Necatibey Egitim Fakiiltesi Elektronik Fen ve Matematik Egitimi Dergisi
Cilt 17, Ozel Sayi, Ekim 2023, sayfa 342-370. ISSN: 1307-6086
Necatibey Faculty of Education Electronic Journal of Science and Mathematics Education
Vol. 17, Special Issue, October 2023, pp. 342-370. ISSN: 1307-6086

Research Article

Investigation of Middle School Students' Area
Measurement Knowledge and Skills

Zeynep CAVUS ERDEM

Harran University, Sanliurfa / Tlrkiye, zcavuserdem@gmail.com,
http://orcid.org/ 0000-0002-7448-2722

Received : 22.08.2023 Accepted : 03.10.2023
https://doi.org/10.17522/balikesirnef.1348147

Abstract — In this study, it is aimed to examine the area measurement knowledge and skills of middle school
students. In the study, in which the descriptive method was used, the data were collected in written form with 8
open-ended questions from 92 seventh grade students. Students' answers to open-ended questions were analyzed
with a scoring scale. The research shows that the majority of students who correctly estimate the size of the area
measurement units are in the majority, but they have difficulty in transforming the standard area measurement
units. Students who can calculate the area as the number of unit squares covering a region are in the majority. It
was observed that the students who were successful in measuring the area of the rectangle had low success in
measuring the area of the parallelogram, triangle and trapezoid, and it was observed that the students tended to
multiply the two sides of the polygon while measuring the area. In addition, it was determined that some students

confused the area with the environment.
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Introduction

Mathematics is an effective tool that helps individuals understand the world and the
competency they should have for the beginning of a career (Dursun & Dede, 2004; Stafslien,
2001). Therefore, mathematics is taught as an introductory course at any level today, and
mathematics skill is questioned as a fundamental skill in many national assessment and
evaluation exams for the selection of students. Success in mathematics lessons is highly

related to 1Q, a sign of giftedness (Konold & Canivez, 2010). Therefore, students see
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mathematics as an important lesson and a tool for life (Yaman & Yaman, 2020). Students
only sometimes have positive feelings about mathematics, which is an essential course. Lim
and Ernest (1999) stated that many students have negative thoughts about mathematics, and
even teachers and parents have these negative thoughts. While there are many reasons for this,
one of the main reasons is that mathematics is considered a complex subject to achieve.
Although there are many reasons for the student to have this perception, both from the
teacher, family, and friends, the student's failure in the course as an individual factor is
essential (Savas et al., 2010). In many countries, studies aiming at making students successful
in mathematics are carried out to eliminate the perception that mathematics is complex
(Sahin, 2013). In our country, the "Mathematics Mobilization" studies (MEB, 2022), which
were initiated in cooperation with the Ministry of National Education, TUBITAK, and
universities, in order to both facilitate the learning of mathematics by adapting it to daily life

skills and to ensure that students like this lesson from a young age, continue actively.

Many factors affect students' success in mathematics. Thomson et al. (2003) discussed
the factors affecting students' success under four headings: student attitude, student-related
factors, teacher factor, and school factor. The researchers, who considered the affective
components such as the student's anxiety towards mathematics, and the perception of self-
efficacy under the student attitude, considered the components such as the thought, age, and
experience of the individual's teacher with mathematics teaching under the teacher factor.
Stating that the success of the student is affected by the technological facilities of the school,
its perspective on education, its size, and the student-parent profile, Thomson et al. (2003)
finally discussed the components such as the student's gender, family structure,
socioeconomic status, and cognitive characteristics under the title of student-related factors.
Students' knowledge and skills about a mathematical concept and subject also affect

mathematics achievement (Senol et al., 2015).

Therefore, studies examining students’ knowledge, skills, and learning difficulties
regarding mathematical subjects and concepts are frequently encountered in the literature
(Cavus Erdem, 2013; 2018; Oztiirk & Giirefe, 2021; Tan Sisman & Aksu, 2009). Explaining
students' deficiencies and mistakes in mathematical concepts is also crucial in paying
attention to these issues in the design of instruction. Based on this idea, this study aimed to
examine the knowledge and skills of secondary school seventh-grade students on area

measurement.
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344 Investigation of Middle School Students' Area Measurement Knowledge and Skills

Although making mistakes and experiencing difficulties in learning mathematics
subjects are a natural part of the learning process of students (Hansen, 2014), it negatively
affects their learning. Mathematics is a cumulative course with significant prerequisite
knowledge. Therefore, student mistakes on a subject create an obstacle in learning other
subjects that are fundamental to that subject, making it difficult to fully learn the subject. The
subject of area measurement is the basis for volume measurement and land measurements,
and it is also used as an effective tool in associating mathematical concepts such as algebraic
expressions and identities (Bingdlbali & Coskun, 2016). Therefore, it is important to identify
students' errors and difficulties in measuring area, because detecting the mistakes and
misconceptions at an early stage will enable the problem to be solved more easily. In addition,
the student mistakes regarding the subject reveal important points about how the subject
teaching should be designed and which issues should come to the fore. It is very important to
increase teacher awareness on this issue. It is stated that some of the student errors are
pedagogical, in other words teaching-related (Bingdlbali & Ozmantar, 2009). Therefore,
conducting studies that determine the level of students' knowledge and skills and which
subjects they learn incorrectly makes important contributions from the teacher and student
perspective. Considering the studies that emphasize that students' learning deficiencies and
obvious errors on the subject are caused by the curriculum (Yorulmaz & Onal; 2017), it is
thought that studies examining students' knowledge and skills will also provide important
information for program developers. Based on this idea, this research aims to examine the
knowledge and skills of seventh grade secondary school students about area measurement and

to reveal their learning deficiencies.
Area measurement

One of the learning fields of the mathematics curriculum is measurement, and one of the
sub-learning is area measurement (MEB, 2018). Area measurement is an important concept
that affects the understanding of mathematics subjects in upper grades (Cavanagh, 2008).
Because area measurement represents a transition in teaching other measurement types, such
as volume (Smith et al., 2016). Therefore, area measurement gains are at every grade level
from the third to the seventh grade in the curriculum (MEB, 2018). Area measurement is
expressed as determining the amount of a region in terms of a unit (Fauzan, 2002). Two
essential concepts emerge in area measurement. These are the concept of area and the concept
of measurement. The concept of area refers to the amount that covers a limited space, and
measurement determines this amount with a unit (Simon & Blume, 1994). The first stage
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involves understanding that the area is a planar region, that is, interpreting the area
conceptually. In the second step, the amount is determined. Studies indicate that students need
to clarify these two concepts and consider the area separate but interpret it as area
measurement (Huang & Witz, 2013). It is important to emphasize these two concepts
separately while teaching area measurement in order to prevent mistakes in teaching the

subject.

In learning area measurement conceptually, it is necessary to pay attention to some
issues. Clement and Stephan (2004) stated that in order to avoid rote learning in area
measurement, at least five basic structures should be learned: a) segmentation, b) unit
repetition, c) area conservation, d) structuring of the sequence, and e) linear measurement.
The individual needs to understand that the structure to be calculated is a limited region and
that the units should not overlap or be covered so that there are no gaps when covering the
region (partitioning). Afterwards, with the repeated use of a unit of the same type and
appropriate size determined, that region needs to be covered (unit iteration). The same type
and suitable unit of measurement means a unit suitable for the structure of the covered plane,
covering it entirely and leaving no spaces. Covering perpendicularly intersecting polygons
such as rectangles and squares gives an idea of the area covered by circles or triangles but
covering them with a square gives more precise information (Freudenthal, 1983, as cited in
Zacharos, 2006). For the individual to cover it correctly with the appropriate unit at this point,
it is also essential to know that the shape's area will not change regardless of the structure of
the shape as long as the piece decreases or not (conservation of area). In this way, the area to
be calculated can change the area to be covered more quickly.

After covering the region with units, the individual must determine how many units are
in the row and column and understand that the region is a two-dimensional structure
(Constructing the array). By covering a rectangle with appropriate and equivalent units,
calculating how many units correspond to each line and how many from each line brings
systematic counting to the fore (Outhred & Mitchelmore, 2000). Finally, the individual needs
to understand how to obtain the total number of units covering the area by multiplying two
dimensions and making the necessary association. It is essential to see the column-row
coordination in the transition of area measurement to multiplicative dimension and to
associate it with the product of the side lengths (Huang & Witz, 2013). Thus, it is possible for
students to conceptually understand the multiplication process in the area formula (Outhred &
Mitchelmore, 2000; Van De Walle et al. 2014). In this manner, it is possible to understand
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mathematically the "area=length x width™ algorithms based on rote measurement in traditional
teaching. It is essential to plan by considering these issues in the curriculum and course

contents prepared within the scope of teaching the subject of area measurement.

Our mathematics curriculum includes area measurement gains from the 3rd grade
(MEB, 2018). In the program, a progress process in the form of covering the area of shapes
with non-standard material, covering with unit square, establishing the relationship between
the area relation of square and rectangle and the number of unit squares, measuring using
standard units, and finally applying and interpreting this information is discussed (MEB,
2018). In this context, a teaching approach similar to the explanations above is adopted in the
program. However, the effectiveness of this teaching style adopted in the program in student
learning depends on how much it is carried into the classroom environment. Because
researches indicate that students have misconceptions about measuring the area and make
incorrect measurements (Cavus Erdem, 2018; Celik, 2023; Gelici, 2022; Giirefe, 2018; Huang
& Witz, 2013; Kamii & Kysh, 2006; Kidman & Cooper, 1997; Orhan, 2013; Olkun Celebi et
al., 2014; Tan Sisman & Aksu, 2009; 2016). Kamii and Kysh (2006) revealed in their studies
that students do not think of the unit square as a unit of measurement for the area. Kidman and
Cooper (1997) stated that students made mistakes while calculating the rectangle area by
adding the side lengths. Tan Sisman and Aksu (2009, 2016) stated that half of the students in
their study did not have area conservation, and they confused area and environment. Orhan
(2013), in his study, similarly concluded that students did not have area conservation; they
needed help finding the circumference of a polygon whose area measure was given, and
procedural knowledge was emphasized. Huang and Witz (2013) stated that the conceptual
understanding of the area measurement formula directly affected the area measurement
performance, and students who used the area measurement formula by heart exhibited poor
performance. In their study, Olkun et al. (2014) concluded that students did not accept the unit
square as a unit of area and tend to use formulas. Giirefe (2018), in her study, in which she
determined the strategies used by students in area measurement problems, concluded that
students commonly used formulas in triangle and rectangle-related problems, and they tended
to use multi-step strategies when measuring area in rhombus and trapezoid. Kaya (2019)
concluded that the students did not fully know the area concept and that the procedural
dimension was emphasized. Gelici (2022) stated that the students had an incorrect concept
image in measuring the area. They confused the area and the environment. Celik (2023) stated
in his study that students had less difficulty covering a shape with unit squares, and they could
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not associate the measurement process with the unit used when measuring the area of a

polygon.

Revealing the problems in the basic subjects of mathematics is important in order to
plan future learning by solving these problems (Onal & Aydin, 2018). Because unless errors
are corrected, they lead to misconceptions (Yenilmez & Yasa, 2008) and increase the
possibility of failure in mathematics. Therefore, early detection of student errors is very
important. Based on this idea, this research aims to determine the level of student knowledge
and skills regarding area measurement, which is an important sub-learning area of the
mathematics basic education program, and to reveal their learning deficiencies. In the
research, student knowledge and skills regarding different basic concepts of area
measurement such as square unit, area measurement skill, conversion of standard area
measurement units, circumference-area relationship were discussed together. Thus, it is aimed
to present a general picture of student information on the subject of area measurement. There
are a limited number of studies that examine student knowledge of the basic concepts of area
measurement together (Tan Sisman & Aksu, 2009). Therefore, it is thought that the study will
contribute to the literature. The research also asked questions about how students could
calculate area measurement both with the help of unit square and area relation, thus aiming to
determine student awareness about two important components that are critical in the
conceptualization of area measurement, as stated by Stephan and Celement (2001). Another
important issue in learning measurement is to understand the measurement unit correctly
(Yenilmez & Pargan, 2008). Learning the measurement unit also includes the conversion skill
of standard measurement units (MEB, 2018). This skill is directly related to the student's
awareness of the quantity of the unit of measurement. It is obvious that a student who does
not know the size of the measurement unit cannot learn unit conversion and the use of units in
area measurement at a conceptual level (Van De Walle et al., 2014). Therefore, studies that
determine students' knowledge about the amount of area measurement units were thought to
be important. It is thought that this research, which examines students' knowledge and skills
regarding the conversion of standard area measurement units and their awareness of the

quantity of these units, will contribute to the literature in this sense.

Thus, the problem of the research is "“What are the knowledge and skills of seventh
grade secondary school students on area measurement?" and within the scope of this problem,

answers are sought to the sub-problems presented below.
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1. What are the knowledge and skills of seventh grade secondary school students
regarding measuring the area of spaces covered by unit squares?

2. What are the knowledge and skills of seventh grade secondary school students

regarding standard area measurement units?

3. What are the knowledge and skills of seventh grade secondary school students
regarding measuring the area of geometric shapes (square, rectangle, parallelogram, triangle,

trapezoid)?
Method
Research Design

The case study method was adopted in this research. Case study is a research method in
which the situation is described by collecting detailed and in-depth information about a
system through limited situations (Creswell, 2020). While a single case about the problem or
research topic addressed in the case study can be examined, results can be obtained by
examining more than one case study within the framework of the same problem. In this
research, where the descriptive feature of the case study (Yin, 2009) came to the fore, the
knowledge and skills of middle school students on area measurement were examined in detail

through open-ended questions on 92 students.
Participants

The research participants comprised seventh-grade students in the second semester of
the 2018-2019 academic year. The achievements of the area measurement subject are
included in the curriculum from the third grade, and it is planned to give a large part of the
acquisitions until the seventh grade (MEB, 2018). Since it was aimed to present a general
picture of students' area measurement information, seventh-grade students were thought to be
the most appropriate sample group for secondary school. In the research conducted with 92
students, 52 were female, and 40 were male. Participants were studying in three different
secondary schools located in a city center. A class from each school was determined, and all
students studying in that class participated in the research. While determining the classes,
attention was paid to ensure that the mathematics grade point average was at a medium level,
and that students with high (between 80-100 points), medium (50-80 points) and low
academic achievement scores (between 20-50 points) were included in a balanced manner.
Thus, an attempt was made to ensure data diversity by creating heterogeneous groups. To that

end, classes were determined by considering the first semester grade point average of the
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mathematics course and the opinions of the mathematics teacher, and the application was
carried out with a total of 92 students from three classes.

Data collection

In the research, the "Area Knowledge Evaluation Form" in the study of Cavus-Erdem
(2018) was used to measure the students' area measurement knowledge and skills. The
questions in the form and the related acquisitions are presented in Table 1.

Table 1 The Acquisitions Related to the Questions in the Area Knowledge Evaluation Form

Question Related Outcome

Questionl Being able to determine that the areas of the shapes are the number of unit
squares covering this area and to compare the areas of the shapes
Question2 Calculating the area of a rectangle, using square centimeters, and square meters

Question3 Being able to recognize standard area measurement units

Question4 Solving problems related to the area of a parallelogram.

Question5 Comparing the areas of polygons

Question6 Interpreting the side-length-area relationship, calculating the area of the square
Question7 Solving problems related to the area of a triangle

Question8 Being able to solve problems related to the area of a trapezoid.

The form consists of eight open-ended questions. The questions in the form were
determined by within the scope of the achievements in the seventh grade and previous years'
curriculum. Before the application, a short explanation was given to the students about the
questions in the form, and they were asked to write down the reason for the question along
with the answer and to explain what they thought transparently without worrying about
whether it was a wrong or correct statement. All of the applications were carried out under the
researcher's supervision, and the application was completed in 40 minutes to enable the

students to think about the questions sufficiently.
Data analysis

The scoring scale developed by Giirbiiz & Birgin (2012) and presented in Table 2 was

used to analyze the data consisting of open-ended questions.
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Table 2 Open-Ended Questions Scoring Scale

Levels of Explanation Evaluation Criteria Score
Understanding Stage 1 — Stage 2
Correct Answers that include all aspects  Correct answer — correct explanation 5
explanation of a valid explanation Wrong answer correct explanation 4
Partially correct  Answers that do not include all ~ Correct answer — partially correct 3
explanation aspects of the valid explanation  explanation
Wrong answer - partially correct 2
explanation
Wrong Answers with inaccurate Correct answer — wrong explanation 1
explanation information Wrong answer — wrong explanation 0
No explanation  Correct, incorrect or blank Correct answer - no explanation 1
answers with no explanation Wrong answer - no explanation 0
No answer - no explanation 0

Each student's answer was coded separately according to the categories above. In order
to detail the analysis framework, sample student answers and explanations are presented
below (Figure 1). In the first example, the student gave a correct answer, but the explanations
he wrote for both the area relationship of the rectangle and parallelogram and the area
relationship of the square were wrong. Thus, the student's answer was coded in the "Correct
answer - Wrong explanation” category. In the second example, the student gave the wrong
answer. However, he stated that he made calculations by counting units when calculating the
areas of regions and made a correct statement. However, since the student used the unit
expression instead of unit square, the student's answer was coded in the "Wrong answer -
Partially correct explanation™ category. In the third example, the student correctly calculated
the area of the parallelogram, but expressed the area relationship as the product of height and
side instead of height and base. Thus, the student answer was coded in the "Correct answer-

Partly Correct explanation” category.
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The area of a parallelogram and | did it by counting the units in the  Area, height times side

rectangle is measured by the same shapes.
formula. The area of the square and
its side in cm are multiplied by 4.
Parallelogram = Rectangle > Square
Figure 1 Student Answers
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For the data analysis, assistance of an expert researcher was received. Accordingly, 19
student solution sheets, which constituted 20% of the data, were individually coded by two
researchers. Afterwards, the researchers came together and compared the coding in detail. For
the coding agreement percentage, Miles and Huberman's (1994) coder reliability formula
([Compatible codes/ (Consistent codes + Incompatible codes) ] x100) was applied, and the
agreement percentage was determined as 134 compatible codes-152 total codes).
Incompatible codes were evaluated, and after a consensus was reached, the researcher carried
out the analysis process alone. Each student paper was coded according to the scoring scale,
and the coding results presented with frequency and percentage values were supported by
sample student solutions based on each question. Translations of student explanations in the

solutions are presented below the visual of the solution.
Results

In the study, student answers were evaluated both based on questions and students'
performances. The distribution of the student's answers and the scores they got from the form

is presented in Table 3.

Table 3 Distribution of Student Answers

Q1 Q2 Q3 04 Q5 06 Q7 Q8 Mean

f % f % F % f % f % f % f % f % %

Correct answer-correct

. 22 24 8 9 50 54 14 15 9 10 1 1 26 29 16 17 20
explanation

Wrong answer-correct

X 3 14 0 0 0 O 1 1 0 0 4 4 3 3 6 7 4
explanation

Correct answer-partially

: 0 0 5 5 12 13 1 1 1516 1 1 1 1 O O 5
correct explanatlon

Wrong answer-partially

. 22 24 31 34 4 4 25 27 10 11 21 23 15 16 15 16 19
correct explanation

Correct answer-wrong

explanation 1 1 1 1 9 10 2 21415 0 0 0 0 0 0 4
Correct answer-no
explanation
Wrong answer-wrong
explanation
Wrong answer-no 34 37 47 51 17 19 49 54 44 48 65 71 47 51 55 60 48
explanation
No answer-no
explanation
Unsuccessful Must be developed Acceptable Good Very Good
(0-8 p) (9-16p) (17-24p) (25-32p) (33-40p)
Total f % F % f % f % f %
ota 32 35 29 32 21 23 8 9 2 2
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Considering the information in the table, it was noted that the average percentage of
students that gave correct answers with correct explanations was 20%, and the cases where
they made correct explanations but gave wrong answers by making mistakes was four percent
on average. While the average of the students who gave partially correct explanations with the
correct answer was five percent, the average of those who gave partially correct explanations
with the wrong answer was 19%. While students who gave correct answers but had incorrect
or incomplete explanations were in the four percent group, students that gave both answers
and explanations incorrectly or missing were the group with the highest percentage with an
average of 48%. Based on the question, it was noted that the students gave correct answers
only in the third question, with 54% of the correct explanation. The most significant
percentage of the other seven questions belonged to the level with incomplete or incorrect
answers and explanations. Considering the students' individual scores in the evaluation form,
35% of the students received weak scores and were unsuccessful. 32% of the students were in
the must-be-developed group, and 23% scored at an acceptable level. Very few students could
score in the good (nine percent) and very good (two percent) categories. In light of this
information, it was possible to note that the students exhibited an unsuccessful performance in
area measurement in general. The questions will be discussed individually, together with

sample student solutions, to detail the cases where students were successful and unsuccessful.

In the first question, to compare the areas of regions consisting of unit squares, 24% of
the students gave the correct answer with the correct explanation. 14% of the students counted
the unit squares when comparing the areas but made a calculation error. Instead of counting
unit squares, 24% of the students tried to calculate the area by converting the given shapes
into familiar quadrilaterals such as rectangles and found incorrect results. On the other hand,
37% of the students were unsuccessful in this question and gave wrong answers and

explanations. Sample student answers to the situations mentioned below are presented.
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Figure 2 Student Answers to the First Question

Considering the student explanations, it was noted that the student in the first image was
trying to calculate the circumference of the shapes to calculate the area. In the second image,
the student calculated the area by converting all shapes into rectangles. The result was
incorrect because student should have paid more attention to some unit squares. In the third
image, it was noted that the student reached the correct answer by using the unit squares. The
students who reached the correct answer accepted the area as the number of unit squares

covering a region; in this sense, they had conceptually correct information.

The second question of the study was one that students needed help with. Only 14% of
the students reached the correct answer in calculating the area of the rectangle and unit
conversion, while the majority, 51%, answered the question incorrectly or left it unanswered.
On the other hand, 34% of the students showed a partially correct solution approach. Sample

student solutions to the question are presented in Figure 3.
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Figure 3 Student Answers to the Second Question
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When the students' answers were examined, it was seen that the student who gave the
wrong answer added the side lengths to find the floor area of the room and made the unit
conversion as m-cm correctly. The student confused the area with the circumference. In the
second and third images, the students correctly calculated the area of the rectangle. Students
who correctly calculated the area of the rectangle in this question constituted 49% of the
group. However, students made the unit conversion incorrectly, therefore the students in the
group who partially gave correct explanations gave wrong answers. In the second example, it
was seen that the student also uses m and cm as units of area measurement. The findings
obtained from this question showed that students need to improve in standard area

measurement units and conversion between units.

The third question was about using area measurement units in daily life. In the question
in which the students showed the most successful performance, 19 of the group gave the
wrong answer, and 54% gave the correct answer with the correct explanation. 13% of the
students who gave partially correct explanations gave correct answers, four percent gave
incorrect answers, and the students who made a wrong explanation with the correct answer or
did not make any explanation constituted 10% of the group. Sample student solutions are

presented in Figure 4.
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Figure 4 Student Answers to the Third Question

When the students' answers were examined, it was seen that the student in the first
image did not know the sizes of the standard area measurement units. Although the students
in the second and third images gave the correct answer, it was seen that the student in the

second image reached the correct answer based on the standard length measurements. Since
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the number of students who gave wrong answers to this question was relatively low, it was
possible to say that, in general, students had information about the equivalents of standard

area measurement units in daily life.

In the fourth research question, the students were asked to calculate the area of the
parallelogram. Only 15% of the students gave the correct answer with the correct explanation,
while 54% needed help to calculate the area of the parallelogram. Although 27% of the
students gave wrong answers, they tried to calculate the area by showing a more accurate

approach than the unsuccessful 54% group. Sample student answers are presented in Figure 5.
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rectangle. Therefore, the answer is 108. rectangle.

Figure 5. Student Answers to the Fourth Question

When the students' answers were examined, it was seen that the student in the first
image confused the area of the parallelogram with its circumference and calculated the area
with the circumference relation. In this way, students who confuse the area with the
circumference and try to find the area in polygons by adding the side lengths constitute 27%
(25 students) of the whole group. In the second image, the student calculated the area of the
parallelogram as the product of the long and short sides and therefore answered the question
incorrectly. Students calculating the area of a parallelogram as the product of its two sides
constitute 27% of the group. In the last image, the student converted the parallelogram into a
rectangle, calculated the area, and reached the correct answer.

The fifth question of the research was about area conservation and area relations. In
total, 31% of the students gave the correct answer, 10% made a correct explanation, 16%

made a partially correct explanation, and 15% gave an incomplete or incorrect explanation.
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11% of the students gave a partially correct explanation with an incorrect answer, and 48%
answered the question incorrectly with an incomplete or incorrect explanation. Sample

student answers are presented below (Figure 6).
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Figure 6. Student Answers to the Fifth Question

In the first image, the student should have paid more attention to the height while
calculating the area, accepted the area of the three shapes as equal, and miscalculated the
question. In the first image, the student made such a mistake because he did not know the
mathematical equivalent of the area. Looking at the answer in the second image, it was seen
that the student interpreted the areas after transforming the parallelogram into a familiar
shape. However, while making this transformation, the student ignored the area conservation
as in the third image and made a mistake by enlarging the shape from both sides. In the third
image, the student transformed the parallelogram into a rectangle and reached the correct
answer. Some students gave numerical values to all shapes and tried to find the answer.
Students who gave the same values to parallelograms and rectangles with the same height
(e.g. eight to the long side and four to the short side) calculated the area of both shapes as the
product of the two sides and answered the question correctly. However, since the students
made the mistake of calculating the area of the parallelogram as a rectangle, the students who
found the correct answer to the question by calculating this way were coded in correct
answer-partially correct explanation category. Students who found the correct answer to the
question by calculating this way constitute 16% of the group. The findings obtained in this

question coincided with the findings in the area of the parallelogram.
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The sixth research question was within the scope of the circumference -length-area
relationship, and it was determined as the question in which the students performed at the
lowest level. The students who gave the correct answer with the correct explanation
constituted only one percent of the group, the students who found the wrong answer and gave
the correct explanation four percent of the group, and the students who could not give the
correct answer but followed a partially correct solution formed 23% of the group. 71% of the

group answered the question incorrectly. Sample student solutions are presented in Figure 7.
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Figure 7. Student Answers to the Sixth Question

Figure 7 gives the answers of the students who followed the correct strategy. In the first
image, the student showed a correct approach to finding the side lengths, but since the
question asked for a rectangle, student tried to keep the opposite side lengths equal instead of
all side lengths. The student did not accept the square as a rectangle. The students, who were
in the wrong answer partly correct explanation category, tried to answer the question by
giving values to complete the two side lengths to 80 and similar solutions. In the second
image, the student made a correct explanation, valued the lengths of the two sides as 80, and
found the wrong answer. In the third image, the student correctly explained and calculated the
area. There was one student in the application group who gave the correct answer with the
correct explanation. From this point of view, the students had difficulties and failed in this

problem based on the area-circumference relationship.

The last two research questions were to determine student skills in determining areas of
the triangle and trapezoid. Students who answered the seventh question correctly with a
correct explanation were determined as 29% and 17% for the eighth question. While the

students who made a correct explanation but gave a wrong answer were 3% for the seventh
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question and 7% for the eighth question, lin comparison, the students who gave a partially

correct explanation with an incorrect answer were 16% for both questions. The students who

answered the questions incorrectly, made wrong explanations, and did not explain were

determined as 51% in the seventh and 60% in the eighth questions. Sample student answers to

two questions are presented in Figure 8.
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Explanation of the seventh question:
The opposite side is 50 cm, the upper
side is 40 cm, then since it was
divided in half, I divided it by 2 and
added it.

Explanation of the eighth question: |
summed all circumferences

Explanation of the seventh question:
First I made it a square, then | found it
by multiplying. Then I divided it in
half. Because it covered half of it.
Explanation of the eighth question: |
found it by multiplying the sides.

Explanation of the seventh question:
The canteen is half of a rectangle. The
sides of the rectangle are 50x40. That is
2000 m?. If the rectangle is 2000 m?, the
canteen is 1000 m?,

Explanation of the eighth question:
Square section is 50x50 = 2500 m2.
Triangular section (40 x50)/ 2. So it is
1000 m?.

Figure 8. Student answers to the seventh and eighth questions

Looking at the student answers, the student who gave the wrong answer in the first

image calculated the area of the right-angled triangle by adding the lengths of the right-angled

sides and dividing it by two. The student, who made a mistake by adding the sides instead of

multiplying the side lengths, calculated the circumference of the right-angled trapezoid

instead of the area in the eighth question and expressed the result in area units. This student

confused the area with the circumference. In the second image, the student calculated the area

of the perpendicular triangle with the correct method but found an incorrect result because

student determined the side lengths incorrectly. Student incorrectly calculated the right-angled

trapezoid area by multiplying the side lengths. In the third image, the student correctly
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calculated the area of both polygons and acted with the strategy of dividing and completing
while calculating. Student found the area of the right-angled triangle by completing the
rectangle in both questions. While calculating the area of the right-angled trapezoid, student
divided the shape into more familiar shapes, such as triangles and rectangles. Students who
calculated in this way constituted 17% of the whole group. Based on student answers, while
calculating the area of triangles and trapezoids, students generally make calculations by

completing or dividing the shape into a rectangle or square.
Discussions, Conclusions and Suggestions

This study examined middle school student's knowledge and skills in measuring areas.
The results showed that the students had an overall unsuccessful performance in measuring
area. While 35% of the students were in the unsuccessful category, the students in the
excellent category made up two percent of the whole group. The evaluation based on
questions determined that students’ answers to all questions except the third question were
concentrated on the "wrong answer-wrong explanation.” In the study, a question was asked to
the students, aiming to find the area of shapes that did not resemble the polygons they know,
such as square, rectangle, and parallelogram, by counting the unit squares. However, most of
the students had difficulty finding the area of the region by counting the unit squares, and it
was determined that some students tried to calculate the area with the formula by completing
the area to familiar rectangular and square shapes instead of counting the unit squares. While
there was an easier way to find the area by counting the unit squares, the fact that the students
tried to find the area with the formula brought to mind the idea that they did not know the
concept of unit square or perceive the area as the amount occupied by a region. As Kamii and
Kysh (2006) stated, students did not accept the unit square as a unit of area measurement.
Olkun et al. (2014) stated in their study that students use formulas instead of calculating unit
squares and area. The fact that these students thought of the area concept as two lengths
multiplied rather than covering a region might be another reason for the results obtained. It is
stated in studies that students limit the concept of area-to-area measurement (Cavus Erdem,
2018; Huang & Witz, 2013). The main reason for this might be that the unit square was not
emphasized much in the teaching of the subject, the teaching was formula-oriented, and the
examples were presented on this axis because it was known that the problems arising from
teaching and the teacher's lack of knowledge could be an essential factor in the students'
mistakes in measuring area (Kidman & Cooper, 1997). Learning the concepts of area
measurement with their mathematical properties correctly in studies is an effective method for
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eliminating errors (Cavus Erdem, 2018). Therefore, in order to prevent the limited perception
of students, it would be a correct approach to create the perception that the area is covered
with equivalent units, together with an understanding based on algorithms, and to transform it
from column-row coordination to a systematic counting to multiplicative dimension (Clement
& Stephan, 2004; Outhred & Mitchelmore, 2000).

Students' lack of understanding of unit squares, one of the basic concepts of area
measurement, also affects their knowledge of standard area measurement units (Cavus Erdem,
2018). Similarly, this study concluded that the students had deficiencies in standard area
measurement units, and they made mistakes in the conversion between units. It was
determined that the students divided the square centimeter by 1000 or 100 to convert the
square meter, and some students wrote m and cm as the unit of measurement for the area. It is
stated in the studies that students make mistakes in the transformations between units and
have difficulties in terms of which number to multiply or divide by unit transformations
(Dogan Coskun, 2017). Dealing with the relationship between units in an operational way is
one of the main reasons for this situation (Bragg & Outhred, 2000). In textbooks, the
transformation between units is made with a ladder analogy (Caglayan et al., 2021). This
method can cause students to convert by rote. In order to avoid such difficulties in
transformations between units, it can be an effective method to show the size of the units and
their relationship with each other through concrete objects (Olkun & Toluk Ugar, 2009). It
can be suggested that unit squares such as m? and cm?, which are large enough to be displayed
in the classroom environment, should be shown with concrete materials, and the
transformation should be explained through these materials. Thus, it can be ensured that
students have an idea about the size of the units. In the study, it was determined that there was
a group of 20% of students who had erroneous information about the size of the area
measurement units. Most of the students had correct information about the sizes of standard
unit squares. Students might have considered length measurement units when associating
units of area measurement with examples in daily life. The statements "km is for the road, cm
is less™ in the students' answers supported this idea. Length measurement is the basis of area
measurement, and for a correct understanding of area measurement, length measurement must
also be understood correctly (Cetin, 2020; Outhred & Mitchelmore, 2000). The research

results showed that this situation is also valid for measurement units.

In order to examine the area measurement skills of the students in the research,

questions were asked to calculate the area of the parallelogram, triangle, and trapezoid. It was
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observed that students made different mistakes while calculating. Some students added the
side lengths to calculate the polygon area, while others mistakenly multiplied the two sides
instead of the base and the height. The fact that the students added the side lengths showed
that they confused the circumference and the area. In many studies, it is emphasized that
students confuse the circumference and the area and similarly add the side lengths of the
shapes to calculate the area (Baturo & Nason, 1996; Gelici, 2022; Simon & Blume, 1994;
Smith, et al., 2016; Tan Sisman & Aksu, 2009). The fact that the area and the circumference
were measurable properties of polygons, that both subjects were taught simultaneously, and
that it was a formula-based teaching caused difficulties in this regard (Van De Walle et al.,
2014). Another mistake identified by the students was that they multiplied the side lengths
while calculating the area of the polygons. It could be argued that students made mistakes by
overgeneralizing the area relation of square and rectangle (Schifter & Szymaszek, 2003).
Students who were more successful in calculating the area of a rectangle had lower levels of
success in calculating the area of a parallelogram, triangle, and trapezoid. Students were
known to calculate the rectangle's area more easily (Giirefe, 2018). Baturo and Nason (1996)
stated that students learned the area formula of the rectangle correctly without questioning
why and how. In squares and rectangles, unlike other polygons, the height, which is the base
and auxiliary element of the figure, is also the length of the side, which is the essential
element of the figure. This situation could make the area calculation of rectangles and squares
more memorable for students. At the same time, area calculation of rectangles and squares
takes place before other polygons in the curriculum. The fact that it is the first subject that
students encounter might also be another reason for the overgeneralization in area calculation.
Another reason was that in calculating the area of this square and rectangle, the formula was
expressed and taught as "the product of two sides™ or "length x width™ instead of "base x
height." From this point of view, students might be mistaken as "the lengths of the sides are
multiplied when calculating the area of polygons,” this may cause the concept of area to be
limited to the perception of "width x height.” Kamii and Kysh (2006) stated that teaching with
unit squares would be effective in preventing the limited perception of "width x height™ in
students. It could be effective to emphasize that the two lengths multiplied in the area formula
of a rectangle, the base of the polygon and the height of that base, were also the two

perpendicular sides of the polygon.

Another result obtained in the study about measuring area was that the students

followed a strategy of dividing or completing into rectangles and squares while calculating the
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area of triangles, parallelograms, and trapezoids. Giirefe (2018) similarly stated that students
made calculations based on formulas in triangles and rectangles and follow multi-step
strategies in parallelograms and trapezoids. In the field of teaching, the calculation of
parallelograms, a calculation method based on rectangular conversion, was discussed
(Caglayan et al., 2021; Cetin, 2020). In the area formula of the triangle, the square and
rectangle were similarly used when explaining the reason for dividing into two. This result

was thought to be due to education.

In the study, students had difficulty calculating the area of a polygon given its
perimeter. Similarly, Orhan (2013) stated in his study that students had difficulty in finding
the perimeter of a polygon whose area was given, while Celik (2023) stated that while
students were trying to create rectangles with equal and different areas, they could not
establish a relationship depending on the size of the unit. Chappell and Thompson (1999)
stated that students thought polygons with the same area would have the same perimeter. The
area and circumference mentioned above could confuse students (Gelici, 2022), and not
making the correct association between the area and the environment caused difficulties
(Martin & Strutchens, 2000). How students interpreted the relationship between the side
length and the area was also essential. Because students might think there was a linear
relationship between the side length and the area and between the circumference and the area
(Cavus Erdem, 2018; Moreira & Content, 1997), this thinking also led to errors. One of the
main reasons students made such mistakes was that formulas were handled operationally
without being conceptually understood because correctly using the area formula did not mean
that the concept of area was learned (Fauzan, 2002). The fact that there were students who
correctly calculated the area of the rectangle but could not calculate the area of the shape

given the circumference supported this idea.

Regarding this question, it was also determined that some students stated that the square
was not a rectangle. Studies involving students who did not accept the square as a particular
form of rectangle emphasized that this situation might have cognitive and pedagogical origins
(Monaghan, 2000). Studies showing that teacher candidates had similar perceptions (Horzum,

2018) strengthened the possibility that this misconception in students stemmed from teaching.

In summary, in this study, it was determined that students had difficulties in
transforming units, and they were more successful in calculating the area of a rectangle than
in calculating the area of a parallelogram, triangle, or trapezoid. Students who calculated the

area using unit squares covering a region was the majority. However, students who did not
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use unit squares in calculating the area made up one-third of the group. Other results obtained
from the research were that students tended to multiply the two sides of the polygon while
measuring area and that some students confused area measurement with circumference
measurement. Not learning the area conceptually and formula-based teaching were the main
reasons for these mistakes. In teaching the subject, emphasizing that the area is the amount
that covers a region and the role of the unit square in determining this amount, then switching
from the counting form to the multiplicative form, which is a shorter way, thus creating area
relations, would support students’ correct learning and improve their area measurement skills.
There may be other factors that are effective in the occurrence of detected errors. It was
recommended to conduct research with different student groups to reveal these factors that

cause errors in epistemological, pedagogical, or psychological dimensions.
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Ortaokul Ogrencilerinin Alan Ol¢me Bilgi ve Becerilerinin incelenmesi

Ozet:

Bu ¢alismada, ortaokul 6grencilerinin alan 6lgme bilgi ve becerilerinin incelenmesi amaglanmistir. Betimsel
yontemin kullanildig1 arastirmada veriler, yedinci smifta 6grenim goren 92 6grenciden, 8 adet agik uglu soru
ile yazili olarak toplanmistir. Ogrencilerin cevaplari acik uclu sorular1 puanlama élgegi ile analiz edilmistir.
Arastirmada, alan 6lgme birimlerinin biyiikligini dogru bir sekilde tahmin eden 6grencilerin ¢ogunlukta
oldugu, fakat standart alan 6lgme birimlerinin doniistimiinde zorlandiklarimi gostermektedir. Alani, bir
bolgeyi kaplayan birim karelerin sayisi olarak hesaplayabilen 6grenciler ¢ogunluktadir. Dikdortgenin alanimi
6lgmede basarili olan 6grencilerin, paralelkenar, tiggen ve yamugun alanini 6lgmedeki basarist diisiik olarak
belirlenmis ve Ogrencilerin alan dlgerken ¢okgenin iki kenarmi ¢arpmaya meyilli olduklari gbézlenmistir.
Ayrica bazi 6grencilerin alani ¢evre ile karistirdiklari belirlenmistir.

Anahtar kelimeler: alan 6l¢me, alan &lgme becerisi, geometri dgretimi, ortaokul égrencileri.

NEF-EFMED Cilt 17, Ozel Say1, Ekim 2023/ NFE-EJMSE Vol. 17, Special Issue, October 2023



Cavus Erdem, Z. 365

References

Baturo, A., & Nason, R. (1996). Student teachers' subject matter knowledge within the
domain of area measurement. Educational Studies in Mathematics, 31(3), 235-268.
https://doi.org/10.1007/BF00376322

Bingolbali, E., & Coskun, M. (2016). A proposed conceptual framework for enhancing the
use of making connections skill in mathematics teaching. Egitim ve Bilim, 41(183), 233-
249. http://dx.doi.org/10.15390/EB.2016.4764

Bingdlbali, E., & Ozmantar, M. F. (Eds). (2009). [lkégretimde karsilasilan matematiksel
zorluklar ve ¢oziim onerileri [Mathematical difficulties encountered in primary
education and solution suggestions] (1% ed.). Pegem Akademi.

Bragg, P., & Outhred, L. (2000, July, 23-27). Students' knowledge of length units: do they
know more than rules about rulers? [Oral presented]. 24th Conference of the
International Study Group for the Psychology of Mathematics Education, Hiroshima,
Japan.

Cavanagh, M. (2008). Area measurement in year 7. Reflections, 33(1), 55-58.
https://researchers.mqg.edu.au/en/publications/area-measurement-in-year-7/fingerprints/

Chappell, M. F., & Thompson, D. R. (1999). Take time for action: perimeter or area? Which
measure is it? Mathematics Teaching in the Middle School, 5(1), 20-23.
https://doi.org/10.5951/MTMS.5.1.0020

Clements, D. H., & Stephan, M. (2004). Measurement in pre-K to grade 2 mathematics. D. H.
Clements, J. Sarama & A.-M. DiBiase (Eds.). In Engaging young children in
mathematics: Standards for early childhood mathematics education (pp. 299-317),
Routledge.

Creswell, J. (2020). Qualitative inquiry & research design choosing among five approaches
(Revised 5"ed.) (S.B., Demir & M., Biitiin, trans.). Siyasal Kitabevi (Original work
published 2013).

Caglayan, N., Dagistan, A., & Korkmaz, B. (2021). Ortaokul ve imam hatip ortaokulu 6. sinif
matematik ders kitab: [Middle and imam hatip middle school 6th grade mathematics
textbook]. MEB Yayinlari.

Cavus Erdem, Z. (2013). Determination of students' mistakes and misconceptions about
equations and teacher views on reasons and solutions of these mistakes and

misconceptions [Unpublished master’s thesis], Adiyaman University.

Necatibey Egitim Fakiiltesi Elektronik Fen ve Matematik Egitimi Dergisi
Necatibey Faculty of Education, Electronic Journal of Science and Mathematics Education


https://doi.org/10.1007/BF00376322
http://dx.doi.org/10.15390/EB.2016.4764
https://researchers.mq.edu.au/en/publications/area-measurement-in-year-7/fingerprints/
https://doi.org/10.5951/MTMS.5.1.0020

366 Investigation of Middle School Students' Area Measurement Knowledge and Skills

Cavus Erdem, Z. (2018). Investigation of the learning process based on mathematical
modeling activities in the context of area measurement [Unpublished doctoral
dissertation], Adiyaman University.

Celik, S., (2023). Connection forms of sixth grade students regarding the conceptions of
length, perimeter, area and volume. [Unpublished master’s thesis], Ankara University.

Cetin, H. (2020). Alan 6lgme ve 6gretimi [Area measurement and teaching]. E., Ertekin ve
M., Unlii (Eds). Geometri ve 6l¢me égretimi: Tanimlar, kavramlar ve etkinlikler [In
Teaching geometry and measurement: Definitions, concepts and activities ] (pp. 645-
676), Pegem Akademi.

Dogan Coskun, S. (2017). Investigation of primary school teachers' mathematical knowledge
in teaching for length measurement and perimeter topics with the knowledge quartet
model [Unpublished doctoral dissertation]. Gazi University.

Dursun, S., & Dede, Y.(2004). The factors affecting students’ success in mathematics:
mathematics teachers’ perspectives. Journal of Gazi Faculty of Education, 24(2), 217-
230. https://dergipark.org.tr/tr/pub/gefad/issue/6759/90924

Fauzan, A. (2002). Applying Realistic Mathematics Education (RME) in teaching geometry in
Indonesian primary schools, [Published doctoral dissertation]. Twente University.

Hansen, A. (2014). Children’s errors in mathematics (3 ed.)Los Angeles: Learning Matters.

Huang, H. M. E., & Witz, K. G. (2013). Children's conceptions of area measurement and their
strategies for solving area measurement problems. Journal of Curriculum and Teaching,
2(1), 10-26. http://dx.doi.org/10.5430/jct.v2n1pl0

Horzum, T. (2018). he investigation of preservice mathematics teachers’ knowledge about
quadrilaterals through concept maps. Turkish Journal of Computer and Mathematics
Education (TURCOMAT), 9(1), 1-30. http:// doi/10.16949/turkbilmat.333678

Gelici, O. (2022). Investigation of secondary school students' concept images and proof
schemes about perimeter and area [Unpublished master’s thesis]. Anadolu University.

Giirbiiz, R., & Birgin, O. (2012). The effect of computer-assisted teaching on remedying
misconceptions: The case of the subject “probability”. Computers & Education, 58(3),
931-941. https://doi:10.1016/j.compedu.2011.11.005

Giirefe N. (2018). Determining strategies used in area measurement problems by middle
school students. Hacettepe University Journal of Education, 33(2), 417-438.
https://d0i:10.16986/HUJE.2017032703

NEF-EFMED Cilt 17, Ozel Say1, Ekim 2023/ NFE-EJMSE Vol. 17, Special Issue, October 2023


https://dergipark.org.tr/tr/pub/gefad/issue/6759/90924
http://dx.doi.org/10.5430/jct.v2n1p10
http://dergipark.gov.tr/tr/doi/10.16949/turkbilmat.333678
https://doi:10.1016/j.compedu.2011.11.005
https://doi:10.16986/HUJE.2017032703

Cavus Erdem, Z. 367

Kamii, C., & Kysh, J. (2006). The difficulty of “lengthx width”: Is a square the unit of
measurement? The Journal of Mathematical Behavior, 25(2), 105-115.
https://doi.org/10.1016/j.jmathb.2006.02.001

Kaya, D. (2019). Problem solving skills related to area measurement of 6th grade students.
International Journal of Educational Studies in Mathematics, 6(4), 144-171.
https://dergipark.org.tr/en/pub/ijesim/issue/50978/626133

Kidman, G., & Cooper, T. J. (1997, July, 14-19 ). Area integration rules for grades 4, 6 and 8
students. [Oral presentation]. In Proceedings of the 21st international Conference for the
Psychology of Mathematics Education, Lahti, Finland.
https://www.igpme.org/publications/current-proceedings/

Konold, T. R., & Canivez, G. L. (2010). Differential relationships between WISC-1V and
WIAT-II scales: An evaluation of potentially moderating child demographics.
Educational and Psychological Measurement, 70(4), 613-627.
https://d0i:10.1177/0013164409355686

Lim C. S., & Ernest, P. (1999). Public Images of Mathematics. Philosophy of Mathematics
Education Journal, 11, 43-55.
https://education.exeter.ac.uk/research/centres/stem/publications/pmej/pomell/art6.htm

Martin, W. G., & Strutchens, M. E. (2000). Geometry and measurement. In E. A. Silver & P.
A. Kennedy (Eds.), Results from the seventh mathematics assessment of the national
assessment of education progress (pp. 193-234), Reston, Va.

Monaghan, F. (2000). What difference does it make? Children’s views of the differences
between some quadrilaterals. Educational Studies in Mathematics, 42(2),179-196.
https://doi.org/10.1023/A:1004175020394

Moreira, C. Q. and Contente, M. D. R. (1997, July, 14-19). The role of writing to foster
pupil’s learning about area. [Oral presentation]. In Proceedings of the 21st PME
International Conference, Lahti, Finland. https://www.igpme.org/publications/current-
proceedings/

Ministry of National Education (MoNE), (2018). Ortaokul matematik dersi (1, 2, 3,4, 5, 6, 7
ve 8. siniflar) 6gretim program: [Middle school mathematics lesson (1, 2, 3, 4,5, 6, 7
and 8th grades) curriculum ]. MoNE.

Ministry of National Education (MoNE), (2022). Matematik seferberligi baslad:
[Mathematics campaign has begun]. Retrieved April 2, 2023 from
https://www.meb.gov.tr/matematik-seferberligi-basladi/haber/26241/tr

Necatibey Egitim Fakiiltesi Elektronik Fen ve Matematik Egitimi Dergisi
Necatibey Faculty of Education, Electronic Journal of Science and Mathematics Education


https://doi.org/10.1016/j.jmathb.2006.02.001
https://dergipark.org.tr/en/pub/ijesim/issue/50978/626133
https://www.igpme.org/publications/current-proceedings/
https://doi:10.1177/0013164409355686
https://education.exeter.ac.uk/research/centres/stem/publications/pmej/pome11/art6.htm
https://doi.org/10.1023/A:1004175020394
https://www.igpme.org/publications/current-proceedings/
https://www.igpme.org/publications/current-proceedings/
https://www.meb.gov.tr/matematik-seferberligi-basladi/haber/26241/tr

368 Investigation of Middle School Students' Area Measurement Knowledge and Skills

Miles, M. B., & Huberman, A. M. (1994). Qualitative data analysis: An expanded
sourcebook (3™ ed.). Sage.

Olkun, S., Celebi, O., Fidan, E., Engin, O., & Gokgiin, C. (2014). The meaning of unit square
and area formula for Turkish students. Hacettepe University Journal of Education,
29(29-1), 180-195. http://www.efdergi.hacettepe.edu.tr/shw_artcl-111.html

Olkun, S., & Toluk-Ucgar, Z. (2009). lkégretimde etkinlik temelli matematik dgretimi
[Activity-based mathematics teaching in primary education](6" ed.) An1 Yayncilik.

Orhan, N. (2013). An Investigation of private middle school students’ common errors in the
domain of area and perimeter and the relationship between their geometry self-efficacy
beliefs and basic procedural and conceptual knowledge of area and perimeter
[Unpublished master's thesis], Orta Dogu Teknik University.

Outhred, L. N., & Mitchelmore, M. C. (2000). Young children's intuitive understanding of
rectangular area measurement. Journal For Research In Mathematics Education, 31(2),
144-167. https://doi.org/10.2307/749749

Onal, H., & Aydin, O. (2018). Misconceptions and error patterns mathematics lesson in
primary school. Journal of Education, Theory and Practical Research, 4(2), 1-9.
https://dergipark.org.tr/en/pub/ekuad/issue/38280/442698

Oztiirk, F. N., & Giirefe, N. (2021, October, 28-30). Ortaokul égrencilerinin kesri
belirlemede geometrik alan él¢me bilgisini kullanmas: [Middle school students' use of
Their geometric area measurement knowledge in determining the fraction], [Oral
presented], 5th Turkish Computer & Mathematics Education Symposium, Antalya,
Turkey. https://bilmat.org/turkbilmat2021/2dil=tr

Savas, E., Tas, S., & Duru, A. (2010). Factors affecting students’ achievement in
mathematics. Mathematics Learning, 11(1), 113-132. http://hdl.handle.net/11616/4342

Schifter, D., & Szymaszek, J. (2003). Structuring a rectangle: Teachers write to learn about
their students’ thinking. H.D., Clements, and G. Bright (Eds). Learning and teaching
measurement, NCTM, Reston.

Simon, M. A., & Blume, G. W. (1994). Building and understanding multiplicative
relationships: A study of prospective elementary teachers. Journal for Research in
Mathematics Education, 25(5), 472-494.
https://doi.org/10.5951/jresematheduc.25.5.0472

Smith 111, J. P., Males, L. M., & Gonulates, F. (2016). Conceptual limitations in curricular
presentations of area measurement: One nation’s challenges. Mathematical Thinking
and Learning, 18(4), 239-270. https://doi.org/10.1080/10986065.2016.1219930

NEF-EFMED Cilt 17, Ozel Say1, Ekim 2023/ NFE-EJMSE Vol. 17, Special Issue, October 2023


http://www.efdergi.hacettepe.edu.tr/shw_artcl-111.html
https://doi.org/10.2307/749749
https://dergipark.org.tr/en/pub/ekuad
https://dergipark.org.tr/en/pub/ekuad/issue/38280/442698
http://hdl.handle.net/11616/4342
https://doi.org/10.5951/jresematheduc.25.5.0472
https://doi.org/10.1080/10986065.2016.1219930

Cavus Erdem, Z. 369

Stafslien, C. (2001), Gender differences in achievement in mathematics. Retrieved July 2,
2022 from http://www.math.wisc.edu/~weinberg/MathEd/Gender_Term_Paper.doc

Sahin, B. (2013). Ogretmen adaylarinin “matematik dgretmeni”, “matematik” ve “matematik
dersi” kavramlarina iliskin sahip olduklart metaforik algilar. Mersin University Journal
of the Faculty of Education, 9(1), 313-321.
https://dergipark.org.tr/en/pub/mersinefd/issue/17382/181617

Tan Sisman, G., & Aksu, M. (2009). Seventh grade students' success on the topics of area and
perimeter. Elementary Education Online, 8(1), 243-253. https://ilkogretim-
online.org/index.php?mno=121376

Tan Sisman, G., & Aksu, M. (2016). A study on sixth grade students’ misconceptions and
errors in spatial measurement: Length, area, and volume. International Journal of
Science and Mathematics Education, 14, 1293-1319. https://doi.org/10.1007/s10763-
015-9642-5

Thomson, S., Lokan, J., Stephen, L., & Ainley, J. (2003). Lessons from the third international
mathematics and science study. Retrieved October, 5, 2022 from
https://research.acer.edu.au/timss_monographs/9

Senol, A., Diindar, S., Kaya, 1., Giindiiz, N., & Temel, H. (2015). Investigation of secondary
school mathematics teachers’ opinions on mathematics fear. Journal of Theory &
Practice in Education (JTPE), 11(2), 653-672.
https://dergipark.org.tr/en/pub/eku/issue/5465/74216

Van De Walle, J. A., Karp, K. S., & Bay-Williams, J. M. (2014). Ilkokul ve ortaokul
matematigi gelisimsel yaklasimla 6gretim [Elementary & middle school mathematics:
teaching developmentally] (S., Durmus, Trans.), Nobel Akademik Yayimcilik.

Yaman, F., & Yaman, B. (2020). Metaphoric perceptions of secondary school students on
mathematics concept. Eurasian Journal of Researches in Social and Economics
(EJRSE), 7(6), 250-265. https://dergipark.org.tr/en/pub/asead/issue/55211/737640

Yenilmez, K., & Yasa, E., (2008). Primary school students’ misconceptions about geometry.
Journal of Uludag University Faculty of Education, 21(2), 461-483.
https://dergipark.org.tr/en/pub/uefad/issue/16688/173427

Yenilmez, K., & Pargan, A. S. (2008). Primary school 2nd grade students’ perceptions
towards standard unit of length measurement A4i Evran University Journal of Kirsehir
Education Faculty, 9(2), 59-67.
https://dergipark.org.tr/en/pub/kefad/issue/59525/856031

Necatibey Egitim Fakiiltesi Elektronik Fen ve Matematik Egitimi Dergisi
Necatibey Faculty of Education, Electronic Journal of Science and Mathematics Education


http://www.math.wisc.edu/~weinberg/MathEd/Gender_Term_Paper.doc
https://dergipark.org.tr/en/pub/mersinefd
https://dergipark.org.tr/en/pub/mersinefd
https://dergipark.org.tr/en/pub/mersinefd/issue/17382/181617
https://ilkogretim-online.org/index.php?mno=121376
https://ilkogretim-online.org/index.php?mno=121376
https://doi.org/10.1007/s10763-015-9642-5
https://doi.org/10.1007/s10763-015-9642-5
https://research.acer.edu.au/timss_monographs/9
https://dergipark.org.tr/en/pub/asead/issue/55211/737640

370 Investigation of Middle School Students' Area Measurement Knowledge and Skills

Yin, R.K. (2009). Case study methods: Design and methods (4" ed.). Sage.

Yorulmaz, A., & Onal, H. (2017). Examination of the views of class teachers regarding the
errors primary school students make in four operations. Universal Journal of
Educational Research, 5(11), 1885-1895. https://doi.org/10.13189/ujer.2017.051105

Zacharos, K. (2006). Prevailing educational practices for area measurement and students’
failure in measuring areas. The Journal of Mathematical Behavior, 25(3), 224-239.
https://doi.org/10.1016/j.jmathb.2006.09.003

NEF-EFMED Cilt 17, Ozel Say1, Ekim 2023/ NFE-EJMSE Vol. 17, Special Issue, October 2023


https://doi.org/10.1016/j.jmathb.2006.09.003

