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Abstract

This study is aimed at developing an achievement test on quadrilaterals for seventh-grade students.
For this purpose, a test consisting of multiple choice questions was developed by conducting
validity and reliability studies. Survey design, one of the quantitative research methods, was used.
The sample of the study consisted of 300 seventh-grade students enrolled in a middle school in
Melikgazi district of Kayseri, Turkey. Within the scope of validity, item analysis and construct
validity analyses were conducted. In addition, exploratory and confirmatory factor analyses were
conducted for construct validity. As a result of the reliability analysis, the KR-20 reliability
coefficient of the scores obtained from the test was calculated as 0.928. The CFA analysis
confirmed the one-factor structure determined by the EFA. The average item difficulty index of the
scale was found to be 0.51, and the average item discrimination index was found to be 0.64. As a
result, a valid and reliable quadrilateral test was obtained. For future studies, this test, which has
high discrimination, can be accepted as a criterion test, and items can be prepared for similar
purposes.
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Yedinci Stmf Ogrencileri icin Dortgenler Testi Gelistirme:
Gecerlik ve Giivenirlik Calismasi”
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Oz

Bu calismada 7. smif o6grencileri igin dortgenler konusunda bir basari testi gelistirilmesi
amaclanmistir. Bu amag dogrultusunda gegerlik ve giivenirlik ¢aligmalar1 yapilarak ¢oktan se¢gmeli
sorulardan olugan bir test gelistirilmistir. Nicel arastirma yontemlerinden biri olan anket tasarimi
kullanilmistir. Caligmanin 6rneklemini Tirkiye'nin Kayseri ili Melikgazi ilgesindeki bir ortaokulda
o0grenim goren 300 yedinci smif 6grencisi olusturmustur. Gegerlik kapsaminda madde analizi ve
yap1 gegerliligi analizleri yapilmistir. Ayrica yap1 gegerliligi i¢in agimlayici faktdr analizi ve
dogrulayici faktor analizi yapilmustir. Yapilan giivenirlik analizi sonucunda testten elde edilen
puanlarm KR-20 giivenirlik katsayis1 0,928 olarak hesaplanmistir. DFA analizi, AFA'nin belirledigi
tek faktorlii yapiy1 dogrulamistir. Olgegin ortalama madde giigliik indeksi 0,51, ortalama madde
ay1rt edicilik indeksi ise 0,64 olarak bulunmustur. Sonug olarak gecerli ve giivenilir bir dortgenler
testi elde edilmistir. {leride yapilacak caligmalarda yiiksek ayirt edicilige sahip bu test bir lgiit test
olarak kabul edilebilir ve benzer amaglar i¢in maddeler hazirlanabilir.

Anahtar Sézciikler: Dortgenler, matematik egitimi, test gelistirme, gecerlik, giivenirlik.
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Introduction

Geometry teaching has been included in the curriculum due to various requirements. These include
being able to use entities made up of geometric shapes effectively, understanding how shapes relate to
their functions, recognizing space and applying spatial skills, and employing basic geometry knowledge
and skills to solve everyday life problems (Aslaner, 2018). In the math curriculum, geometry is taught
to help students learn how to think mathematically and logically, to show how things fit into the real
world by looking at their spatial properties, and to give students the geometry skills they need in
everyday life (Gonzalez & Herbst, 2006). The development of geometric thinking enhances
mathematical thinking.

Geometry develops five important skills in students: visual, verbal (use of terminology), drawing,
and logical skills (distinguishing classification patterns, forming and testing hypotheses, and making
inferences). Hoffer (1981) defines geometry as the application of knowledge to daily life. Understanding
geometry not only prepares students for higher-level thinking but also establishes a foundation for
various mathematical subjects such as measurement, arithmetic, and problem-solving (Gravemeijer et
al., 2016). The K-12 math curriculum aims to teach students how to: use transformation geometry and
symmetry to solve mathematical problems; figure out where things are and how they relate to each other
using analytic geometry and other representation systems; and think mathematically about the properties
of two-dimensional and three-dimensional geometric shapes and objects and how they relate to each
other mathematically (National Council of Teachers of Mathematics [NCTM], 2000). It utilizes
visualization, spatial reasoning, and geometric modeling to address the problem.

Geometry involves three cognitive processes that develop in synergy with one another:
visualization, structure building, and evidence processing (Duval, 1998). Visualization involves
describing an expression, making its hidden parts visible, and describing the object's two- and three-
dimensional relationships and gestalt in a way that makes it easier to understand. It includes
summarizing or subjectively questioning the problem, as well as constructing structures. This phase
involves creating a mathematical model that expresses actions and observed results using tools such as
rulers, compasses, or dynamic geometry software. Proof demonstrates the truth of the propositions
reached through reasoning processes.

Teaching geometry aims to build theoretical and spatial knowledge together. When students
encounter new geometry problems, they must see, understand, predict, and prove the connection
between their theoretical knowledge and the representation of these concepts in space (Laborde et al.,
2006). It is possible to approach a geometry problem from various perspectives and arrive at different
solutions. This diversity and richness should enhance geometry teaching. Flexible instruction should
integrate different visualization methods and types of reasoning (Duval, 1998). Vinner (1991) outlined
key considerations for defining and organizing mathematical concepts as follows. Students primarily
acquire concepts through their definitions. They use definitions to solve problems and mathematically
prove theorems when necessary. Descriptions should be concise and contain minimal information.

Quadrilaterals

Quadrilaterals are defined as: If A, B, C, and D are four non-linear planar points, then [AB], [BC],
[CD], and [DA], which are made up of four line segments that only meet at their ends, are called a
quadrilateral (Hizarci et al., 2009). This is a simple definition of quadrilaterals, including concave and
convex quadrilaterals whose sides intersect only at the vertices. Grade level allows for changes in
definitions and an increase in properties. For example, while all diagonals of convex polygons intersect
at a common point, not all diagonals of concave polygons intersect at a common point (Graumann,
2005). De Villiers (1994) defined a more complex quadrilateral (i.e., crossed quadrilateral) according
to which both sides of a quadrilateral can intersect each other at a point other than the corners.

Special quadrilaterals can be classified according to the properties of their angles and sides. A
square, rectangle, rhombus, parallelogram, trapezoid, and deltoid are special quadrilaterals, but the
deltoid is not included in the middle school mathematics curriculum (Ministry of National Education
[MoNE], 2018). Special quadrilaterals are defined in two ways. The relationships and coverage of these
quadrilaterals determine whether definitions are hierarchical or exclude relationships.
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The hierarchical ordering of quadrilaterals can benefit from reasoning, and it is important to focus
on certain features (Graumann, 2005). It is important to pay attention to the following features: sides of
the same length, parallel sides, opposite angles of the same measure, special angles, angles that add up
to the same number, diagonals of the same length, orthogonal (crossing perpendicularly) diagonals,
diagonals that average each other, one diagonal that averages the other, and axes of symmetry. We
classify these definitions as either inclusive or exclusive (Ulusoy, 2022). In an inclusive definition, the
classification of any set of concepts is hierarchically dependent on the definition. The most general
special quadrilateral is considered a trapezoid, and the definition is made as a quadrilateral with at least
one pair of opposite sides parallel. On the other hand, the exclusionary approach defines the trapezoid
as a quadrilateral with only one pair of opposite sides parallel (De Villiers, 1994). The Turkish MoNE
(2018) middle school mathematics curriculum accepts the inclusive definition in teaching quadrilaterals.
The definitions of quadrilaterals are:

A trapezoid is a quadrilateral with at least one pair of parallel sides (MoNE, 2018). The definition
of a trapezoid is expressed with a hierarchical and inclusive approach. In the next step, students are
expected to establish a relationship between a trapezoid and a parallelogram and conceptualize a
trapezoid with two pairs of parallel sides as a parallelogram (Calik Uzun, 2020). A parallelogram has
two pairs of parallel sides, or a quadrilateral whose opposite sides are parallel and of equal length. Since
the two pairs of sides of a quadrilateral are parallel, their opposite sides must also be equal, so there is
no need to state this equality (Calik Uzun, 2020). The sides of a parallelogram are equal because the
opposite sides are parallel; the lengths of diagonals are different, but they center each other. Its opposite
angles are equal, and consecutive interior angles are supplementary.

A rhombus is a parallelogram with all sides of equal length. In addition to the properties of a
parallelogram, it has some special angle-side relationships. All sides of a rhombus are the same length,
and its diagonals are orthogonal; that is, they are not parallel to each other. The bisector is the point
where the diagonals meet at the corners (Calik Uzun, 2020). Since the side lengths are equal and the
diagonals are bisectors, these diagonals divide the thombus into four equal triangles (Danisman, 2020).
A rectangle is a parallelogram with a 90-degree angle. In addition to all the properties of the
parallelogram, all its interior angles are 90 degree, and the lengths of both diagonals are equal (Calik
Uzun, 2020). A rectangle is a special case of a parallelogram, and it has same properties as a
parallelogram. In addition to parallelogram properties, rectangle diagonals are equal in length and
bisect.

A square is a special case of a rectangle with all sides of equal length. The lengths of the diagonals
are equal; they are bisectors, and each of these angles is 45° The diagonals bisect each other
orthogonally, dividing the square into four equal triangular regions (Danisman, 2020). A square is a
special kind of trapezoid, parallelogram, rhombus, or rectangular square (Calik Uzun, 2020). Zazkis
and Leikin (2008) said that a square is a regular quadrilateral with all interior angles and side lengths
being the same, a quadrilateral with all sides being the same and one angle being 90 degrees, a rhombus
with equal interior angles and diagonal lengths, and a parallelogram with equal length and an orthogonal
diagonal. It is defined as a quadrilateral with four axes of symmetry.

Students’ Misconceptions and Difficulties in Quadrilaterals

Students may experience problems when they do not consider the relational properties of
quadrilaterals and focus only on the shapes of these concepts (Calik Uzun, 2020). Middle school
students had misconceptions about trapezoids and thought that some special quadrilaterals, such as
squares, rectangles, and parallelograms, were not trapezoids (Dogan et al., 2012). Seventh-grade
students had misconceptions regarding the classification and definition of special quadrilaterals and the
determination of the relationships between them (Ay & Basbay, 2017; Ozkan & Bal, 2017). Ubuz (2017)
found that the formal definitions used to set up hierarchical relationships between special quadrilaterals
and students' concept images were not the same. She suggested using shapes that encompass everyone
to create the correct concept image.

In this study, we aimed to develop a valid and reliable method for a seventh-grade geometry test
based on quadrilaterals. We developed the geometry test to identify students' misconceptions and
achievements in quadrilaterals. This test, developed following the mathematics curriculum, can be used
by middle school teachers to determine students' misconceptions and achievements in quadrilaterals.
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Method
Study Design

We used a survey design, a type of quantitative research method. In a survey design, the qualities,
such as interests, skills, opinions, and abilities, of the participants regarding a subject or event are
revealed (Fraenkel & Wallen, 2006). This study aimed to develop a reliable and valid achievement test
to determine the achievement levels of 7"-grade middle school students on quadrilaterals.

Population and Sample

The accessible population for the study includes 7"-grade students in Melikgazi, Kayseri, during
the 2022-2023 academic year. The sample consists of 300 students enrolled in 7th grade at a middle
school in Melikgazi, Kayseri. The study utilized cluster sampling. The sample size must be at least five
times the number of questions (Biiyiikoztiirk, 2002). This study also adheres to the ten-fold rule. We
initially composed the achievement test with 25 questions but later reduced it to 17 through analysis,
leading to the establishment of the final version. The final version of the quadrilaterals test is in the
Appendix. Orman (2025) administered the Turkish version of the quadrilateral test.

Data Collection Tools

We aimed to develop a quadrilaterals test as a data collection tool. We provided the quadrilaterals
test in Orman (2025). We conducted validity and reliability studies while creating the quadrilaterals test.
The related section presents the findings.

Data Analysis

We conducted the necessary reliability and validity studies using SPSS 22 during the test
development phase. A value of 1 was assigned to students’ correct answers and 0 to their blank or wrong
answers. To ensure content validity, the purpose and objectives of the study were determined, a question
pool was created, a specification table was created, and expert evaluation was conducted. Difficulty and
discrimination indexes were examined to ensure the validity of the test. In addition, exploratory and
confirmatory factor analyses were conducted for construct validity. Then, the KR-20 reliability
coefficient was calculated. Since the study was carried out by following the achievement test
development steps, detailed information about the analysis is given in the findings section.

Ethical Procedures

The Human Sciences Ethics Committee of the corresponding Erciyes University approved the
research protocol on 25/ 10/ 2022 with the research number 445. The data were obtained from students.
For this reason, we informed the participating students and their families about the study's content. We
obtained consent forms from the families of each student. The research was based on voluntary
participation.

Results
Validity Study for Achievement Test

Validity is the degree to which a test prepared for a purpose serves it (Fraenkel & Wallen, 1996).
Within the scope of the validity study, findings related to content and construct validity were included.

Content Validity of Quadrilaterals Test

We examined the Mathematics Curriculum before creating the quadrilaterals test (MoNE, 2018).
The curriculum includes quadrilaterals under the subheading of polygons in the Geometry and
Measurement Learning Area. Table 1 provides the objectives regarding quadrilaterals in the
mathematics curriculum. There are three objectives for quadrilaterals in the curriculum. First, the
researcher considered these objectives, conducted a literature review, and created an item pool
consisting of 60 items. This item pool was reduced to 25 items by obtaining the opinions of five experts,
including a Turkish teacher, three mathematics teachers, and a faculty member working in the
department of middle school mathematics teaching. The first item was included in the 2022 7th-grade
Scholarship Exam. The third item was included in the 2010 7""-grade SBS Exam. Item 17 was included
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in the 2008 7"-grade SBS Exam. The 8th item was included in the 2007 7"-grade Scholarship Exam.
Inspired by scholarship exams and expert opinions, the researcher prepared the other items using 7th-
grade mathematics textbooks. Table 1 displays the relationship between 25 items and the objectives.

Table 1. Distribution of objectives (O)

O An Explanation of Objectives Items
1  “Recognizes rectangle, parallelogram, trapezoid, and rhombus; determines the 3,6,7,9, 10,11,
angle properties.” (MoNE, 2018, p. 69) (Seven hours of teaching) 12, 13, 14, 15, 16,

a) “Along with the angles formed by the sides, the angles formed by the diagonals 18, 19, 20, 21, 23,
in thombuses, squares, and rectangles are also examined.” (MoNE, 2018, p. 69) 24,25

b) “Square is considered a special case of rectangle and rhombus. In addition,

rectangles and rhombuses are considered special cases of parallelograms. In

addition, rectangle, rhombus and parallelogram are considered special cases of the

trapezoid.” (MoNE, 2018, p. 69)

2 “Creates area relations of rhombus and trapezoid, solves related problems." 1,2,5, 17
(MoNE, 2018, p. 69) (2 hours of teaching)
3 “Solves area-related problems.” (MoNE, 2018, p. 69) (3 hours of teaching) 4,8,22

a) “Problems that require finding the areas of compound shapes consisting of
triangles, rectangles, parallelograms, trapezoids, or rhombuses are included.”
(MoNE, 2018, p. 69).

b) “Studies aimed at relating the perimeter and area of a rectangle are included.
"The perimeters of different rectangles with the same area and the areas of
different rectangles with the same perimeter are examined." (MoNE, 2018, p. 69).

Examining Table 1, we found that the first objective had the highest number of items. This is
because it is a detailed learning outcome that examines the angle and diagonal properties of
quadrilaterals and their relationships with each other. The first version of the quadrilaterals test,
consisting of 25 items, was administered to 300 8th-grade students enrolled in the same school with 7th-
grade students at the beginning of the 2022-2023 academic year. The reason why the first version of the
quadrilaterals test was administered to 8th graders was that 7th graders had recently learned the
quadrilaterals.

Item Analysis

We examined item difficulty and discrimination indexes in addition to content validity studies.
These indexes are statistical procedures that will also increase the validity of the test. In the quadrilateral
test, items can be multiple-choice. In the quadrilateral test, one point was given to those who answered
each question correctly, and zero points were given to those who answered incorrectly or left the
question blank. In this way, both the item-based and total scores of 300 students were calculated.
Students were ranked from highest to lowest according to their scores. Since 27% of 300 were 81, the
81 students with the highest score formed the upper group, and the 81 students with the lowest score
formed the lower group. The item analysis method was applied to the lower and upper groups.

The item difficulty index of each question was calculated by dividing the sum of the number of
students who answered each question correctly in the upper and lower groups by the sum of the number
of students in the upper and lower groups, which is 162. Then, the number of students who answered
each question correctly in the upper group was subtracted from the number of students who answered
it correctly in the lower group. We determined the item discrimination index for each question by
dividing this difference by the total number of students in each group, which is 81. These calculated
index values are shown in Table 2.

If the item difficulty index is close to 1, the item is easy; if it is close to 0, the item is difficult
(Biiyiikoztiirk, 2011). This value is generally expected to be close to 0.5. However, preparing each item
with a difficulty index of 0.5 is not desirable. Instead, items with easy, medium, and difficult difficulty
should be included in the test. As a result, the average item difficulty index of the test should be close
to 0.5 (Biiyiikoztiirk, 2011; Hasangebi et al., 2020). As seen in Table 2, the item difficulty index of each
question varies between 0.19 and 0.69. The average item difficulty index of the test was calculated as
0.47.
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Table 2. Difficulty and Discrimination Indexes of Items in the Achievement Test

Item  Item difficulty Item discrimination  Item Item difficulty Item discrimination

index index index index
1 0.49 0.36 14 0.66 0.63
2 0.65 0.59 15 0.59 0.60
3 0.32 0.44 16 0.51 0.65
4 0.44 0.60 17 0.54 0.79
5 0.48 0.77 18 0.59 0.32
6 0.41 0.63 19 0.62 0.54
7 0.69 0.36 20 0.36 0.33
8 0.49 0.74 21 0.24 0.38
9 0.34 0.21 22 0.49 0.68
10 0.41 0.59 23 0.60 0.57
11 0.41 0.65 24 0.50 0.70
12 0.19 0.05 25 0.53 0.64
13 0.22 0.21

We use item discrimination as an index to differentiate between individuals who possess the
relevant item and those who do not. This index takes a value between +1 and -1. If this value is close to
1, itis interpreted as high discrimination in the upper and lower groups for the relevant item, and if it is
close to 0, it is interpreted as low discrimination. A negative value means that the number of correct
answers in the lower group is higher than in the upper group (Hasangebi et al., 2020). Biiyiikdztiirk
(2011) states that for the item discrimination index range, “If it is less than 0.20, the relevant item is
weak and should be removed from the test; in the range of 0.20 — 0.29, the relevant item should be
corrected and reviewed; in the range of 0.30 — 0.39, the relevant item is quite good; and if it is 0.40 and
above, it is a very good item.”

Examining Table 2 reveals that the item discrimination index values range from 0.05 to 0.77. The
average item discrimination index of the test was calculated as 0.52. Items 1, 7, 9, 12, 13, 18, 20, and
21, whose item discrimination index was less than 0.40, were removed from the test after receiving
expert opinions. Therefore, we found that each item's item discrimination index exceeded 0.40. After
the relevant items were removed from the test, the average item difficulty index of the remaining 17
items was found to be 0.51, and the average item discrimination index was 0.64.

Exploratory Factor Analysis (EFA) for Construct Validity

Construct validity refers to how well the test demonstrates the theoretical framework for
measurement (Cepni et al., 2012). We performed an EFA, as shown in Table 3, to address this. To
perform factor analysis, it is recommended that Bartlett's test be significant (Pallant, 2016) and the KMO
index be greater than the minimum value of 0.6 (Tabachnick & Fidell, 2013). When Table 3 is
examined, the KMO value is 0.885. Therefore, since the KMO value is greater than 0.6, EFA can be
performed.

Table 3. KMO Value for the Quadrilaterals Test

Kaiser-Meyer-Olkin Measure of Sampling Adequacy .885
Approx. Chi-Square 1041.963
df 136
p .000

Table 4 displays the total variance after the statistical analysis. Factors with eigenvalues greater
than 1 are given in Table 4. Components with eigenvalues of 1 or more are taken into account to decide
how many factors to extract (Pallant, 2016). The quadrilaterals test was grouped under one factor. We
grouped the quadrilaterals test under a single factor due to the interrelated nature of its objectives. These
factors cover 24.245% of the test items. However, the explained variance table alone cannot determine
the factor structure in the test.

Table 4. Total Variance Values for the Quadrilaterals Test

Factor Total % of Variance Cumulative %
1 4,122 24.245 24.245
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A scree plot graph is an important tool for determining the number of factors (Seger, 2013). Figure
1 shows the Scree Plot graph of the quadrilaterals test. Figure 1 shows that the slope flattens after the
second factor. After this point, the contribution of the factors to the variance is considered low (Cokluk
et al., 2010). Therefore, the Scree Plot graph shows a single factor.

Scree Plot

Eigenvalue

T T T T T T T T T T T T
1 2 3 4 5 & 7 8 9 10 11 12 13 14 15 16 17

Factor Number

Figure 1. Scree Plot for the Quadrilaterals Test

The factor loadings and coefficients of the questions are given in Table 5. Following the test's
factor analysis, the researcher examined each factor's questions. The examination revealed that the
questions in Factor 1 were associated with the properties of quadrilaterals. The extraction method was
principal axis factoring. We extracted one factor through three iterations.

Table 5. Factor Loadings for the Quadrilaterals Test

Item Factor 1
item17 .586
item5 561
item8 .555
item14 532
item24 525
item25 524
item10 524
item22 520
item4 .499
item16 .498
item6 469
item11 461
item15 454
item2 .450
item23 412
item19 .386
item3 .348

Confirmatory Factor Analysis (CFA)

The CFA for the quadrilateral test developed in this study was conducted with the AMOS program.
The CFA yielded a Chi-square with (201.860) degrees of freedom (119), and Hu & Bentler (1999)
predicted a result below five. We took this ratio from the selected sample group, and according to
Joreskog & Sorbom (1993), a value below three indicates a perfect fit. The current study determined
this result as 1.696, and Table 6 provides evidence of perfect fit in the data. The RMSEA value between
0.00-0.05 used in CFA is considered an acceptable fit, 0.08-0.10 is considered a moderate fit, and values
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greater than 0.10 are considered unacceptable (Schermelleh Engel et al., 2003). The RMSEA value of
0.048 obtained from this test indicates that the fit of this test is perfect. The CFA analysis confirmed the
one-factor structure determined by EFA. The model is in Figure 2.

Table 6. Confirmatory Factor Analysis Goodness of Fit Index Table

Fit Measure Perfect Fit Acceptable Fit Observed Value Fit Status
¥?l sd 0<y?/sd<2 2<y?/sd<3 1.696 Perfect
p value 0,05<p<1,00 0,01 <p<0,05 0,00 Perfect
RMSEA 0 <RMSEA <0,05 0,05 < RMSEA < 0,08 0.048 Perfect

CFI 0,95 <CFI<1,00 0,90 <CFI1<0,95 0.911 Acceptable

GFI 0,95 <GFI < 1,00 0,90 <GFI<0,95 0.925 Acceptable
AGFI 0,90 < AGFI < 1,00 0,85 < AGFI 0,90 0,903 Perfect

>MIN=201,860; DF=119; CMIN/DF=1,696; RMSEA=,048; CFI=,911; GFI=,92!

2 PR

soru3 soru4 sorué soru8 ° For‘” 1

porui4

e ﬁm N a5 \ .50 \47 |55 52/ a6 / s3

,56

41 \52\%?

21
25 4 15 27 A7 27 27
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Figure 2. Path Diagram

Reliability Study for Achievement Test

The scale must be reliable for use (Pallant, 2016). Reliability is the consistency and stability of
measurement results free from random errors (Cepni et al., 2012). For reliability, we use KR-20, KR-
21, and Cronbach's alpha calculations. In general, Cronbach's alpha and KR-20 are preferred in tests
where a zero value is used for a wrong answer and one value is used for the correct answer. In this study,
we calculated the --20 value to evaluate the reliability of the students' quadrilateral tests.

We calculated the Kuder-Richardson-20 (KR-20) value to determine the internal consistency
coefficient of the quadrilaterals test. The KR-20 value of 25 questions in the pilot quadrilateral test was
calculated as 0.915. After removing eight items with a low item discrimination index, the KR-20 value
of the remaining 17 items was calculated as 0.928. When the KR-20 value is 0.80 or above, the
measurements obtained in the test are reliable (Secolsky & Denison, 2018). The item analysis and KR-
20 analysis show that the quadrilateral test has very good discrimination, high reliability, and medium
difficulty. Table 7 presents item-total statistics.
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Table 7. Item-total Statistics

Scale Mean if Item  Scale Variance if =~ Corrected Item-Total Cronbach's Alpha if Item

Item Deleted Item Deleted Correlation Deleted
item 2 8.01 29.453 .556 925
item 3 8.35 30.066 443 .928
item 4 8.23 29.022 .613 .924
item 5 8.19 28.475 717 921
item 6 8.25 28.886 .646 923
item 10 8.26 28.926 .639 .923
item 11 8.25 28.985 .626 924
item 14 8.01 29.012 .649 923
item 15 8.08 29.180 .587 925
item 16 8.15 28.889 .634 923
item 17 8.12 28.295 .755 .920
item 19 8.05 29.501 533 .926
item 22 8.18 28.744 .663 923
item 23 8.06 29.288 571 925
item 24 8.17 28.587 .694 .922
item 25 8.14 28.863 .640 923
item 8 8.17 28.343 743 921

Discussion, Conclusion and Recommendations

The study aims to prepare a valid and reliable quadrilaterals test. We conducted the necessary
validity and reliability studies for the quadrilaterals test. First of all, the purpose of the study was
determined. Next, we determined the content validity objectives and the items that align with these
objectives. Experts in mathematics education continuously provided feedback to finalize the test before
its administration. During this process, we tried to prepare the objectives, related items, and
specification table appropriately. The test development processes in this study are parallel to the studies
in the literature (Kili¢ & Saglam, 2009).

When the difficulty and discrimination indexes of the items were calculated, the difficulty indexes
and discrimination indexes of questions 1, 7, 9, 12, 13, 18, 20, and 21 were found to be low. At the same
time, the removal of these items increased the reliability of the test. We decided to remove these items
from the test. Hazir Bikmaz (2002) stated that some questions in the self-efficacy scale he developed
had low discrimination and that the reliability coefficient increased when they were removed from the
test. This result is similar to our study.

We performed EFA and CFA in this study to ensure construct validity. As a result of the
exploratory factor analysis, it was decided that the test had one factor. A confirmatory factor analysis
(CFA) was performed. The fit indices confirmed a good model. We conducted a reliability study for the
quadrilateral test. In this context, the KR-20 reliability coefficient was found to be 0.928. In addition,
the fact that the effect of each question on the reliability coefficient is greater than 0.60 means that the
scores obtained from the test are reliable (Can, 2014). Considering all these evaluations, we developed
a valid and reliable quadrilaterals test for the 7th-grade quadrilaterals subject.

This study aimed to create a valid and reliable quadrilaterals test. We determined a total of 17
items for the quadrilaterals test and proceeded with their application and analysis. We can conduct the
study with a greater number of items to assess achievement. This approach will increase the likelihood
of meeting the determined objectives. Orman and Sevgi (2025) administered the quadrilaterals test to
determine the achievement of 7th-grade students' geometry achievement.

Experts assisted in determining the objectives. However, conducting interviews with students
during the item determination process is also an option. We conducted the study with a total of 300 7th-
grade students. This allows for an increase in the student population. We can provide open-ended
questions to reveal students' advanced understanding of the objectives of the study. For future studies,
this test with high discrimination can be accepted as a criterion test, and items can be prepared for
similar objectives.
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Appendix
Quadrilaterals Test

1} Four friends with 3§ cm long ropes creats the following
shapes on the table by nsing the ropes in their hands without
cutting thern.

Alp: Bquare shaped

Banu: Fectzneular with 2 short side of 6 an

Ceny; Bactangnlar with a short side of 1 cm

Laurel: Rhombus shaped with & heizht of 6 cm

Arcording to this, which one makes the shape on the table?

What is the largest area covered?

A) Alpine B) Bagu C) Conp 1) Laurel

2

n the rhombus ABCD in the figure

If STADC, =80 how many degrees is s[ACE)?

ANED B170 a0 D30

3) In which of the following quadrilaterals are the
diagonals zlways equal in length?

A) Parallelogram and rectangle B) Eectangle and trapezoid
) Bquare and rectangle D) Square and parallslogram

Al | and

&) Which of the following quadrilaterals has equal
diagonal lengths and angle bisectors?

A) Square BE) Trapezoid
) Rectangle D) Parallelogram

a)

I A parzllelogram is a special case of a trapezoid.
II. Square is a special case of rectangle.

III. Bectangle 1= a special case of parallelogram.
IV, A rhombus is a special case of a parallelogram.

How many of the above informztion are incorrect?

AOBNICIDN3

-l

In the above SQUARE square, the PRE angle is 32°

Wihat & tho moasune of angle PTA in degieas?

A) 64 8) 77 €) 103 D) 116
8)
— —
S~
B TS
_

n the rectangle ABCD above, diagonals [AC] and [BD] intersect

at point E and |AE| = |BC|

accordingly, what is the measure of angle EDC in degrees?

A)22.5 B) 30 C) 36 D} 45

9) Which of the following quadrilaterals has only
one pair of opposite sides parallel?

A) Bectangle B) Parallelogram
C) Trapezoid D) Square
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10)

A ustain wil b placed ot dath coreer of a iembie gandes i shesn in
Tha Miguie. The dutance Slmain the lounlars sboames Band D s
Bm, ¥ the sres of the gasden ls 48 m", how mary metars is the
dilance batwaan fousiane & and CT

A) 10 B) 12 c)y14 D) 16

11

A

In the figure, ABCD i a rapescid and ABDEi= a
parallélofram

| OE| = IBC] and S(ADE) = 50°

How marny degrees is s(ABC)?
A 100 B) 130 C) 145 D) 160

14)

In the figure ABCD is a rhambus

Point F is on [BC), [EF] 1 [BC] and |DC| =

25 cm, | EF | = 12 cm.

Accordingly, how many square centimeters is A[ABCD)?

A) 150 B) 300 C) 450 O} 600

15) The =1de lengths of a rectangle with zn area of 80
square centimeters are natural numbers in
centimeters. According to this, what i the maxinm
perimeter length of this rectangle in centimeters?

A) 162 B) 160 C) 80 I 400

12) Which of the following properties is not a
property of a rhombus?

A) The diagonals are angle bisectors.

B} The diagcnals bisect ezch other.

C) The dizgonals intersect at right angles.

D) The diagenzl lengths are equal.

13
o Bom

A &m
In the right trapezium ABCD in the figure, if |48 = 12
cm, IDC| = 8 cm and AABCD) = 100 cm®, how many
cenlimeters s BC?

A) 12 B) 10
c)8 D)6

16)

16 oy

The glan of & rectasgdar park & ghan stcsa. The dagonsl engeh of the
rhombue-shapad pool are W) m and 16 m. Tha arsas cutsida tho

trapemid-shaped playgrousd and the poal s the perk sre gy

Accordingly, what is the srea of tha grassy ares in the park?

A) 560 B) 640 <) 700 D) 780
17
o [
50
E L}
100
rd
[N a

In the figure, ABCDis a paralhlwﬁm. miABC)
100  and m(DEC) = 50°, how many ése-gre-e*.- is m{DCE)?

A)30 B)40 C) 30 D &0

Anmswer Key: 1-A 2-B 3-C 4-A 5-A §-A 7-C 8-B 9-C 10-B 11-A 12-D 13-E 14-D 15-A 16-D 17-A



