mathematics
Curriculum Outcomes

Under this title, the frequency distribution of the mathematical communication skills levels
of the middle school 5th grade mathematics curriculum learning outcomes are given (Table 3).

When Table 3 is examined, 66 (85.71%) of the 77 learning outcomes at the 5th grade level
are insufficient, while 11 (14.79%) are partially sufficient. It was determined that there is no
learning outcome moderately, largely sufficient or sufficient in terms of mathematical
communication skills at the 5th grade levels. Below is an insufficient 5th grade learning
outcome example regarding mathematical communication skills.
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Table 3

Frequency Distributions Regarding the Mathematical Communication Skill Levels of the 5th Grade
Mathematics Curriculum Outcomes

Skill Levels Learning Outcomes
f %
Insufficient 66 85.71
Partially Sufficient 11 14.29
Moderately Sufficient 0 0
Largely Sufficient 0 0
Sufficient 0 0
Total 77 100

“Performs the multiplication operation of two three-digit natural numbers at most
(M.5.1.24)" is a sample learning outcome found insufficient in terms of mathematical
communication skills at the 5th grade level. The levels of the learning outcome (M.5.1.2.4)
across the dimensions of the reading and writing of mathematical communication skills are
shown in Table 3.1.

Table 3.1

The Levels of the Insufficient Learning Outcome (M.5.1.2.4,) Across the Reading and Writing Dimensions

“
© ~
§ I
3 T > 2 S 9
S Itemns § &8 & ¢ &
) 5 €§ & O €&
8 2 8§ 3§ 08 3
Q SN o
o)
% Reading mathematical expressions, questions, tasks or images in a way that > 3 a4 s
é reflects the meaning of the concepts and the relationships between them
m oy . . .
£ Writing/using mathematical terminology (concepts and symbols) 1 2 3 a4 5
é appropriately and correctly
The total score of the learning outcome (M.5.1.2.4.) from the rubric/ comment 29/ Insufficient

[(19 (number of insufficient items) x1)+(2 (number of sufficient items) x5)]

As the learning outcome aims to enable students to understand the concept of
multiplication correctly and to apply its standard rules accurately, it was determined to be
sufficient in terms of the skill of reading/understanding the meaning of mathematical
expressions, questions and tasks in a way that reflects the relationships between them in the
reading dimension and in terms of the skill of writing mathematical concepts and symbols
appropriately and correctly in the writing dimension. It was found to be insufficient in the other
skills of the reading and writing dimensions. It was determined to be insufficient in all the sub-
skills of the listening and speaking dimensions. As a result of the sum of the scores in all the
dimensions, it was seen that the level of this learning outcome in terms of reflection on
mathematical communication skills is insufficient. It was determined to be insufficient in all the
sub-skills of the listening and speaking dimensions, so they are not included in the table. Below
is a partially sufficient 5th grade learning outcome example in terms of mathematical
communication skills.
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"Solves problems that require addition and subtraction with fractions with equal
denominators (M.5.1.4.2.)" is a sample learning outcome found partially sufficient regarding
mathematical communication skills at the 5th grade level. The levels of the learning outcome
(M.5.1.4.2) across the dimensions of the reading and writing of mathematical communication
skills are shown in Table 3.2.

Table 3.2

The Levels of the Partially Sufficient Learning Outcome (M.5.1.4.2) Across the Reading and Writing
Dimensions

Y - %)
g I S
2 g I E © 3
S Items § § § & &
5 2 8§ ¥ 8 3
qQ S A
Reading mathematical expressions, questions, tasks or imagesinawaythat 1 2 3 4 5
reflects the meaning of the concepts and the relationships between them
E’ Interpreting mathematical expressions, questions, ideas, tasks, or images 1 2 3 4 5
i
é Making sense of what they have read by making connections with their 1 5
previous knowledge and experiences
Determining mathematical reading strategies suitable for the purpose 1 2 3 4 5
Writing/using mathematical terminology (concepts and symbols) 1 2 3 4 5
2 appropriately and correctly
E Using symbols, variables and mathematical equations accurately andclearly 1 2 3 4 5
to model mathematical ideas with mathematical expressions;
The total score of the learning outcome (M.5.1.4.2.) from the rubric/ comment 45/ Partially sufficient

[(15 (number of insufficient items) x1)+(6 (number of sufficient items) x5)]

The learning outcome aims to apply the skills of adding and subtracting fractions in the
problem situation. In this learning outcome, students are expected first to understand the
problem and then transfer it to mathematical expressions. In summary, students are expected
to understand the verbal expressions in the problem and the numerical relations described in
the problem and to create connections between them. Therefore, for this learning outcome, in
the reading dimension of the rubric, "Reading mathematical expressions, questions, tasks or
images in a way that reflects the meaning of the concepts and the relationships between them";
"Interpreting mathematical expressions, questions, ideas, tasks, or images"; "Making sense of
what they have read by making connections with their previous knowledge and experiences ";
The items "Determining mathematical reading strategies suitable for the purpose" were coded
sufficient. In the writing dimension, the items "Writing/using mathematical terminology
(concepts and symbols) appropriately and correctly”, "Using symbols, variables and
mathematical equations accurately and clearly to model mathematical ideas with mathematical
expressions" were coded sufficiently. In all other dimensions, they were coded insufficiently.

The Reflection Level of Mathematical Communication Skills in 6th Grade Mathematics
Curriculum Outcomes

Under this title, the frequency distribution of the mathematical communication skills levels
of the middle school 6th grade mathematics curriculum learning outcomes are given (Table 4).
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Table 4

Frequency Distributions Regarding the Mathematical Communication Skill Levels of the 6th Grade
Mathematics Curriculum Outcomes

Learning Outcomes

Skill Levels

f %
Insufficient 51 68.92
Partially Sufficient 23 31.08
Moderately Sufficient
Largely Sufficient
Sufficient 0 0
Total 74 100

When Table 4 is examined, 51 (68.92%) of the 74 learning outcomes at the 6th grade level
are insufficient, while 23 (31.08%) are partially sufficient. It was determined that there is no
learning outcome moderately, largely sufficient or sufficient in terms of reflection mathematical
communication skills at the 6th grade levels. Below is an insufficient 6th grade learning
outcome example in terms of mathematical communication skills.

"It explains that the number of unit cubes placed in the rectangular prism in such a way that
there is no space in the volume of that object (M.6.3.4.1)" is a sample learning outcome that
was found to be insufficient in terms of mathematical communication skills at the 6th grade
level. The coding for the reading sub-dimension of the mathematical communication skills of
the learning outcome (M.6.3.4.1) is given in Table 4.1.

Table 4.1
The Levels of the Insufficient Learning Outcome (M.6.3.4.1.) Across the Reading Dimensions

Items

Dimensions
Insufficient
Partially S.
Largely S.
Sufficient

W\ Moderately S.
N
(0]

=
N

Reading mathematical expressions, questions, tasks or images in a way that
reflects the meaning of the concepts and the relationships between them

Reading

Interpreting mathematical expressions, questions, ideas, tasks, or images 1 2 3 4 5

The total score of the learning outcome (M.6.3.4.1) from the rubric/ comment 29/ Insufficient
[(19 (number of insufficient items) x1)+(2 (number of sufficient items) x5)]

This learning outcome aims to connect the concept of volume and the number of cubes
placed inside the rectangular prism. The student is expected to interpret the given image and
switch to the expressions that make up the concept of volume. Therefore, for this learning
outcome, in the reading dimension of the rubric, "Reading mathematical expressions,
questions, tasks or visuals that reflect the meanings of the concepts and the relationships
between them" and "Interpreting mathematical expressions, questions, ideas, tasks or pictures”
were sufficiently coded. Below is a partially sufficient 6th grade learning outcome example
regarding mathematical communication skills.
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“Writes an algebraic expression suitable for a verbally given situation and a verbal situation
suitable for a given algebraic expression (M.6.2.1.1)" is a sample learning outcome found to be
partially sufficient regarding mathematical communication skills at the 6th grade level. The
levels of the learning outcome (M.6.2.1.1) across the dimensions of the reading and writing of
mathematical communication skills are shown in Table 4.2.

Table 4.2

The Levels of the Partially Sufficient Learning Outcome (M.6.2.1.1) Across the Reading and Writing
Dimensions

1) S “
N N U R
S T S T 8 o3
N N T 8 T N
] 5 § & O ¥
£ Items A s O S 3
Q S Q § ~
Reading mathematical expressions, questions, tasks orimagesinawaythat 1 2 3 4 5
o reflects the meaning of the concepts and the relationships between them
c
;g Interpreting mathematical expressions, questions, ideas, tasks, or images 1 2 3 4 5
]
o Making sense of what they have read by making connections with their 1 2 3 4 5
previous knowledge and experiences
Writing/using mathematical terminology (concepts and symbols) 1 2 3 4 5
appropriately and correctly
Using symbols, variables and mathematical equations accuratelyandclearly 1 2 3 4 5
o to model mathematical ideas with mathematical expressions;
c
E Properly expressing mathematical ideas in writing with different 1 2 3 4 5
= representations;
While expressing mathematical ideas in writing, using mathematical 1 2 3 4 5
language to make sense of the relationships between people and objects
and the relationships of objects with each other;
The total score of the learning outcome (M.6.2.1.1) from the rubric/ comment 49/ Partially sufficient

[(14 (number of insufficient items) x1)+(7 (number of sufficient items) x5)]

While writing an algebraic expression suitable for a given situation or writing a verbal
situation suitable for an algebraic expression, first of all, in the reading dimension, students are
expected to read the meanings of the concepts in the given situation as follows: to reflect the
relationships between them and to use their comprehension and interpretation skills by
making a connection with the prior knowledge about the order of operations for the given
situation. In the writing dimension, they are expected to express their ideas in writing using
mathematical language, to write concepts and symbols appropriately and accurately, to use
symbols or variables accurately, to express them in writing by making transitions between
different representations, and to communicate and communicate between people and objects
in this process. to make sense of the interaction between objects and objects. This learning
outcome, considered sufficient for target skills, is partially sufficient to gain mathematical
communication skills when coded in all dimensions. Since there is no action covering the
listening and speaking dimensions of mathematical communication in this learning outcome,
the skill levels in these dimensions were determined as insufficient and are not listed separately
in Table 4.2.
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The Reflection Level of Mathematical Communication Skills in 7th Grade Mathematics
Curriculum Outcomes

Under this title, the frequency distribution of the mathematical communication skills levels
of the middle school 7th grade mathematics curriculum learning outcomes are given (Table 5).

Table 5
Frequency Distributions Regarding the Mathematical Communication Skill Levels of the 7th Grade
Mathematics Curriculum Outcomes

Skill Levels Learning Outcomes

f %
Insufficient 42 71.19
Partially Sufficient 17 2881
Moderately Sufficient 0 0
Largely Sufficient 0
Sufficient 0
Total 59 100

When Table 5 is examined, 42 (68.92%) of the 59 learning outcomes at the 7th grade level
are insufficient, while 17 (28.81%) are partially sufficient. It was determined that there is no
learning outcome moderately, largely sufficient or sufficient level in terms of reflection
mathematical communication skills at the 7th grade levels. Below is an insufficient 7th grade
learning outcome example in terms of mathematical communication skills.

“Examines its properties by determining the congruent angles, reverse angles, interior
reverse angles, and exterior reverse angles formed by a sac. (M.7.3.1.2)" is a sample learning
outcome found to be insufficient in terms of mathematical communication skills at the 7th
grade level. The coding for the reading dimension of the mathematical communication skills
of the learning outcome (M.7.3.1.2) is given in Table 5.1.

Table 5.1
The Levels of the Insufficient Learning Outcome (M.7.3.1.2,) Across the Reading and Writing Dimensions

Y - %)
3 £ Y9 %Y %
3 T D s o> L
N N S S (ORI
< 5 £ & O ¥
S Items 3 ] 9 N S
G S Ql § < “
Reading mathematical expressions, questions, tasks or images in a way that 1 2 3 4 5
o reflects the meaning of the concepts and the relationships between them
c
;g Interpreting mathematical expressions, questions, ideas, tasks, or images 1 2 3 4 5
]
o Making sense of what they have read by making connections with their 1 2 3 4
previous knowledge and experiences
The total score of the learning outcome (M.7.3.1.2) from the rubric/ comment 33/ Insufficient

[(18 (number of insufficient items) x1)+(3 (number of sufficient items) x5)]

With this learning outcome, the first thing expected from students is the classification of
congruent angles, reverse angles, interior reverse angles and exterior reverse angles. Then, they
are expected to distinguish the features of these concepts from each other. Finally, they must

use these features to select and configure instances. Therefore, for this learning outcome, in
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the reading dimension of the rubric, "Reading mathematical expressions, questions, tasks or
images in a way that reflects the meaning of the concepts and the relationships between them";
"Interpreting mathematical expressions, questions, ideas, tasks, or images" and "Making sense
of what they have read by making connections with their previous knowledge and experiences
were coded sufficient. In all other dimensions, they were coded as insufficiently. Below is a
partially sufficient 7th grade learning outcome example regarding mathematical
communication skills.

“Creates the relations between the area of the rhombus and the area of the trapezoid
(M.7.3.24)" is a sample learning outcome found to be partially sufficient regarding
mathematical communication skills at the 7th grade level. The levels of the learning outcome
(M.7.3.2.4)) across the dimensions of the reading and writing of mathematical communication
skills are shown in Table 5.2.

Table 5.2
The Levels of the Partially Sufficient Learning Outcome (M.7.3.24.) Across the Reading and Writing
Dimensions

“
g EoUox yow
= & A Q Q
3 T X =2 > 2
S & 8 i\ Q Y
< 5 £ & O ¥
g Items 3 s 9 B 3
qQ S A
Reading mathematical expressions, questions, tasks or imagesinawaythat 1 2 3 4 5
@ reflects the meaning of the concepts and the relationships between them
2 Interpreting mathematical expressions, questions, ideas, tasks, or images 1 2 3 4 5
& Making sense of what they have read by making connections with their 1 2 3 4 5
previous knowledge and experiences
Writing/using mathematical terminology (concepts and symbols) 1 2 3 4 5
o appropriately and correctly
£ Using symbols, variables and mathematical equations accuratelyandclearly 1 2 3 4 5
"3: to model mathematical ideas with mathematical expressions;
Properly expressing mathematical ideas in writing with different 1 2 3 4 5
representations;
The total score of the learning outcome (M.7.3.2.4) from the rubric/ comment 45/ Partially sufficient

[(15 (number of insufficient items) x1)+(6 (number of sufficient items) x5)]

In this learning outcome, it is necessary to benefit from the previously learned area relations
of triangle, square and rectangle in creating rhombus and trapezoid area relations. The student
is expected to establish relationships between images, create new mathematical expressions,
and observe the variables of the area of the rhombus and trapezoid by using these relations.
Therefore, for this learning outcome, in the reading dimension of the rubric, "Reading
mathematical expressions, questions, tasks or images in a way that reflects the meaning of the
concepts and the relationships between them"; "Interpreting mathematical expressions,
questions, ideas, tasks, or images"; and "Making sense of what they have read by making
connections with their previous knowledge and experiences " were coded sufficient. In the
writing dimension, the items "Writing/using mathematical terminology (concepts and symbols)
appropriately and correctly”, "Using symbols, variables and mathematical equations accurately
and clearly to model mathematical ideas with mathematical expressions” and “Properly
expressing mathematical ideas in writing with different representations” were coded sufficient.
In all other dimensions, they were coded insufficiently.
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The Reflection Level of Mathematical Communication Skills in 8th Grade Mathematics
Curriculum Outcomes

Under this title, the frequency distribution of the mathematical communication skills levels
of the middle school 8th grade mathematics curriculum learning outcomes are given (Table 6).

Table 6

Frequency Distributions Regarding the Mathematical Communication Skill Levels of the 8th Grade
Mathematics Curriculum Outcomes

Mathematical Communication Skills Levels Learning Outcomes

f %
Insufficient 32 49.23
Partially Sufficient 23 35.38
Moderately Sufficient 9 13.85
Largely Sufficient 1 1.54
Sufficient 0 0
Total 65 100

When Table 6 is examined, 32 (49.23%) of the 65 learning outcomes at the 8th grade level
are insufficient, 23 (35.38%) are partially sufficient, 9 (13.85%) are moderately sufficient, and 1
(1.54%) is largely sufficient. It was determined that there is no sufficient learning outcome in
terms of mathematical communication skills at the 8th grade level. Below is an insufficient 8th
grade learning outcome example in terms of mathematical communication skills.

“Calculates integer powers of integers (M.8.1.2.1.)" is a sample learning outcome found to
be insufficient in terms of mathematical communication skills at the 8th grade level. The coding
for the reading sub-dimension of the mathematical communication skills of the learning
outcome (M.8.1.2.1.) is given in Table 6.1.

Table 6.1

The Levels of the Insufficient Learning Outcome (M.8.1.2.1,) Across the Reading and Writing Dimensions

“
S T Uy oN ouox
9 By > Q N (9]
Q € 3 8 T S
S Items £ I3 ¢ &
9] 5 § & D ¥
S 9 8§ 3 8 3
G RS Ql § < “
(@)}
% Reading mathematical expressions, questions, tasks or images in a way that > 3 4 s
g reflects the meaning of the concepts and the relationships between them
m oy . . .
£ Writing/using mathematical terminology (concepts and symbols) 1 2 3 4 5
é appropriately and correctly
The total score of the learning outcome (M.8.1.2.1.) from the rubric/ comment 29/ Insufficient

[(19 (number of insufficient items) x1)+(2 (number of sufficient items) x5)]

The learning outcome aims to perform the mathematical operation by following the routine
steps appropriately. In this learning outcome, what is expected from students is primarily to
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remember the information and determine where and when they will use it. Then they are
expected to answer the question or perform the task with appropriate steps. Therefore, for this
learning outcome, only the item "Reading mathematical expressions, questions, tasks or
images in a way that reflects the meaning of the concepts and the relationships between them"
was coded as sufficient in the reading dimension of the rubric. In the writing dimension,
"Writing/using mathematical terminology (concepts and symbols) appropriately and correctly”
was coded sufficiently. In all other dimensions and items, they were coded insufficiently. Below
is a partially sufficient 8th grade learning outcome example in terms of mathematical
communication skills.

"Determines the relationship between the squares of positive integers and the square roots
of the squares of these numbers (M.8.1.3.1.)" is a sample learning outcome regarding
mathematical communication skills at the 8th grade level. The levels of the learning outcome
(M.8.1.3.1)) across the dimensions of the reading and writing of mathematical communication
skills are shown in Table 6.2.

Table 6.2

The Levels of the Partially Sufficient Learning Outcome (M.8.1.3.1) Across the Reading and Writing
Dimensions

Y - %)
N N U R
3 3¢ 5 8
S [ltems £ § 2 S RS
g & 3 iS] S N
qQ S A
Reading mathematical expressions, questions, tasks or images in a way that 1 2 3 4 5
=2 reflects the meaning of the concepts and the relationships between them
S Interpreting mathematical expressions, questions, ideas, tasks, or images 1 2 3 4 5
S Making sense of what they have read by making connections with their 1 2 3 4 5
previous knowledge and experiences
- Writing/.using mathematical terminology (concepts and symbols) 1 2 3 4 5
£ appropriately and correctly
"3: Properly expressing mathematical ideas in writing with different 1 2 3 4 5
representations
The total score of the learning outcome (M.8.1.3.1.) from the rubric/ comment 41/ Partially sufficient

[(15 (number of insufficient items) x1)+(5 (number of sufficient items) x5)]

This learning outcome aims to determine the relationship between a number and its square
root based on the relationship between the square root, the area of the square and the side of
the square. In this learning outcome, students are expected to use the conceptual meaning of
the square root and show it with a different representation (area of the square and the side of
the square). Then, it is expected to reach an inference (the square root of integers is taught by
relating the side length of a square given its area) by establishing a relationship between the
two cases. Therefore, for this learning outcome, in the reading dimension of the rubric,
"Reading mathematical expressions, questions, tasks or images in a way that reflects the
meaning of the concepts and the relationships between them"; "Interpreting mathematical
expressions, questions, ideas, tasks, or images"; and " Making sense of what they have read by
making connections with their previous knowledge and experiences" were coded sufficient. In
the writing dimension, the items "Writing/using mathematical terminology (concepts and
symbols) appropriately and correctly" and “Properly expressing mathematical ideas in writing
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with different representations” were coded sufficiently. In all other dimensions, they were
coded insufficiently. Below is a moderately sufficient 8th grade learning outcome example in
terms of mathematical communication skills.

"Explains identities with models” (M.8.2.1.3) is a sample learning outcome found to be
moderately sufficient regarding mathematical communication skills at the 8th grade level. The
levels of the learning outcome (M.8.2.1.3.) across the dimensions of the reading, writing and
speaking of mathematical communication skills are shown in Table 6.3.

Table 6.3

The Levels of the Moderately Sufficient Learning Outcome (M.8.2.1.3,) Across the Readling Speaking and
Writing Dimensions

1) S “

N N U S

2 $ 2% 3 ¢

S Items £ § § ‘é’,‘ &

g { 3 iS] S N

qQ £ & g = A
Reading mathematical expressions, questions, tasks or images in a way that 1 2 3 4 5
reflects the meaning of the concepts and the relationships between them

o Interpreting mathematical expressions, questions, ideas, tasks, or images 1 2 3 4 5

° Making sense of what they have read by making connections with their 1 2 3 4 5

& previous knowledge and experiences
Determining mathematical reading strategies suitable for the purpose 1 2 3 4 5
Using comprehension control strategies 1 2 3

o Using appropriate and correct mathematical language/ expressions when 1 2 3 4 5

= expressing mathematical thoughts

@©

]

& Sharing mathematical reasoning and justifications 1 2 3 4 5
Expressing/sharing mathematical ideas in writing using the language of 1 2 3 4 5
mathematics;

Writing/using mathematical terminology (concepts and symbols) 1 2 3 4 5

2 appropriately and correctly

"3: Using symbols, variables and mathematical equations accurately and clearly 1 2 3 4 5
to model mathematical ideas with mathematical expressions
Properly expressing mathematical ideas in writing with different 1 2 3 4 5
representations

The total score of the learning outcome (M.8.2.1.3.) from the rubric/ comment 65/ Moderately Suffic.

[(10 (number of insufficient items) x1)+(11 (number of sufficient items) x5)]

In this learning outcome, the student is expected first to make sense of the given equation
(read it) and then associate and interpret the mathematical expressions with the field topic.
The student is also expected to determine reading strategies and benefit from comprehension
control strategies during this process. In the written and oral explanation process, the student
is expected to convey his thoughts correctly and appropriately with the help of mathematical
language and to reflect on the reasoning process. At the same time, the writing skills of
mathematical communication will be used to show the given identities with different forms of
representation and create equations suitable for the representation shown. Therefore, for this
learning outcome, all items were coded sufficiently in the reading dimension of the rubric. The
items "Using appropriate and correct mathematical language/ expressions when expressing
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mathematical thoughts" and “Sharing mathematical reasoning and justifications” were coded
sufficient in the speaking dimension. In the writing dimension, the items "Expressing/sharing
mathematical ideas in writing using the language of mathematics”, “Writing/using
mathematical terminology (concepts and symbols) appropriately and correctly”, “Using
symbols, variables and mathematical equations accurately and clearly to model mathematical
ideas with mathematical expressions” and “Properly expressing mathematical ideas in writing
with different representations” were coded sufficient. In listening to dimension, items were
coded insufficiently. Below is a largely sufficient 8th grade learning outcome example in terms
of mathematical communication skills.

"Expresses how one of the two variables that have a linear relationship between them
changes depending on the other with a table and equation” (M.8.2.2.3.) is a sample learning
outcome found to be largely sufficient in terms of mathematical communication skills at the
8th grade level. The levels of the learning outcome (M.8.2.2.3.) across the dimensions of the
reading, writing and speaking of mathematical communication skills are shown in Table 6.4.

Table 6.4

The Levels of the Largely Sufficient Learning Outcome (M.8.2.2.3) Across the Reading Speaking and
Writing Dimensions

1) S “
N N U R
3 3¢ 5 8
S Items £ § 2 S RS
5 2 8 3 8 3
Q S Q § ~
Reading mathematical expressions, questions, tasks or imagesinawaythat 1 2 3 4 5
reflects the meaning of the concepts and the relationships between them
o Interpreting mathematical expressions, questions, ideas, tasks, or images 1 2 3 4 5
° Making sense of what they have read by making connections with their 1 2 3 4 5
& previous knowledge and experiences
Determining mathematical reading strategies suitable for the purpose 1 2 3 4 5
Using comprehension control strategies 1 2 3 4 5
Using appropriate and correct mathematical language/ expressions when 1 2 3 4
o expressing mathematical thoughts;
£ Sharing mathematical reasoning and justifications; 1 2 3 4
@©
;’.’_ Using mathematical expressions to make sense of the relationships 1 2 3 4 5
between people and objects and the relationships of objects with each
other;
Expressing/sharing mathematical ideas in writing using the language of 1 2 3 4 5
mathematics;
Writing/using mathematical terminology (concepts and symbols) 1 2 3 4 5
appropriately and correctly
o Using symbols, variables and mathematical equations accuratelyandclearly 1 2 3 4 5
b= to model mathematical ideas with mathematical expressions;
= Properly expressing mathematical ideas in writing with different 1 2 3 4 5

representations;

While expressing mathematical ideas in writing, using mathematical 1 2 3 4 5
language to make sense of the relationships between people and objects
and the relationships of objects with each other;
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Table 6.4. (Cont)

Making use of strategies that will enable them to express their 1 2 3 4 5
mathematical ideas more clearly and accurately;

The total score of the learning outcome (M.8.2.2.3.) from the rubric/ comment 77/ Largely Sufficient
[(7 (number of insufficient items) x1)+(14 (number of sufficient items) x5)]

When analyzed, considering that the action in this learning outcome is “to express” (TDK,
2015), it is inferred that it is related to the components of reading, speaking and writing of
mathematical communication. The learning outcome includes the sub-skills of reading
mathematical expressions in a way that reflects the relationships between them; making sense
of and interpreting what they have read by associating them with previous knowledge and
experiences; analyzing/reading mathematical expressions with the awareness that he/she will
create a table or graph and using comprehension control strategies in this process. While
expressing what they have read in writing or orally requires sub-skills of using mathematical
terminology correctly and appropriately, expressing mathematical thoughts using
mathematical language, justifying mathematical ideas and making sense of mathematics by
associating it with daily life. In addition to these, this learning outcome also aims to enable
students to create appropriate and correct writing strategies (planning, defining the scope of
the subject and deciding on its boundaries, determining and organizing the logical sequence
of ideas, reviewing and checking what they have written) while expressing their thoughts in
writing with tables and graphics. Along with the aforementioned sub-skills, it has been
determined that the learning outcome makes the most significant contribution to
mathematical communication skills.

Discussion, Conclusion and Implications

In the study, when the learning outcomes in the middle school mathematics curriculum were
examined regarding mathematical communication skills, it was determined that 70% of
learning outcomes were insufficient. Moreover, the relevant findings showed that the learning
outcomes of the 8th grade mathematics curriculum make a greater contribution to the learning
outcome of mathematical communication skills by students than the learning outcomes of the
other grade levels. In addition, as the grade level increases, it was observed that the learning
outcomes reflected mathematical communication skills more. This result can be explained by
the fact that, due to the cumulative nature of mathematics, the formation of basic conceptual
meanings occurs in the first years of middle school.

The current study’s findings revealed that the learning outcomes are more concentrated on
certain items of mathematical communication’s reading and writing dimensions. Of course,
these skills also have a significant role in developing mathematical communication skills, but
they are insufficient for improving mathematical communication skills. Writing and reading
skills do not only consist of using mathematical terminology appropriately and correctly, as
assumed in the middle school mathematics curriculum. Writing allows the individual to
restructure his/her thoughts and create individual meanings by taking control of his/her
learning into his/her own hands (Emig, 1977). The middle school mathematics curriculum does
not have any learning outcome to address not only this skill of reflecting thoughts, which is
one of the critical points of mathematical thinking and communication but also the skills of
writing for the mathematical writing process, writing about mathematics and creative writing
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about mathematics (problem posing, story writing). When the learning outcomes are
considered guides for other curriculum elements, it will be inevitable for middle school
mathematics teachers to organize teaching situations focusing on the one-way dimension of
reading and writing. This result is supported by the research findings of the study conducted
by Kabael and Ata Baran (2016), indicating that middle school mathematics teachers try to
impart mathematical communication skills by emphasizing the meaning of symbols, using
approaches for teaching mathematical concepts and using written or reading.

Another remarkable result of the study is that the indicators for the listening and speaking
dimensions of mathematical communication are included in the learning outcome set in the
middle school mathematics curriculum at a meager rate compared to the other dimensions. It
has been determined that there are implicit expressions for listening in the action statements
of some learning outcomes. However, there are no learning outcomes directly aiming at the
improving of listening skills. Parallel to the result obtained in the current study, Ozpinar and
Arslan (2017) also found that middle school mathematics teachers emphasized understanding
mathematical expressions, explaining symbols in writing, writing symbols correctly and
appropriately, and addressing the listening dimension indirectly.

The results show that the learning outcomes of the middle school mathematics curriculum
should be rearranged to serve the improving of mathematical communication skills and that
mathematical communication should be structured in more detail regarding the reading,
listening, speaking and writing dimensions.
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TURKCE GENIS OZET

Ortaokul Matematik Dersi Ogrenme Kazanimlarinin Matematiksel iletisim
Becerileri Acisindan Incelenmesi

Giris

Matematiksel iletisim becerisi, dustincelerin s6zll ve yazili ifadesinde matematiksel dili agik
ve inandirici bir sekilde kullanma becerisidir (National Council of Teachers of Mathematics
[NCTM], 2000). Matematiksel iletisim, o6grencilerin matematigin farkli temsilleri arasinda
(matematigin dili ve sembolleri arasinda) baglantilar kurmasini saglar. Matematiksel iletisim
becerilerinin okuma, konusma, dinleme ve yazma olmak Uzere dort ana boyutu vardir
(Thompson & Chappell, 2007).

Hedeflenen becerilerin 6gretim programlarinda kazanimlara dénustirilerek islevsel hale
getirilmesi, basarilarinin gézlemlenmesi ve degerlendirilmesi gerekli ve dnemlidir. Bu nedenle,
matematiksel iletisim becerilerinin gelistiriimesine yonelik program kazanimlarinin ve bunlarin
programin diger bilesenleriyle etkilesiminin degerlendirilmesi, matematik 6gretim programinin
ogeleri arasindaki uyumun anlasiimasi agisindan buyiuk 6nem tasimaktadir. Halihazirda
uygulanmakta olan matematik 6gretim programinin kazanimlari tzerine yapilan arastirmalar,
kazanimlarin ¢ogunlukla bilissel alanla ilgili oldugunu ve mufredatta Ust diizey becerilere
yonelik kazanimlarin sinirl sayida oldugunu go6stermektedir (Diker-Coskun, 2017). Bu
calismalarin sonugclarina paralel olarak 6grencilerin matematiksel yeterlilik dizeylerini farkli
baglamlarda izleyen ve degerlendiren sinavlar da matematik 6gretim programi ile 6grencilere
kazandinlmasi amaclanan becerilerin yeterince kazanilamayacagini gostermektedir (MEB,
2019). Ornegin PISA 2018 raporu ortaokul tiiriinde en disiik matematik yeterlilik puanini
gosteriyor. Ayrica 4. sinif ve 8. sinif dgrencilerinin katildigi TIMMS 2019 sonuglarina gore
Ulkemizde 8. sinif matematik puaninin 4. sinif seviyesinin altinda ve uluslararasi ortalamanin
altinda oldugu gérilmektedir (Diskiin & Korlu, 2021). Akademik Becerileri izleme ve
Degerlendirme  Projesi kapsaminda o&grencilerin  Ust duzey zihinsel becerilerinin
degerlendirilmesi amaclanmaktadir (MEB, 2019). 2018 sonuglari incelendiginde matematik
testinde 8. sinif dgrencilerinin %3'U ileri yeterlilik dizeyinde, %53'U alt temel ve temel
diizeydedir. lleri matematik yeterliginin icerdigi becerilere bakildiginda, 8. sinif 8grencilerinin
sadece %3'Unln karar verme, neden gosterme/dogrulama, orijinal problem ¢6zme, problem
kurma/kurma ve orijinal bir Grin/model Uretme/sentezleme becerilerine sahip oldugu
gorulmektedir. (MEB, 2019). Bu sinav sonugclari 6grencilerin matematiksel iletisim beceri
dizeyleri ile iliskilidir. Matematiksel yeterliklerin belirlendigi ve birbirini dogrulayan ulusal ve
uluslararasi sinav sonuclarn dikkate alindiginda, ortaokul matematik dersi 6gretim programi
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kazanimlarinin matematiksel iletisim becerilerini gelistirme islevine hizmet edip etmediginin
incelenmesine gereksinim duyulmaktadir.

Bu gereksinim dogrultusunda gerceklestirilen bu calismada, ortaokul matematik dersi
ogretim programi kazanimlarinin matematiksel iletisim becerileri agisindan incelenmesi
amaclanmaktadir.

Yoéntem

Arastirmada, dokiman analizi yontemi kullaniimistir. Calismada ortaokul 5-8. sinif
matematik dersi 6gretim programi kazanimlarinin matematiksel iletisim becerileri agisindan
incelenebilmesi icin arastirmacilar tarafindan “Matematiksel Iletisim Becerileri Rubrigi”
gelistirilmistir. Rubrik, 21 madde ve dort boyuttan olusmaktadir: Okuma, Yazma, Konusma,
Dinleme. Rubrik, aralik olcegi turindedir. Verilerin analizi, timdengelimsel icerik analizi
yaklasimi ile gerceklestirilmistir. Verilerin analizi strecinde ortaokul 5-8. sinif matematik
ogretim programi kazanimlar yetersiz (1), kismen yeterli (2), orta diizeyde yeterli (3), buyuk
Olcude yeterli (4) ve yeterli (5) seklinde kodlanmistir. Matematiksel iletisim becerilerini yansitma
dlzeyleri asagida verilen puan araliklarina gére degerlendirilmistir.

* 21-37: Yetersiz

* 38-54: Kismen Yeterli

* 55-71: Orta Derecede Yeterli
« 72-88: Blylk olcude Yeterli
« 89-105: Yeterli

Ogrenme kazanimlarin kodlama asamasinda; eylem ifadesinin &ncelikle matematiksel
iletisim becerilerinin hangi bilesenine yonelik oldugu belirlenmis ardindan eylem ifadesinin
bilissel beceri diizeyi belirlenerek matematiksel iletisim becerilerinin alt bilesenlerine gore
kodlamasi gerceklestirilmistir. Ornegin “M.8.1.1.1. Pozitif tam sayilarin asal carpanlarini Gslii
ifadelerin carpimi seklinde yazar.” kazanimi "yazma” eylemini icermesinden dolayl dogrudan
matematiksel iletisim becerilerinin yazma bilesenine yonelik oldugu goérilmektedir. Daha ¢ok
islemsel beceri (asal ¢arpan algoritmasi veya carpan agaci yontemi kullanimi) ve kavramsal
anlama (asal carpan kavrami) gerektirmesinden dolayi matematiksel iletisim becerilerinin
yazma bileseninin “matematiksel terminolojiyi (kavram ve sembolleri) uygun ve dogru bir
sekilde yazma/kullanma” alt bileseni agisindan yeterli (5) olarak kodlanmistir. Diger bilesenlerde
ve alt bilesenlerinde yetersiz (1) olarak kodlanmistir. Sonucta 21 bilesen Uzerinden analiz
edilerek toplam deger olan 25'e ulasiimistir. Elde edilen 25 degerinin yetersiz araliginda
olmasindan dolayi (21-37 Yetersiz), "M.8.1.1.1. Pozitif tam sayilarin asal carpanlarini Usla
ifadelerin carpimi seklinde yazar.” kazanimi matematiksel iletisim becerilerini kazandirmaya
hizmet etme diizeyi agisindan yetersiz olarak belirlenmistir.

Bulgular

5-8. sinif matematik dersi 6grenme kazanimlarinin 191'i (69.46) yetersiz dizeyde, 74'U
(%26.91) kismen yeterli dizeyde, 9'u (%3.27) orta diizeyde yeterli, 1'i (%0.36) buyuk 6l¢ide
yeterli diizeydedir. Dolayisiyla biylk bir kisminin matematiksel iletisim becerileri agisindan orta
dlizey ve altinda bir yeterlige sahip oldugu gorilmektedir. Bu kapsamda 5. sinif diizeyinde 77
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kazanimdan 66 tanesi (%85.71) yetersiz iken, 11 tanesi (%14.79) kismen yeterli dliizeydedir. 6.
sinif diizeyinde 74 kazanimdan 51 tanesi (%68.92) yetersiz, 23 tanesi (%31.08) kismen yeterli
dizeydedir. 7.sinif diizeyinde 59 kazanimdan 42 tanesi (%71.19) yetersiz, 17 tanesi (%28.81)
kismen yeterli dizeydedir.

Tartisma, Sonug ve Oneriler

Arastirmada matematiksel iletisim becerileri agisindan ortaokul matematik o6gretim
programinda yer alan kazanimlar incelendiginde toplam 275 kazanimin %70'inin yetersiz
oldugu belirlenmistir. Ayrica elde edilen bulgular, 8. sinif matematik 6gretim programi
kazanimlarinin  6grencilerin  matematiksel iletisim becerileri kazanimlarina diger sinif
seviyelerindeki kazanimlara gore daha fazla katki sagladigini géstermistir. Ayrica sinif diizeyi
yukseldikce matematiksel iletisim becerilerinin kazanimlara daha fazla yansidigi gérilmastur.
Bu sonug, matematigin birikimli dogasi geregi temel kavramsal anlamlarin olusumunun
ortaokulun ilk yillarinda gerceklesmesi ile aciklanabilir.

Mevcut calismanin bulgular, 6grenme ciktilarinin daha ¢ok matematiksel iletisimin okuma
ve yazma boyutlarinin (okuma, konusma, dinleme, yazma) belirli alt bilesenlerinde
yogunlastigini ortaya koymustur. Bu maddeler, “Kavramlarin anlamlarini ve aralarindaki iliskileri
yansitacak sekilde matematiksel ifadeleri, sorular, gorevleri veya gorselleri okuma” ve
“Matematiksel terminolojiyi (kavramlar ve semboller) uygun ve dogru bir sekilde
yazma/kullanma” seklindedir. Elbette bu becerilerin matematiksel iletisim becerilerinin
gelismesinde de dnemli bir rolt vardir, ancak yetersizdirler.

Arastirmanin bir diger dikkat ¢ekici sonucu ise, matematiksel iletisimin dinleme ve konusma
boyutlarina yonelik gostergelerin diger boyutlara gore yetersiz oranda yer almasidir. Baz
kazanimlarin eylem ifadelerinde dinlemeye yonelik ortik ifadelerin oldugu tespit edilmistir.
Ancak dogrudan dinleme becerilerinin gelistiriimesini amaclayan herhangi bir kazanim
bulunmamaktadir. Bu calismada elde edilen sonuca paralel olarak Ozpinar ve Arslan (2017) da
ortaokul matematik 6gretmenlerinin matematiksel ifadeleri anlamaya, yazida sembolleri
aciklamaya, sembolleri dogru ve uygun yazmaya ve dolayli olarak dinleme boyutuna
deginmeye 6nem verdiklerini bulmuglardir.

Elde edilen sonuclar, ortaokul matematik 6gretim programi kazanimlarinin matematiksel
iletisim becerilerinin gelisimine hizmet edecek sekilde yeniden diizenlenmesi ve matematiksel
iletisimin okuma, dinleme, konusma ve yazma boyutlarina gére daha detayl yapilandiriimasi
gerektigini gostermektedir.
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Appendix

Matematiksel iletisim Becerileri Rubrigi

Oztas, & Tunca-Gicli
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Maddeler 216 é
D
o
Matematiksel ifadeleri, soru, gérev veya gorselleri kavramlarin 1 2 3 |4 |5
anlamini,aralarindaki iliskileri yansitacak sekilde okuma
o Matematiksel ifade, soru, fikir, gérev veya gorselleri yorumlama 1 2 3 5
3 Okuduklarini dnceki bilgi ve deneyimleri ile baglantilar kurarak 1 2 3 5
o anlamlandirma
Okuma amacini belirleme 1 2 3 5
Anlama kontrol stratejileri kullanma 1 2 3 5
Matematiksel dlstincelerini ifade ederken uygun ve dogru matematiksel dil/ | 1 3 5
ifadeler kullanma
e Matematiksel muhakemelerini ve gerekcelendirmelerini paylasma 1 3 5
é’" Baskalarinin matematiksel dustincelerini degerlendirecek ifadelerde bulunma | 1 2 3 5
N Matematiksel ifadelerini insan ve nesneler arasindaki iliskileri ve nesnelerin 1 3 5
birbirleriyle iliskilerini anlamlandirmak icin kullanma
Baskalariyla tartisarak matematiksel fikirlerini diizenleme 1 3 5
Matematik ile ilgili konusmalari dogru anlama 1 2 3 5
Baskalarinin matematiksel akil yiritmelerindeki eksiklikleri veya bosluklari 1 2 3 5
gorme ve baskalarinin matematiksel diisiincelerini ve stratejilerini
g degerlendirme
% Yeni dislinceler ile var olan dustinceleri iliskilendirerek yeni bilgiler ve 1 2 3 14 5
a anlamlar insa etme
Baskalari tarafindan matematiksel bir dil kullanilirken matematigin anlam ve 1 2 3 |4 |5
dilini kullanarak insan ile nesneler arasindaki iliskileri ve nesnelerin
birbirleriyle iliskilerini anlamlandirma
Matematiksel dlstincelerini matematiksel dil kullanarak yazili ifade etme/ 1 2 3 |4 |5
paylasma
Matematiksel terminolojiyi (kavram ve sembolleri) uygun ve dogru bir sekilde | 1 2 3 |4 |5
yazma
Matematiksel dustinceleri matematiksel ifadelerle modellemek icin sembol, 1 2 3 14 5
© degisken ve matematiksel denklemleri dogru ve agik sekilde kullanma
% Matematiksel fikirleri farkli temsillerle uygun sekilde yazili ifade etme 1 3 5
> Matematiksel distincelerini yazil ifade ederken matematiksel dil kullanarak 1 2 3 5
insan ile nesneler arasindaki iliskileri ve nesnelerin birbirleriyle iligkilerini
anlamlandirma
Matematiksel dlstincelerini daha acik ve dogru yazili ifade etmeyi saglayacak | 1 2 3 |4 |5
stratejilerden yararlanma
Matematiksel yazma siirecini farkli amaglar icin kullanma 1 2 3 |4 5
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