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Abstract

This study aims to investigate secondary school students' perceptions of dimension-related concepts and
mathematical language skills. The sample of the study consists of students attending seventh and eighth grade of
a middle school in terms of socio-economic and socio-cultural conditions in Kocasinan district of Kayseri. In
the study, which utilizes a mixed-method approach, data were collected using tests developed by the researcher
with expert opinion support to measure students' mathematical language skills in the dimension domain and to
determine their perceptions of related concepts. The data were collected and statistically analyzed for evaluation.
According to the findings, there is a moderate, positive, and significant relationship between middle school
students' perceptions of concepts related to dimension and their total scores on the mathematical language skills
tests. Mathematical language skill scores were found to be close to the mean, and there was no statistically
significant difference in mathematical language skill scores based on gender and grade level. Students had
difficulty in making sense of the dimension and defining with words geometric concepts related to the subject,
and generally resorted to explanation with figures. However, it was observed that their knowledge level was not
sufficient to express the concepts.
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1. Introduction

Mathematics is a universal language that improves people's ability to think logically, systematically, analytically,
and critically. Mathematics has unique expressions, symbols and terms. Mathematical language is used to
communicate and understand the rules and scientific ideas, including mathematical concepts, operations and
symbols (Calikoglu Bali, 2003). For effective communication and productivity in mathematics education,
teachers and students should be able to understand each other's language and use it correctly. It is necessary to
know the symbols and what they represent, to choose the appropriate symbols for the given situations, and to use
them in a way that is consistent for everyone to understand mathematics (Boulet, 2007; cited in Yalvag, 2019).
Even a concept conveyed using the correct language does not create the same schema in the minds of teachers
and students; thus, concepts conveyed incorrectly can lead to misinterpretations and cause misconceptions.

While learning mathematical language, students acquire language skills and mathematical concepts
simultaneously (Ministry of National Education [MoNE], 2009). Mathematical definitions are one of the main
factors that constitute the structure of mathematics. Definitions are essential in the characteristic axiomatic
structure of mathematics (Edwards & Ward, 2008). Cakiroglu (2013) stated that when making a mathematical
definition, it is not enough to list the properties of the concept; selecting the necessary and sufficient properties
that can specify the concept by making logical inferences among them is essential. Regarding mathematical
language, definitions are important in expressing concepts' meanings and providing content integrity. A concept
is a form or structure of knowledge that finds meaning in the human mind and reflects the common properties of
different objects and phenomena (Ulgen, 2004). Knowledge of the concepts of a subject and the relationships
between these concepts form the basis of the subjects to be learned or taught. For this reason, a problem in
understanding basic concepts can affect other related subjects and cause problems. Therefore, it is necessary to
emphasize concept teaching and use appropriate expressions and precise mathematical language to define,
explain, and enable students to understand many abstract concepts related to the domain. The correct and active
use of mathematical language is believed to be effective in the conceptual understanding of mathematics and in
developing students' thinking skills (Toptas, 2015).

Geometry is one of the fields in which concept teaching and mathematical language play an active role.
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Geometry includes definite and indefinite concepts, axioms, and theorems (Dogan, 2015; Kii¢iik & Demir, 2009).
One of the approaches used in geometry education is to introduce concepts by moving from parts to wholes, that
is, from points to objects (Kili¢ et al., 2015). This approach creates defined geometry concepts using undefined
basic concepts such as 'point', 'line', 'plane’, and 'space' (Dogan, 2015). One topic that forms the basis of these
defined and undefined concepts is dimension. Dimension is a fundamental concept that forms the idea of length,
area and volume in the geometric sense (Dogan, 2015). In the mathematical context, dimension is defined in the
TDK dictionary as "each of the three directions of length, width and depth that can be measured in lines, surfaces
or objects." It is a concept we frequently encounter daily and use in different settings (TDK, 2024). Studies on
the concept of dimension begin with Euclid's (300 BC) definition of boundary notation (Manin, 2006). In
Euclidean geometry, an object is defined regarding its length, width, or height; it is expressed as one-dimensional
if it has only length; two-dimensional if it has length and height; three-dimensional if it has length, height and
depth (Ural, 2011). Similarly, in Plato's Republic - Book 7: "After the plane surfaces ... second dimension, the
third dimension comes next ... the cube and everything has a depth" (Mandelbrot, 1983; as cited in Peker &
Karakus, 2015, p.186). Neither Euclid nor Plato gave a direct definition for the dimensions of geometric objects,
adopting a more intuitive understanding (Peker & Karakus, 2015). This approach defines the dimension as length,
height, and width (Skordoulis et al., 2009).

Alexandroff (1932; 1961) and Pears (1975) state that the in-depth study of the concept of dimension by
mathematicians began in 1905 when Poincare introduced topology. Until then, an object's dimension was
considered an empirical way of extending it in different directions (Skordoulis et al., 2009). With the concept of
topology, different perspectives and definitions of the concept of dimension have emerged. A systematic
approach to the concept of dimension was realized by Freudenthal (2002). Freudenthal suggested that the
concept of dimension can be considered from three perspectives: Euclidean geometry, analytic geometry, and
topology. In addition to Freudenthal's dimension classification, Fractal dimensions can also be considered under
Topological dimensions.

In the study, the focus was on the Euclidean dimension, which is examined in the most basic sense at the
secondary school level, taking into account age and cognitive skills.Parallel to the dimension definitions in
Euclidean geometry, Freudenthal (2002) defines line, surface, and space in the Cartesian system as below;

- A line is a moving point.
- A surface is a moving line.
- Space consists of a moving surface.

Here, Freudenthal indicates the direction with the concept of movement. Thus, line, surface, and space can be
defined by adding the movement parameter (direction) to a new point.

Considering the dimensional definitions of Euclid, Plato, and Freudenthal, the following conclusions can be
drawn.

e There is the idea that only lines are one dimensional. However, a line is also a curve, and curves are one
dimensional. In other words, when we say one dimensional, we should not think of lines alone.

e Again, these definitions lead to the idea that planes and surfaces of solids are two dimensional.
Although the terms face and surface are often used interchangeably in solids, it should be noted that this
is not always correct. A face is the surface of a solid that is a plane. Although a face is also called a
surface, the term face cannot always be used interchangeably with surface. For example, the base of a
cone is a face, but its side surface cannot be called a face. A face is formed by the movement of a line,
but a surface can be formed by the movement of a curve.

e From the definitions of dimensions by Euclid, Plato, and Freudenthal, the idea is that a space composed
of faces and surfaces is three dimensional (Peker & Karakus, 2015).

In summary, the movement of a point creates a line or curve (one dimensional), the movement of a line creates a
surface or plane (two dimensional), and the movement of a face or plane creates an object (three dimensional).

Although dimension is an essential topic in mathematics education, it is not included in textbooks much
(Skordoulis et al., 2009). During the period when the 2009 mathematics curriculum was taught in Turkey, this
concept which we first encounter at school in the 5th- grade, is defined as the dimension of objects that can be
measured in any direction (such as length, width, height, depth) in the 5th-grade mathematics textbook. It is also
mentioned that the dimension concept is informally emphasized to develop the sense of space and that shapes
and objects are classified according to their dimensions (MoNE, 2009). This concept, which was included in the
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mathematics curriculum in the same way in 2004 and 2009, was not mentioned later. Only in the 2018 secondary
school mathematics curriculum, the concept of dimension was mentioned in the 7th grade gain of ‘Draws two-
dimensional views of three-dimensional objects from different directions’ (MoNE, 2018). Similarly, in the newly
published 2024 middle school mathematics curriculum, under the theme of seventh grade geometric quantities,
the explanation of the learning outcome of being able to analyze the relationship between structures formed with
identical cubes and their appearances includes the phrase, ‘Students are made to feel the two dimensional
appearances of three dimensional objects’ (MoNE, 2024). Based on the latest curriculum, this subject mentioned
in the seventh grade can actually be used in the pre-school period as a level for the development of intelligence,
attention and talent and in measurement activity books to develop the visual spatial intelligence of students. For
this reason, the fact that such a fundamental concept used in geometry and measurement learning is not included
sufficiently in primary, secondary, and even high school mathematics curricula may lead to difficulties
understanding the subject. Therefore, it is thought that this study will support the understanding of other
geometry subjects. In addition, it is among the aims of this research to bring the concept of dimension, which is
the basis of many geometric knowledge, to the agenda and to ensure that this concept is given the necessary
importance in mathematics teaching programs.

Dimension-related studies that have been done in this area are given below.

Skordoulis et al. (2009) investigated whether pre-service teachers' use of the coordinate plane when determining
the dimensions of a shape leads to misconceptions. As a result of their study, they found that the coordinate
system affects understanding the dimensional concepts both epistemologically and didactically.

In the study conducted by Vitsas and Koleza (2000) to examine the determination of the dimensions of
geometric shapes by students studying mathematics and the criteria they used in determination, it was observed
that one of the preferred criteria was the coordinate system and that the students determined the dimension more
accurately in the Euclidean plane compared to the Cartesian plane.

In the study by Ural (2011) measuring pre-service mathematics teachers' and master's degree students dimension
determination skills, participants were asked how many dimensions the named geometric shapes or objects had
and the criteria they used to determine their dimensions. According to study results, some participants made
mistakes in determining the dimensions for various reasons, such as misinterpreting the coordinate system,
having wrong ideas about the concepts of length and height, and using incorrect terminology in teaching
geometry. The participants criteria for determining dimensions were area-volume, number of axes, width-length-
height, and plane-space position.

Tat (2021) conducted a study to examine the dimension determination processes of 12th-grade students
regarding their success, methods used, and errors made and to determine the role of the dimension concept in
measuring length, area, and volume. Students were found to be most successful in determining the dimensions of
three-dimensional objects. Although the methods used to determine dimensions varied, they generally focused on
length, area, volume, emptiness or filling, and the number of axes used in the coordinate system. When these
studies are examined, it is seen that the coordinate system used in determining the dimension affects the
understanding of the concept of dimension. Therefore, it can be interpreted that the findings obtained from the
studies support each other. In addition, it can be stated that the criteria used in determining the dimension in the
studies of Ural (2011) and Tat (2021) are similar.

In the Duatepe Paksu et al. (2012) study determining conceptual images of dimension concept, pre-service
elementary teachers' were given various geometric shapes. First, they were asked to choose a geometric shape
with different dimensions. Secondly, they were asked to determine the dimensions of the given geometric shape
by justifying them. The findings showed that pre-service teachers' knowledge of the concept of dimension was
insufficient. When determining the number of dimensions, they focused on several criteria, such as the number
of sides, vertices, diagonals, and visible faces.

In a study conducted by Tuluk (2014) to learn the ideas and methods used by pre-service elementary teachers in
expressing their knowledge of point, line, surface, and space concepts and to interpret these representations in
terms of content knowledge and content teaching knowledge, Tuluk (2014) found that pre-service teachers only
showed one and two dimensional shapes on the plane while expressing the concepts, that verbal explanation of
dimension was insufficient to convey the meaning of the concept, and that comprehensibility could be increased
by using algebra, drawings, and dynamic geometry software. In parallel with the suggestions in this study, in the
study conducted by Altikardes and Yigit Koyunkaya (2020) to examine the effects of various mathematics-based
technology applications (such as virtual manipulatives, Geogebra and Cabri 3D dynamic mathematics-geometry
software) on high school students' perceptions of solids and dimensions, it was determined that there was a

19



Journal of Education and Practice www.iiste.org

ISSN 2222-1735 (Paper) ISSN 2222-288X (Online) L'Tiil
Vol.16, No.2, 2025 Ils E

positive change in the perceptions of all students regarding the concepts of solids and dimensions. While it was
seen that the students' knowledge about solids and dimensions was insufficient before the research, it was seen
that all the students used mathematical expressions correctly about solids and dimensions at the end of the
research. However, it can be concluded from these studies that prospective teachers and high school students'
knowledge about dimensions is not at a sufficient level.

In the study conducted by Karaca (2023), it was aimed to examine the level of comprehension of two and three
dimensional geometric shapes and objects of fourth-grade students within the framework of primary school
geometry achievements in the context of six different dimensions designed as defining and naming, describing,
comparing, classifying, visualizing and building simple structures, It was observed that students' geometric
reasoning regarding two and three dimensional shapes and objects varied according to the dimensions of the
study. It has been determined that students cannot demonstrate the desired performance in geometric reasoning
in comprehending two and three-dimensional shapes and objects from the primary school level geometry
objectives included in the curriculum. The themes that emerged regarding students' geometric reasoning in the
study were generally based on reasoning by counting, identifying prototypes, labeling relevant features, and
comparing known shapes. It is thought that students' incorrect geometric reasoning about two and three
dimensional shapes and objects is generally due to the use of incorrect terminology, misunderstandings about the
differences in the dimensions of shapes, failure to show the desired performance in combining and separating
skills, use of incorrect analogies, and inability to make formal reasoning. The findings also revealed that students
faced similar difficulties across the six dimensions on which the study was assessed. In a study conducted by
Piaget and Inhalder (1956) to examine children's knowledge about three dimensional objects, Children between
the ages of four and thirteen were given the shapes of a cube, pyramid, cylinder and cone, and then were asked to
first draw whatever they saw as three dimensional objects and then to draw the shape by imagining it. Similar
results were obtained from these studies, with the finding that the younger age group (primary and secondary
school students) cannot comprehend three dimensional objects.

In a study conducted by Ebersbach (2009) to investigate the properties used to define three dimensions by
estimating the volumes of rectangular prisms with the help of unit cubes, conducted by kindergarten students,
primary school students and adults, it was observed that there was no significant difference in the degree of use
of the attributes defining the three dimensions in volume estimation within the sample. On the other hand, it was
determined that the participants took into consideration and used the concepts of length, width and height at
equal levels.

When the literature is examined, there are many separate studies on mathematical concepts (Ata, 2013; Aydin
Karaca, 2014; Basisik, 2010; Birgin & Ozkan, 2012; Bozkurt & Kog, 2012; Cilavdaroglu, 2012; Cetin, 2009;
Erbay, 2016; Ergiin, 2010; Georgius, 2008; Gokce Ozdemir, 2014; Giimiis, 2019; Kaplan & Hizarci, 2005;
Karahan, 2021; Kasik¢1, 2022; Larson, 2007; Man, 2019; Nalbant, 2015; Orhan, 2022; Onder, 2019; Pickreign,
2007; Sayma, 2021; Soganct, 2006; Siizer, 2011; Tan Sisman & Aksu, 2009; Temel & Eroglu, 2014; Yaman et
al., 2003; Yenilmez & Demirhan, 2013; Yilmaz, 2015; Zazkis & Leikin, 2008,...) and mathematical language
skills (Adams et al., 2005; Akarsu, 2013; Akgiin, 2009; Albayrak, 2023; Aydin & Yesilyurt, 2007; Aydogan
Belen, 2018; Capraro & Joffrion, 2006; Cakmak, 2013; Cakmak et al., 2014; Calikoglu Bali, 2002; Calikoglu
Bali, 2003; Dogan & Giiner, 2012; Dur, 2010; Gezgin, 2023; Gray, 2004; Greenes et al., 2004; Giildal, 2022;
Kula Yesil, 2015; Mercer & Sams, 2006; Ozdiivenci Yavuz, 2022; Pazarbasi, 2015; Spiridonova & Savvinova,
2015; Unal, 2013; Woods, 2009; Yalvag, 2019; Yesildere, 2007; Yildiz, 2016; Yilmaz & Giizel, 2020; Yiizerler,
2013,...), but it is seen that the studies on dimension are limited to those given above and these studies are
mostly conducted with teacher candidates( Duatepe Paksu et al., 2012; Skordoulis et al., 2009; Tuluk, 2014;
Ural, 2011; Vitsas & Koleza, 2000). Thereupon secondary school students were preferred as the study group.
Additionally, no research has been found in which dimension, concept and mathematical language skills are
studied together. Therefore, it is thought that the study will contribute to the teaching of geometry learning field
by filling the gap in the literature.

1.1 Purpose of the Study

This study aims to examine secondary school students' conceptions of dimension and mathematical language
skills. The problem of this study was formulated as:

"What are secondary school students' perceptions of dimensional concepts, and what is the level of their
mathematical language skills?"

For this purpose, the following sub-problems were addressed:

20



Journal of Education and Practice www.iiste.org

ISSN 2222-1735 (Paper) ISSN 2222-288X (Online) I/.Tiil
Vol.16, No.2, 2025 Ils E

e How do secondary school students understand mathematical terms about dimension at a conceptual
level?

e What is the level of secondary school students' mathematical language usage skills about dimensions?

e Do students' mathematical language usage skills about dimension differ significantly by grade or
gender?

e [s there a significant relationship between secondary school students' conceptual understanding of
dimensions and their mathematical language usage skills about dimensions?

2. Methodology
2. 1. Study Model

A mixed method model that combines qualitative and quantitative methods was used in this study. The mixed
method is defined as research in which data are collected and analyzed using different approaches, findings are
integrated, and future predictions are made (Tashakkori & Creswell, as cited in Yildinm & Simsek, 2016).
According to Yildirim and Simgek (2016), the essential feature of the mixed-methods model is that the data
collected using different approaches are used to verify each other, which increases the validity and reliability of
the research findings and makes them stronger. Creswell's (2003) simultaneous transformational design of the
mixed method was preferred because qualitative and quantitative data were collected at the same time and
analyzed separately, the priority of data types was not important, the combination was mostly made at the data
interpretation stage or during data analysis if the data was transformed, and it provided a better understanding of
the phenomenon under study.

2. 2. Universe-Sample

While the universe of the study consisted of seventh and eighth grade students of a secondary school in
Kocasinan district of Kayseri province, the sample of the study was determined as the seventh and eighth grade
students of a public school in Kocasinan district. A total of 150 students, 78 girls and 72 boys, from the 7th and
8th grades, who were selected in accordance with the purpose of the research and taking into account age and
cognitive skills, were studied in the process of collecting both quantitative and qualitative data. In the study,
convenience sampling method, which is one of the non-random sampling methods, was used. Christensen et al.
(2015) stated that the convenience sampling method is sampling from individuals who are easy to reach,
available, and willing to participate in the research. In educational research, it is generally very difficult, and
sometimes impossible, to determine a random or systematic sample. In such cases, convenience sampling
method may be preferred.

2. 3. Data Collection Tools

The data collection tools used in this study consist of a test for concepts and a test for mathematical language
skills, prepared by the researcher after receiving expert opinion and taking into account the curriculum of the 7th
and 8th grades. The test for concepts consists of three open-ended questions, and the first question asks for the
definition of the concepts of dimension, one dimensional, two dimensional, three dimensional, length, width,
depth, solid object, prism, line, line segment, surface, edge, lateral edge , polygon, polygonal region, circle,
circle region, circumference, area and volume. In the second question of the test, the given six shapes are asked
to be divided into three groups and to state how they are classified, and in the third question, the calculation of
perimeter, area and volume is expected to be made by writing the dimensions of the given shapes. The first sub-
problem of the research was answered by qualitatively analyzing the test regarding concepts, the answers given
in the same test were scored, the qualitative test was converted to quantitative and analyzed, and the fourth sub-
problem was answered by examining its relationship with mathematical language skills. The test for
mathematical language skills consists of nine open-ended questions with sub-items related to measuring length,
volume, posing problems, and drawing the appearances of three-dimensional objects. This test was analyzed
quantitatively and the second, third and fourth sub-problems of the research were answered.

2. 4. Data Collection

In the study, firstly, open-ended tests developed by the researcher after receiving the opinions of experts
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consisting of a faculty member and two mathematics teachers were applied to 35 seventh and eighth grade
students as a pilot study in order to measure the students' mathematical language skills on the subject of
dimension and to determine their perceptions of the concepts related to the subject. The reliability of the concept
test was found to be 0.820, and the reliability of the mathematical language skills test was found to be 0.683. For
both tests, item discrimination and difficulty values were calculated and no changes were made to the concept
test, but in the mathematical language skills test, six items were removed because they were deemed necessary
and reduced reliability. In the last case, the reliability of the mathematical language skills test was calculated as
0.702. Since these values are greater than 0.70, it can be concluded that the reliability coefficient is at a sufficient
level, in short, the scores obtained from these items are reliable (Akbulut, 2010). Following the pilot study, the
tests were prepared for a total of 150 students, 75 of whom were in the 7th grade and 75 of whom were in the 8th
grade, and were administered collectively in the classes after a certain period of time had elapsed after the
subject was covered. Two class hours were given for the concept test and one class hour was given for the
mathematical language skills test. Reliability coefficients of the data obtained from the applied tests are given
below.

Table 1. Reliability coefficients of concept test and mathematical language skills test

Test Cronbach's Alpha Number of items N
Concept 0.828 50 150

Mathematical Language

Skills 0.801 20 150

As seen in Table 1, the reliability coefficients of the data obtained from the concept and mathematical language
skills tests applied to 150 students were found to be 0.828 and 0.801, respectively, so it can be said that the
scores obtained from the tests are reliable.

2. 5. Data Analysis

The findings obtained from the tests on concepts and mathematical language skills were analyzed and evaluated
qualitatively and quantitatively.

The answers given in the qualitative part of the research were categorized and the students' perceptions of the
concepts were analyzed using frequency and percentage tables and content analysis. During content analysis, the
data were coded independently by two separate coders, and then the percentage of agreement between the coders
was calculated using the Miles and Huberman (1994) reliability formula (Reliability = Consensus / (Consensus +
Disagreement)). Accordingly, the agreement percentage between the coders was found to be 90%. This value
shows that the results obtained are reliable.

In the quantitative part of the study, questions answered correctly for the test of mathematical language skills and
concepts were evaluated as one point, and questions answered incorrectly or left blank were evaluated as zero
points. The highest score that students can get for the mathematical language skills test is 20, and it can be
interpreted that students who get a high score from this test have a high level of mathematical language skills,
and the highest score that students can get for the concept test is 50, and it can be interpreted that students who
get a high score from this test have a high level of perception of the concepts.

SPSS 25.0 was used for statistical operations in the quantitative analysis of the data. The mathematical language
skill levels of secondary school students on the subject of dimension are shown descriptively in the table. In
order to investigate whether there is a significant difference in secondary school students' mathematical language
skill scores regarding dimension according to gender and grade level, firstly the skewness coefficient and
Kolmogorov-Smirnov test results, which provide information about whether the data showed a normal
distribution, were examined. Then, in this direction, whether the mathematical language skills of secondary
school students created a significant difference according to gender and class level was evaluated with the
Independent group t-test. The relationship between students' mathematical language skills and their perceptions
of the concepts was examined using Pearson Correlation.
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This section presents statistical analyses of the data obtained from the tests for dimensional concepts and
mathematical language skills.

3. 1. Findings of the First Sub-Problem

In order to find an answer to the first sub-problem of the research, “How do middle school students understand
mathematical terms about dimension at a conceptual level?”, the students were first asked the question “Define
the concepts given below” in the three-question test on concepts. The results of this question are shown below.

Table 2. Findings related to the definitions of the dimension concept

Term Codes f %
Length of the object in any direction 12 8.00
Height of the object 4 2.66
Appearance of the object 24 16.00
Size of the object 7 4.66

Dimension Length of the object 13 8.66
Surface, part of an object 8 5.33
Display unit 4 2.66
Realism 1 0.66
Perspective 3 2.00
Blank 74 49.33

As shown in Table 2, half of the students had difficulty defining the dimension and left it blank. 8.66% of the
students defined dimension as the object's length and 8.00% defined it as the object's length in any direction.
Accordingly, most students failed to define dimension, an abstract concept. They perceived it as size and
magnitude as used in everyday life. If we accept "the length of an object in any direction", "the length of an
object", and "the height of an object" as correct for secondary school level, only 19.32% of them achieved to
explain the concept of dimension. Below are examples of correct and incorrect answers belonging to students.

“The length of a shape in any direction (width, length and height).”

“Whether an object is small or large is called a dimension.”

Table 3. Findings related to the definition of one dimensional

Term Codes f %
13 8.66
O [ ] 48 32.00
One ) -
Dimensional View from one side 17 11.33
An object with only length, no thickness, no height 7 4.66
(area & volume cannot be calculated)
Blank 65 43.33

As seen in Table 3, students also had difficulty defining one dimensional. 43.33% of the students left it blank,
and 40.66% failed to express one dimensional verbally and used shapes to explain it. In general, those who used
a shape or expressed it as an object with only length, without thickness and height (area and volume cannot be
calculated) achieved to define one dimensional correctly (45.32%). Below are examples of correct and incorrect
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answers belonging to students.
“We can think of shapes that consist only of length, without area or volume, as one-dimensional.”

“A single view of an object means it is one-dimensional.”

Table 4. Findings related to the definition of two dimensional

Term Codes f %

15 10.00

. 13 8.66
Two 26 17.33

Dimensional

View of two sides 10 6.66

Objects with only width and length 7 4.66

Depth 2 1.33
Blank 77 51.33

As seen in Table 4, students also had difficulty defining two dimensional. Half of the students left it blank, and
one-third failed to express it verbally as in 1-dimensionality and used shapes to explain it. Those who drew a
rectangular shape or defined it as objects with width and length expressed two dimensional correctly (13.32%).
Below are examples of correct and incorrect answers belonging to students.

“If we add width to the length (height) in one dimension, we will have passed to two dimensional.”

“If we can see two sides of an object when we look at it, we can say that this object is two-dimensional.”

Table 5. Findings related to the definition of three dimensional

Term Codes f %

i 3 2.00

46 30.66
Three Volume can be calculated; filled; has width and height 7 4.66
Dimensional The view of 3 sides 11 7.33
Size of the object 4 2.66
The most realistic version of the object 12 8.00
Prism, box, cube 3 2.00

Blank 64 42.66

As seen in Table 5, students also had difficulty defining three dimensional.42.66% of the students left it blank,
and 32.66% failed to express it verbally and used shapes to explain it. Those who drew a filled cube or defined it
as a cube whose volume can be calculated or a filled object with width, length, and height, expressed three
dimensional correctly (6.66%). Below are examples of correct and incorrect answers belonging to students.

“Geometric objects whose volume we can find with width, length and height are three dimensional.”

“In the three dimensional form of the shape looks more vivid and realistic.”
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Table 6. Findings related to the definition of length

Term Codes f %
Height 45 30.00
Can be measured with a ruler 25 16.66
Height above the ground (vertical length) 20 13.33
Length )
Size 2 1.33
Expressed by drawing a shape 21 14.00
Blank 37 24.66

Table 6 shows that students who had difficulty defining dimension, an abstract concept, did not experience much
difficulty explaining the concept of length, which they encounter and use more frequently in everyday life. The
number of students who left it blank dropped to 24.66%. 30% of the students defined length as height, 16.66%
defined it as something that can be measured with a ruler, and 13.33% defined it as height above the ground. In
general, those who defined length as height, which can be measured with a ruler, and those who responded by
drawing a shape defined length correctly (60.66%). Below are examples of correct and incorrect answers
belonging to students.

“For example, we can calculate the length of something using a ruler.”

“Like the size, I couldn't write it exactly.”

Table 7. Findings related to the definition of width

Term Codes f %
Length, thickness 41 27.33
Covered area, size of the object 22 14.66
Width Vertical length 6 4.00
Expressed by drawing a shape 25 16.66
Blank 56 37.33

As shown in Table 7, 27.33% of the students defined width as thickness, 16.66% defined it by drawing a shape,
and 14.66% defined it as the object's size. In general, those who defined width as thickness and those who
responded by drawing a shape expressed width correctly (44%). Below are examples of correct and incorrect
answers belonging to students.

“The width of an object.”

“The area covered by any object in the environment in which it is located.”

Table 8. Findings related to the definition of depth

Term Codes f %
Height: the distance of an object from the surface; the 61 40.66
length measured from the ground up.

The hole inside the object 4 2.66
Depth o .

Length of the inside of the object 8 5.33

Expressed by drawing a shape 46 30.66

Blank 31 20.66

As shown in Table 8, 40.66% of the students defined depth as height, while 30.66% explained it by drawing a
shape. Those who defined it as height, the distance of the object from the surface, the length measured from the
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ground and those who responded by drawing a shape expressed depth correctly in the language of this age group
(71.32%). Below are examples of correct and incorrect answers belonging to students.

“The measured distance of the object from the horizontal plane we are located downwards.”

“Voids in matter.”

Table 9. Findings related to the definition of solid object

Term Codes f %
The state in which objects particles are closest to each other. 4 2.66
With volume and mass 11 7.33
We can feel with one of our five senses (touch, etc.). 21 14.00
Expressed with shapes and examples 18 12.00

Solid Object Rigid object 32 21.33
Non-fluid object 32 21.33
Having a particular volume and having all the components of 2 1.33
width, length and depth (3D)
Blank 30 20.00

Table 9 shows that 42.66% of the students defined a solid object as a rigid, non-fluid object, while 20% failed to
define it and left the question blank. Those who defined it as having volume and mass, having a particular
volume, or having all the components of width, length, and depth, and those who responded by drawing a shape
or giving an example expressed solid objects correctly (20.66%). Below are examples of correct and incorrect
answers belonging to students.

“A three dimensional geometric object with a width, length, height, whose volume we can find.”

“Objects that we can hold with our hands and see with our eyes are called solid objects. That's what we saw in
science class.”

Table 10. Findings related to the definition of prism

Term Codes f % As
Geometric shape (triangle, square, circle) 13 8.66 sho
Objects with a polygonal bases and rectangular lateral faces 4 2.66 wn
. Expressed with shapes and examples 56 37.33 n
Prism ) . ) Tabl
3-dimensional object 32 21.33 e 10,
With types such as triangular prism, square prism 9 6.00 37.3
0,
Blank 36 24.00 3%
of

the students explained the prism with shapes and examples, 21.33% defined it as a 3-dimensional object, and
24% failed to define it and left it blank. Those who defined it as an object with a polygonal bases and rectangular
lateral faces and those who responded with drawings and examples explained prism correctly (40%). Below are
examples of correct and incorrect answers belonging to students.

“We call a prism an object whose base is a polygon and its sides are rectangles.”

“Three-dimensional objects are prism.”
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Table 11. Findings related to the definition of line

Term Codes f %
22 14.66
47 31.33
Line A set of points extending infinitely at both ends 42 28
Points that start at a point and go on infinitely 19 12.66
( >
Blank 20 13.33

Table 11 shows that 45.99% of the students explained the line with shapes, 28% defined it verbally, and 12.66%
explained it both verbally and by drawing a shape. 59.33% of the respondents who defined the line as a set of
points extending infinitely at both ends or responded with a shape ( ) expresssd the line correctly (59.33%).
Below are examples of correct and incorrect answers belonging to students.

“A straight line that extends indefinitely at both ends.”

“A line with one side fixed and the other side extending to infinity.”

Table 12. Findings related to the definition of line segment

Term Codes f %

44 29.33

17 11.33

) A set of points bounded at both ends 43 28.66
SeI;;rIrllZnt Points that start at a point and go on infinitely 22 14.66

( —>

A straight line whose length can be measured 2 1.33
Blank 22 14.66

As shown in Table 12, 40.66% of the students showed the line segment with a shape, 28.66% defined it verbally,
and 14.66% explained it both verbally and by drawing a shape. Students who defined the line segment as a set of
points bounded at both ends, or a straight line whose length can be measured and those who responded with a
drawing ( ) expressed the line-segment correctly (59.33%). Below are examples of correct and incorrect
answers belonging to students.

“A straight line whose length we can calculate (sets of point).”
“One of the two ends is a piece of the line that goes to infinity.”
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Table 13. Findings related to the definition of surface

Term Codes f %
Any part of an object 5 3.33
Every point of an object in contact with the air 6 4.00
Top of an object 22 14.66
Expressed with shapes 57 38.00
The shape formed by joining the edges 2 1.33
Surface
1-dimensional shape 2 1.33
Shape whose area can be calculated 3 2.00
Polygons forming the prism 6 4.00
The flat and outer side 14 9.33
Blank 33 22.00

Table 13 shows that 38% of the students showed the surface with a shape, 14.66% defined it as the top of an
object, and 9.33% explained it as the flat and outer side. Those who defined the surface as the polygons forming
the prism, whose area can be calculated, or responded with a shape expressed the surface correctly (44%). Below
are examples of correct and incorrect answers belonging to students.

“The shapes that form the base and side faces, where we can find the area of geometric objects such as prisms,
pyramids and cylinders, are called surfaces.”

“The top of something.”

Table 14. Findings related to the definition of edge

Term Codes f %
The line segment connecting two corners 21 14.00
Corner 13 8.66
Edge Where two surfaces meet 14 9.33
Expressed with shapes 75 50.00
Blank 27 18.00

As shown in Table 14, half of the students expressed the edge with a shape, 14% defined it as a line segment
connecting two corners, and 9.33% explained it as where two surfaces meet. Those who defined it as a line
segment connecting two corners and those who responded with a drawing expressed the edge correctly (64%).
Below are examples of correct and incorrect answers belonging to students.

“A straight line segment connecting two corners of a geometric shape, such as a triangle, quadrilateral, or
pentagon.”

“Corners outside an object.”
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Table 15. Findings related to the definition of lateral edge

Term Codes f %
Edge 32 21.33
Line segment separating two surfaces 13 8.66
Lateral Separate things 7 4.66
Edge Expressed with shapes 23 15.33
The edges of prisms 17 11.33
Blank 58 38.66

Table 15 shows that 38.66% (1/3) of the students had difficulty defining the lateral edge and left it blank. 21.33%
defined the lateral edge as an edge, while 15.33% expressed it by drawing a shape. Those who defined it as a line
segment separating two surfaces from each other or the edges of prisms and those who responded by drawing a
shape expressed it correctly (35.33%). Below are examples of correct and incorrect answers belonging to
students.

“Line connecting the corners of three dimensional objects.”

“They are things that are separate from each other.”

Table 16. Findings related to the definition of polygon

Term Codes f %
Shapes with many sides 33 22.00
Shapes with at least 3 sides and 3 corners 25 16.66
Closed shapes with at least 3 sides 11 7.33
Polygon )
Expressed with shapes 50 33.33
Lines with edges and corners 4 2.66
Blank 27 18.00

As shown in Table 16, 1/3 of the students expressed polygons by drawing a shape, while 22% defined polygons
as shapes with many sides. Only 7.3% mentioned the property of having at least 3 sides and being closed. Those
who defined polygons as closed shapes with at least three sides and those who responded by drawing shapes
expressed polygons correctly (40.66%). Below are examples of correct and incorrect answers belonging to
students.

“They are geometric shapes with at least three sides. The shape must be closed.”

“Shapes with many sides are polygons.”

Table 17. Findings related to the definition of polygonal area

Term Codes f %
Filled polygon 19 12.66
The surface formed by multiple polygons 4 2.66

11 7.33
Polygonal |:|
Area
[ ] : ¢

Blank 110 73.33
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Table 17 shows that 3/4 of the students failed to define the polygonal region. 12.66% expressed it as a filled
polygon, while 11.33% used a shape to explain it. Those who defined polygonal area as a filled polygon and
those who drew a filled polygon expressed the polygonal region correctly (16,66%). Below are examples of
correct and incorrect answers belonging to students.

“Filling of a one-dimensional polygon.”

“It's probably something like a surface formed by combining polygons.”

Table 18. Findings related to the definition of circle

Term Codes f %

A shape formed by joining the points equidistant from 9 6
a point
Closed round with interior filled 2 1.33

Circle Empty circle 60 40
Expressed with shapes 58 38.66
Circular 8 5.33
Blank 13 8.66

As shown in Table 18, 40% of the students defined the circle as a hollow circle, while 38.66% expressed it by
drawing a shape. Those who defined the circle as a hollow circle or as a shape formed by joining the points
equidistant from a point and those who responded by drawing a shape expressed the circle correctly (84.66%).
Below are examples of correct and incorrect answers belonging to students.

“The empty interior of the circle.”

“Filled round shapes.”
Table 19. Findings related to the definition of circular region
Term Codes f %
Empty circle 23 15.33
The shape formed by the circle and the inner region of 6 4
the circle
Circular Round 5 3.33
Region Filled circle 67 44.66
Expressed with shapes 40 26.66
Circular region 1 0.66
Blank 8 533

Table 19 shows that 44.66% of the students defined the circle as a filled circle, while 26.66% expressed it by
drawing a shape. Those who defined the circle as a shape formed by the union of the circle and its inner region
or the circular region or a filled circle, and those who responded by drawing a shape expressed the circle
correctly (76%). Below are examples of correct and incorrect answers belonging to students.

“Considering the circle and the inner region of the circle together.”
“Round things.”
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Table 20. Findings related to the definition of circumference

Term Codes f %
The surroundings, the outer region of an object 23 15.33
The sum of the side lengths of a geometric shape 31 20.66
Circumference  Explained through example 32 21.33
Expressed with shapes 20 13.33
Blank 44 29.33

As shown in Table 20, 29.33% of the students had difficulty defining the circumference and left it blank. 21.33%
explained it through example, while 20.66% expressed it as the sum of the side lengths of a geometric shape.
Those who defined the circumference as the sum of the side lengths of a geometric shape or explained it by
drawing a shape or through an example expressed the circumference correctly (55.32%). Below are examples of
correct and incorrect answers belonging to students.

“For example, when finding the perimeter of a square with side length a br , we add the lengths of the sides that
forms the square and find 4a br.In other words, we call all the edges that forms the shape as the perimeter of the
shape.”

“The outer region of an object.”

Table 21. Findings related to the definition of area

Term Codes f %
The space occupied by an object 18 12
Multiplication of sides 34 22.66
Explained through example 32 21.33

Area )
Inner region 25 16.66
Number of unit squares 1 0.66
Blank 40 26.66

Table 21 shows that % of students had difficulty defining the area and left it blank. 22.66% explained it as the
product of the sides, while 21.33% expressed it by giving an example. Those who defined the area as the space
occupied by the object or the interior region and those who explained it through example expressed the area
correctly (50%). Below are examples of correct and incorrect answers belonging to students.

“The space occupied by an object in 2 dimensions, region.”

“If we multiply the sides, we find the area.”

Table 22. Findings related to the definition of volume

Term Codes f %
Mass, weight 17 11.33
The space occupied by an object in space 42 28
Volume Explained through example 17 11.33
m? 4 2.66
Blank 70 46.66

As shown in Table 22, almost half of the students had difficulty defining volume and left it blank. 11.33%
thought it was the same as mass and weight, while another 11.33% explained it through an example. Those who
defined it as the space occupied by an object in space or explained through example expressed the volume
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correctly (39.33%). Below are examples of correct and incorrect answers belonging to students.
“The place an object occupies in space in 3 dimensions.”
“The weight of an object is equal to its volume.”

The second question of the test is “Divide the shapes below into three groups. It is expressed as "specify your
classification criteria. The findings regarding this question are given below.

Table 23. Categories formed according to classifications

Categories f %
Those who form only 1 group correctly 88 58.66
Those who form all groups correctly 34 22.66
Those who fail to form groups 16 10.66
Blank 12 8

As shown in Table 23, 58.66% of the students formed only one group correctly, and 22.66% formed all groups
correctly. 65 students who formed only one group put triangle and rectangle made of cardboard together and did
not form any other group. As classification criteria, 21 students stated they were made of the same material. The
remaining 44 students categorized rope as a group, triangle and rectangle as another group, and eraser, sugar
cube, and triangular prism as another, saying that they were categorized according to the number of dimensions.
Of the 88 students who formed only one group correctly, 22 put sugar cubes and erasers in a group, stating they
were three dimensional and did not form any other group. The remaining one student formed a group by putting
the triangular prism and the rope and gave no reason.

Of the 34 students who formed all groups correctly, only five mentioned dimensions as a reason, 10 stated that
they were similar in shape and structure, and 19 gave no reason.

The third question of the test is expressed ,"By writing the number of dimensions of the following shapes,
determine which one or which of them we can calculate the circumference, area and volume." The findings
regarding this question are given below.
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Table 24. Findings on the number of dimensions

Geometric Number of Dimensions f %
Shape
Circle 1 105 70
2 5 3.33
3 0 0
Blank 40 26.66
Rectangular 1 80 53.33
region 2 23 15.33
3 0 0
Blank 47 31.33
Pentagonal 1 81 54
region P 24 16
3 0 0
Blank 45 30
Triangle 1 99 66
2 8 5.33
3 10 6.66
Blank 33 22
Square Prism 1 4 2.66
(Wire) 2 24 16
3 57 38
Blank 65 43.33
Rectangular 1 0 0
Prism 2 42 28
(Cardboard)
3 63 42
Blank 45 30
Cube (Wood) 1 0 0
2 23 15.33
3 79 52.66
Blank 48 32

As shown in Table 24, 70% of the students correctly stated the number of dimensions of the circle, 66% of the
triangle, and 52.66% of the wooden cube. However, the percentage of correct answers for the number of
dimensions of other geometric shapes is relatively low. Rectangular region was answered correctly by 15.33%,
pentagonal region by 16%, rectangular prism (cardboard) by 28% and square prism (wire) by 2.66%. Most
students thought the rectangular and pentagonal regions were one dimensional, and the rectangular prism
(Cardboard) was three dimensional. The square prism (wire) was left blank because they could not determine its
dimensions.
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Table 25. Findings on the circumference of the shape

Geometric Circumference f %
Shape
Circle Calculable 101 67.33
Incalculable 23 15.33
Blank 26 17.33
Rectangular Calculable 116 77.33
region Incalculable 8 5.33
Blank 26 17.33
Pentagonal Calculable 115 76.66
region Incalculable 10 6.66
Blank 25 16.66
Triangle Calculable 118 78.66
Incalculable 6 4.00
Blank 26 17.33
Square Prism Calculable 101 67.33
(Wire) Incalculable 18 12.00
Blank 31 20.66
Rectangular Calculable 102 68.00
Prism Incalculable 21 14.00
(Cardboard)
Blank 27 18.00
Cube (Wood) Calculable 100 66.66
Incalculable 16 10.66
Blank 34 22.66

Table 25 shows that most students stated that circumference is calculable for all one, two and three dimensional
geometric shapes whose length can be measured, which can be interpreted as students know about measuring

length.
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Table 26. Findings on the area of the shape

Geometric Area f %
Shape
Circle Calculable 74 49.33
Incalculable 40 26.66
Blank 36 24.00
Rectangular Calculable 124 82.66
region Incalculable 3 2.00
Blank 23 15.33
Pentagonal Calculable 112 74.66
region Incalculable 9 6.00
Blank 29 19.33
Triangle Calculable 92 61.33
Incalculable 28 18.66
Blank 30 20.00
Square  Prism Calculable 91 60.66
(Wire) Incalculable 24 16.00
Blank 35 23.33
Rectangular Calculable 103 68.66
Prism Incalculable 21 14.00
(Cardboard)
Blank 26 17.33
Cube (Wood) Calculable 105 70.00
Incalculable 19 12.66
Blank 26 17.33

Table 26 shows that, regarding the two and three dimensional geometric objects whose area can be calculated,
students marked the following shapes with the following percentages: 82.66% for the rectangular region, 74.66%
for the pentagonal region, 68.66% for the rectangular prism (cardboard), and 70% for the wooden cube. In
addition, they marked calculable for the following one dimensional shapes: 49.33% for circle, 61.33% for

triangle and 60.66% for square prism (wire).
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Table 27. Findings on the volume of the shape

Geometric Volume f %
Shape
Circle Calculable 27 18.00
Incalculable 78 52.00
Blank 45 30.00
Rectangular Calculable 38 25.33
region Incalculable 72 48.00
Blank 40 26.66
Pentagonal Calculable 40 26.66
region Incalculable 69 46.00
Blank 41 27.33
Triangle Calculable 24 16.00
Incalculable 79 52.66
Blank 47 31.33
Square  Prism Calculable 97 64.66
(Wire) Incalculable 20 13.33
Blank 33 22.00
Rectangular Calculable 108 72.00
Prism Incalculable 8 533
(Cardboard)
Blank 34 22.66
Cube (Wood) Calculable 111 74.00
Incalculable 10 6.66
Blank 29 19.33

As shown in Table 27, 74% of the students answered that the volume of the wooden cube, one of the three
dimensional geometric shapes, is calculable. 64.66% of the students gave the same answer for the one
dimensional wire prism and 72% for the two dimensional rectangular prism (cardboard).

3.2. Findings of the Second Sub-Problem

In order to answer the second sub-problem of the study, "What is the level of secondary school students'
mathematical language usage skills about dimensions?", the descriptive values related to the scores obtained
from the mathematical language skills test were analyzed. The arithmetic mean of 7- and 8"-grade students'
skills in using mathematical language about dimension (X = 10.31, SD = 4.045) was approximately equal to the
mean score obtainable from the scale (Xscale= 10). Accordingly, it can be said that the mathematical language
skills of 7"- and 8'-grade secondary school students on the dimension are close to the average.

3.3. Findings of the Third Sub-Problem

The data obtained from the Mathematical Language Skills Test were statistically analyzed to answer the third
sub-problem of the study, "Do 7"- and 8™-grade secondary school students' mathematical language usage skills
about dimension differ significantly by grade or gender?". First, the Kolmogorov-Smirnov test was used to
determine whether the data were normally distributed. The p-value was below 0.05 (p=0.000), showing that the
data were not normally distributed. Normality was also checked by using the skewness coefficient. According to
Huck (2012), Hair et al. (2013), kurtosis and skewness values between -1 and +1 show normal distribution; this
range is between -1.5 and +1.5 for Tabachnick and Fidel (2013). The Table below shows descriptive values of
7% and 8™-graders' mathematical language skill scores on dimension.

36



Journal of Education and Practice www.iiste.org
ISSN 2222-1735 (Paper) ISSN 2222-288X (Online) JLLEE]
Vol.16, No.2, 2025 Ils E

Table 28. Descriptive values of mathematical language skill scores

Statistics Mathematical Language Skill Test
Mean 10.31
Standard error of the mean 0.330
Median 11.00
Mod 11.00
Standard deviation 4.045
Variance 16.362
Skewness coefficient -0.109
Standard error of skewness 0.198
Kurtosis coefficient -0.564
Standard error of kurtosis 0.394
Range 18.00
Minimum score 2.00
Maximum score 20.00
Overall 1546

The skewness of the Mathematical Language Skills test was -0.109 in Table 28; therefore, it was assumed that
the data were normally distributed.

Kolmogorov-Smirnov test was applied for each grade level to determine whether 7®- and 8"%-grade students'
mathematical language skills about dimension differed according to their grade level. The p-value of the 7%
graders was below 0.05 (p=0.000), and the p-value of the 8" graders was above 0.05 (p=0.200), indicating that
the data were not normally distributed. Normality was also checked using the skewness coefficient. The
descriptive values of the mathematical language skills scores by grade are shown in Table 29.

Table 29. Descriptive values of mathematical language skill scores by grade

Grade Statistics Mathematical Language Skill Test
7% Grade Mean 10.19
Median 11.00
Standard deviation 3.597
Variance 12.938
Skewness coefficient -0.274
Standard error of skewness 0.277
Kurtosis coefficient -0.005
Standard error of kurtosis 0.548
Range 18.00
Minimum score 2.00
Maximum score 20.00
8t Grade Mean 10.43
Median 11.00
Standard deviation 4.470
Variance 19.978
Skewness coefficient -0.051
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Standard error of skewness 0.277

Kurtosis coefficient -0.940

Standard error of kurtosis 0.548

Range 17.00

Minimum score 2.00

Maximum score 19.00

Table 29 shows that the skewness coefficient of the Mathematical Language Skills Test is -0.274 for 7" grade
and -0.051 for 8" grade, indicating normal distribution. Thus, the Independent Samples t-test, one of the
parametric tests, was used. The significance of the Independent Sample t-test was above 0.05 (p= 0.718), so
there was no significant difference between students' mathematical language skills according to grade level
[t(150)= -0.362; p=0.718]. On the other hand, statistical significance is affected by sample size (Fan, 2001); a
more accurate interpretation of the results can be made by calculating the effect size. Cohen's d formula (Cohen,
1988) is widely used to calculate effect size. The d value was found to be 0.0595 using this formula. Since this
value is between -0.20 and 0.20, it is considered low.

Kolmogorov-Smirnov test was applied for gender to determine whether 7"- and 8"-grade students' mathematical
language skills about dimension differed according to gender. The p-values were below 0.05 (p=0.004 for girls
and p=0.026 for boys), indicating that the data were not normally distributed. Normality was also checked using
the skewness coefficient. The descriptive values of the mathematical language skills scores by gender are shown
in Table 30.

Table 30. Descriptive values of mathematical language skill scores by gender

Gender Statistics Mathematical Language Skill Test
Girls Mean 10.64
Median 11.00
Standard deviation 4.058
Variance 16.467
Skewness coefficient -0.088
Standard error of skewness 0.272
Kurtosis coefficient -0.308
Standard error of kurtosis 0.538
Range 18.00
Minimum score 2.00
Maximum score 20.00
Boys Mean 9.94
Median 10.00
Standard deviation 4.028
Variance 16.222
Skewness coefficient -0.142
Standard error of skewness 0.283
Kurtosis coefficient -0.845
Standard error of kurtosis 0.559
Range 16.00
Minimum score 2.00
Maximum score 18.00
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Table 30 shows that the skewness coefficient of the Mathematical Language Skills Test is --0.088 for girls and -
0.142 for boys, indicating normal distribution. Thus, the Independent Samples t-test, one of the parametric tests,
was used. The significance of the Independent Sample t-test was above 0.05 (p= 0.294), so there was no
significant difference between students' mathematical language skills according to gender [t(150)= 1.054;
p=0.294]. The Cohen's d value was found to be 0. 1731. Since this value is between -0.20 and 0.20, it is
considered low.

3.4. Findings of the Fourth Sub-Problem

The data obtained from the Concept Test and Mathematical Language Skills Test were statistically analyzed to
answer the fourth sub-problem of the study, "Is there a significant relationship between secondary school
students' conceptual understanding of dimension and their mathematical language usage skills about dimension?".
First, the Kolmogorov-Smirnov test was used to determine whether the data were normally distributed. The p-
value was below 0.05 (p=0.013 for the Concept Test and p=0.000 for the Mathematical Language Skills Test),
showing that the data were not normally distributed. As in the whole study, normality was also checked by using
the skewness coefficient. The skewness coefficients of the Concepts and Mathematical Language Skills tests
were -0.215 and -0.109, respectively. Since the assumption of normal distribution was accepted for both tests,
Pearson's correlation was used to examine the relationship between the total scores obtained from the tests. The
significance of Pearson's correlation coefficient (r=0.406; n=150; p=0.000) for the scores of the tests was p<0.05,
so there was a significant relationship. The relationship between the scores is 0.30<r<0.70, indicating a moderate
strength (Biiylikoztiirk et al., 2010). No further calculation was done as the correlation coefficient expresses the
effect size (Kotrlik & Williams, 2003).

4. Discussion and Conclusion

The results of the data analysis in this study, which examined secondary students' perceptions of dimensional
concepts and mathematical language skills in many aspects, are discussed for each subproblem.

The first subproblem of the study examined secondary students' conceptual understanding of mathematical terms
related to dimension. For this purpose, the students were asked to "define the terms given below". In defining
dimensionality, only 19.32% of the students could explain the concept of dimensionality; 49.33% of the students
had difficulty defining it and left it blank. In defining one dimensional, 43.33% of the students left the answer
blank, and 40.66% could not express one dimensional verbally and resorted to explaining it with shapes. In total,
45.32% of the students could define one dimensional correctly. For two dimensional, 51.33% of the students left
the answer blank, and 36% could not express it verbally. They used shapes to explain. In total, 13.32% of the
students could express two dimensional correctly. Regarding the definition of three dimensional, 42.66% of the
students left the answer blank, and 32.66% could not express it verbally and used shapes to explain it. In total,
6.66% were able to express three dimensional correctly. The fact that students tend to leave questions blank and
the number of correct answers is low indicates that they do not have sufficient knowledge about the concept of
dimension. It can be said that this result is similar to the findings of the studies conducted by Tuluk (2014),
Duatepe Paksu et al. (2012), Altikardes and Yigit Koyunkaya (2020).

Students who had difficulty defining dimension, an abstract concept, did not have much trouble explaining the
concepts of length, width, and depth, which they encounter and use more frequently in everyday life. The
number of students who left the definition of length blank dropped to 24.66%. 60.66% of the students were able
to define length correctly. For the width definition, 37.33% of the students left it blank, and 44% expressed it
correctly. When defining depth, 20.66% of the students left it blank, and 76.65% defined depth correctly.

For solid objects, 20% of the students left it blank, and only 20.66% expressed solid objects correctly. For prism,
24% of the students left it blank, and 40% could describe it correctly.59.33% could correctly define line and line
segment, 44% could correctly express area, and 64% could correctly express edge. It was observed that the
percentage of correct answers increased for the concepts of line, line segment, and edge, which were frequently
used in the lesson. This percentage decreased for the definition of side edge; 38.66% of the students left it blank,
and only 35.33% correctly expressed side edge. Although 40.66% of the students explained polygons correctly,
73.33% did not define polygon areas, leaving them blank, and only 16.66% expressed them correctly. This low
percentage shows that the students do not understand the concept. Again, 84.66% and 76% of the students could
correctly express the concepts of circles and filled circles, which are frequently used in everyday life.
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While 55.32% of the students could correctly express the perimeter and 50% the area, this percentage decreased
to 39.33 in the definition of volume. The concept of polygon is generally explained as a "many-sided shape". In
explaining the term in this way, the relationship between the number of edges and the word formed may be
recognized and defined by the students. The fact that polygon is not clear enough to show the conceptual
meaning of the word root may have caused students to make inadequate definitions. It can be said that in the
studies conducted by Akuysal (2007), Basisik (2010), Ergiin (2010) and Onder (2019), polygon was defined as a
multi-sided shape, thus parallel results were obtained. The concept of circle and circle region is generally
explained by emphasizing whether the inside is empty or filled and by drawing shapes. In the studies of Giilkilik
(2008), Onder (2019), Yenilmez and Demirhan (2013), it was observed that the term round, which students
mostly used for circle and circle region, was rarely used in the research. For this reason, it can be said that the
findings obtained differ. However, it can also be interpreted that these studies are in parallel with the findings
obtained from the research, since the number of definitions made using mathematical language for circle and
circle region is low.

In the second question of the test, students were asked, "Classify the following shapes into 3 groups. State your
classification criterion. 22.66% of the students classified all groups correctly. Of the 34 students who classified
all groups correctly, only 5 gave dimension as a reason, 10 gave their similarity in shape and structure, and 19
gave no reason.

In the third question of the test, the students were asked, "Write down the number of dimensions of the following
shapes and determine those whose circumference, area and volume can be calculated". 70% of the students
answered correctly for the circle, 66% for the triangle, and 52.66% for the wooden cube. However, the
percentage of correct answers for other geometric shapes was relatively low. The rectangular area was answered
correctly by 15.33%, the pentagonal area by 16%, the rectangular prism (cardboard) by 28%, and the square
prism (wire) by 2.66%. Most students thought the rectangular and pentagonal regions were one dimensional,
while the rectangular prism (cardboard) was three dimensional. They could not determine how many dimensions
the square prism (wire) had and left it blank. In parallel with the results of Ural (2011), Duatepe Paksu et al.
(2012), and Tat (2021), students had problems determining the number of dimensions. In summary, the results of
these studies conducted with pre-service teachers and high school students support the results of our study
conducted with secondary school students.

In the circumference/area/volume calculation part, most students marked calculable for the circumference of all
one, two and three dimensional geometric shapes whose lengths can be measured, which can be interpreted as
students' knowledge of measuring length. Regarding the two and three dimensional geometric shapes, students
marked calculable for the areas of the rectangular region (82.66 %), pentagonal region (74.66%), rectangular
prism (cardboard) (68.66%) and the wooden cube (70%). However, students have the same opinion for one
dimensional shapes. 49.33% of them answered that the area of a circle can be calculated, 61.33% answered the
same for a triangle, and 60.66% answered the same for a rectangular wire prism. Contrary to length, it can be
said that the students lack the knowledge to calculate the area. Among the three dimensional geometric shapes
whose volume can be calculated, 74% of the students answered that the volume of the wooden cube can be
calculated; on the other hand, 64.66% of the students answered the same for the one dimensional wire prism and
72% for the two dimensional rectangular prism (cardboard). From this point, it can be interpreted that the
students consider all types of prisms three dimensional, whether made of wire or cardboard. Therefore, since
they accepted the prisms as three dimensional, the computable volume view was dominant. In Tat's (2021) study,
students identified the concept of length with one dimensional shapes, area with two dimensional shapes, and
volume with three dimensional objects. The rate of correct calculation judgments was high for shapes whose size
was correctly determined. At the same time, it decreased as the number of incorrect size judgments increased.
This result is similar to the results of our study.

The ability to understand and express what students read, which is one of the areas where they were weak, was
one of the areas where they had difficulty in this study. It has been observed that many students list features
instead of definitions, resort to explanations with figures instead of verbal expressions, in short, have problems
explaining concepts verbally, and their knowledge level in expressing concepts is not sufficient. Similar results
were found in Tagpinar (2019), Ayaz (2017), Bayram and Duatepe Paksu (2018), Cakmak et al. (2014), Pickreign
(2007), Rasslan and Tall (2002), Yenilmez and Demirhan (2013), Ergiin (2010). Cetin (2009), Cikla and Duatepe
(2002), Giimiis (2019) and it was also found in the studies of Cilavdaroglu (2012).

In the second sub-problem of the research, which examined the mathematical language skills of secondary
school students on the subject of size, it was observed that the mathematical language skill scores of the 7th and
8th grade secondary school students on the subject of size had a value close to the arithmetic average. Unal's
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(2013) study, which examined the mathematical language skills of 7th graders in the field of geometry learning,
supports this result obtained from the research. On the other hand, it can be said that students answered the
questions in the mathematical language skills test more easily than in the test related to concepts. This may be
caused by the fact that basic geometric concepts, which started to be taught to students in primary school in
geometry teaching, and geometric shapes and objects are given less space at the conceptual level (Uygun &
Akytirek Tay, 2023) but the frequent use of mathematical language even in interdisciplinary relationships
(Uygun & Asikcan, 2023).

Concerning the third sub-problem of the study, which dealt with the differentiation of the mathematical language
skills of 7th and 8th graders in terms of dimension by grade level and gender, no statistically significant
difference was found. Cognitively, for the levels of 7th and 8th grade students are close to each other, it can be
interpreted that similar results emerged from the tests as expected. In addition, it was observed that similar
results were obtained with studies Akarsu (2013), Yilmaz and Giizel (2020), Pazarbasi (2015), Unal (2013) and
Yiizerler’s (2013), where mathematical language skills were examined according to the gender variable, but
different results were obtained with studies Yiizerler (2013) and Y1ldiz (2016), depending on the gender variable.

According to the results obtained in the fourth subproblem of the study, in which secondary school students'
mathematical language skills and their concept perceptions of dimension were examined, a moderate, positive,
and significant relationship was found between these two variables. Since mathematical language is directly
related to the concepts used, they are interrelated regarding the results obtained from the tests.

There is information about the fact that the time used in the generally applied and newly implemented teaching
programs is short and geometry subjects are compressed to the end of the semester and not given the necessary
importance, ( change was made in the 2024 curriculum and geometry subjects were distributed throughout the
semester.) It was observed that students did not have sufficient knowledge about the dimension due to the lack of
emphasis on teaching at the conceptual level. Therefore, it is thought that awareness should be raised in teaching
mathematical concepts. It is explained that researchers should do more research on this subject in order to
emphasize the basic dimension of many subjects in teaching geometry and to present the importance of this
theoretical mathematics teaching programs. In addition, more courses on concept teaching can be included in
education faculties or the scope of courses can be expanded in this direction. Teachers' competencies on the
subject can be improved through in-service training. Technological materials can be used that can support the
teaching of concepts and facilitate students' understanding by concretizing these concepts.
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