
 

DEVELOPING AN ACHIEVEMENT TEST FOR 
FRACTION TEACHING: VALIDITY AND 
RELIABILITY ANALYSIS  

Belgin Bal-Incebacak1,*, Esen ERSOY2  

1Education  Faculty, Primary  School Department, 55139  Samsun, Turkey 
1Education  Faculty, Mathematics Department, 55139 Samsun, Turkey 

Abstract.  The aim of the study is to develop an achievement test that can 
be used to measure the achievement status of elementary school 4th grader 
students in terms of their fractions learning in  mathematics courses. 
Examining the literature, it is visible that there are 8 development stages of 
the achievement test.. ITEMAN 3.5 package software was employed to 
analyze the validity and reliability of the test. Statistical analysis of the test 
reveals that KR-20 Internal Consistency and KR-21 Internal Consistency 
are 0.90. This value indicates that the consistency of the test is high. The 
average discrimination of the test is 0.80, which indicates that the test is 
highly distinctive among students. The average strength of the test has 
been calculated as 0.67. Therefore, it has been determined that the test 
should be both easy and distinctive when it comes to measuring the 
effectiveness of the teaching method. The result of the analysis suggest that 
when consistency and distinctiveness values are considered, the developed 
test is not only easy to use but also highly distinctive. Finally, it has been 
discovered that the academic achievement test for fraction teaching is valid 
and reliable. 

1. Introduction 

 Education institutions are institutions that aim to provide students with goals and 
behaviors that the state considers appropriate. The purpose of education is to give an 
individual terminal behavior in schools, which is a well-known definition [25]. For this 
reason, teachers are trying to provide students to obtain information by planning learning 
experiences and activities. Teachers need to perform assessments to determine the level of 
knowledge they bring. Assessment is the most important step in the curriculum [12]. 
Questions such as "How much students could achieve the objectives?" and "How much 
knowledge, skills and attitudes are brought to students?" are most important questions of 
the assessment [24]. To perform these assessments, many methods are referred to. 
Measurement tools such as written examinations, open-ended questions, multiple choice 
tests, oral examinations, scale types, observation and interviewing are used by researchers 
and teachers to meet the mentioned demand [57] Achievement is an indication of how 
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much the participants benefit from a course or academic program. As for school success, it 
can be regarded as the average grade or score of the student from the academic courses in 
the school [46]. Common measurement tools used in contemporary education systems are 
multiple choice (standard achievement tests) tests [60]. By using assessment and evaluation 
methods, achievement is tried to be measured as reliable and valid as possible. The most 
common tool used for this measurement is multiple-choice tests from achievement tests. 
While developing an achievement test, there are various stages for a valid and reliable 
achievement test. The achievement test measures the competence of an individual including 
knowledge and skills in a field or subject [27]. By another definition, tools developed to 
measure how much an individual learns in an educational, instructional and learning 
environment are called achievement tests [57] With these tests, it is tried to determine the 
level of knowledge of students about a teaching subject. 
 When we think about mathematics teaching, it can be said that fractions are one of the 
most challenging topics. [4] stated that the teaching of mathematics is very important 
because of this difficulty of fractions. When [50] and [62] studies are examined, it is stated 
that students have low level of comprehension of fractions and mostly lacking knowledge. 
Fraction teaching is an important issue for mathematics. Among the reasons for being 
important is that it is related to many subjects in mathematics courses. It is involved in 
many math related subjects such as measurement, data, ratio and proportion, natural 
numbers, etc. Fractions are handled as part-whole, measurement, division, processing and 
ratio. Fractions are given the most part in part-whole relation and there is not much 
emphasis on its other concepts. 
 Many studies conducted show that students are unsuccessful in the subject of fractions. 
[13,53] stated that the students are lacking in operations with fractions. [32,43,51] stated 
that students have misconceptions regarding the fractions. [31] stated that there are 
problems with dividing fragments into equal parts and writing the defined fractions, [3] 
stated that there are problems in understanding basic concepts in every topic of fractions, 
and [8] stated that there are problems regarding problem solving about fractions.  Even if 
concrete materials were used, they failed in fraction teaching. In short, it has been pointed 
out by many researchers that students have been unsuccessful in teaching the concept of 
fractions and many concepts related to fractions, and these subjects have been among the 
most difficult mathematics subjects to learn [23,33,38,40,49,52,54,58,61].  Şiap and Duru 
[56] indicate that the reason for this difficulty in fractions arises from the fact that students 
see the dividend and denominator of the fractions as two separate numbers. The difficulties 
in the concept of fractions are difficult for students because each process is unique and 
abstract. Fractions teaching is also very important to assess because it is intertwined with 
many subjects that make up a great part of mathematics. Correct assessment and evaluation 
is the most important step in the teaching process, since it will determine whether the 
desired subject is understood.  
 The aim of the assessment and evaluation in schools is to determine the achievement 
status of the students, how successful they are if successful, how unsuccessful they are if 
unsuccessful, which students have leveled up to next step or which students need to repeat 
the program [37] It is important for the procedures to be done in a reliable manner because 
they have an important place in the lives of the students. The data to be collected for this 
measurement work need an error-free, adequate, valid and reliable measuring tool. Since 
there are many difficulties about fractions, it is thought that an accurate measurement tool 
will be needed. For this reason, in the elementary school 4th grade Mathematics course, it 
was needed to develop an achievement test on fractions, and with this study, it is tried to 
shed light on new researches and researchers. 
 
 

2

ITM Web of Conferences 13, 01003 (2017)	 DOI: 10.1051/itmconf/20171301003

CMES2017



much the participants benefit from a course or academic program. As for school success, it 
can be regarded as the average grade or score of the student from the academic courses in 
the school [46]. Common measurement tools used in contemporary education systems are 
multiple choice (standard achievement tests) tests [60]. By using assessment and evaluation 
methods, achievement is tried to be measured as reliable and valid as possible. The most 
common tool used for this measurement is multiple-choice tests from achievement tests. 
While developing an achievement test, there are various stages for a valid and reliable 
achievement test. The achievement test measures the competence of an individual including 
knowledge and skills in a field or subject [27]. By another definition, tools developed to 
measure how much an individual learns in an educational, instructional and learning 
environment are called achievement tests [57] With these tests, it is tried to determine the 
level of knowledge of students about a teaching subject. 
 When we think about mathematics teaching, it can be said that fractions are one of the 
most challenging topics. [4] stated that the teaching of mathematics is very important 
because of this difficulty of fractions. When [50] and [62] studies are examined, it is stated 
that students have low level of comprehension of fractions and mostly lacking knowledge. 
Fraction teaching is an important issue for mathematics. Among the reasons for being 
important is that it is related to many subjects in mathematics courses. It is involved in 
many math related subjects such as measurement, data, ratio and proportion, natural 
numbers, etc. Fractions are handled as part-whole, measurement, division, processing and 
ratio. Fractions are given the most part in part-whole relation and there is not much 
emphasis on its other concepts. 
 Many studies conducted show that students are unsuccessful in the subject of fractions. 
[13,53] stated that the students are lacking in operations with fractions. [32,43,51] stated 
that students have misconceptions regarding the fractions. [31] stated that there are 
problems with dividing fragments into equal parts and writing the defined fractions, [3] 
stated that there are problems in understanding basic concepts in every topic of fractions, 
and [8] stated that there are problems regarding problem solving about fractions.  Even if 
concrete materials were used, they failed in fraction teaching. In short, it has been pointed 
out by many researchers that students have been unsuccessful in teaching the concept of 
fractions and many concepts related to fractions, and these subjects have been among the 
most difficult mathematics subjects to learn [23,33,38,40,49,52,54,58,61].  Şiap and Duru 
[56] indicate that the reason for this difficulty in fractions arises from the fact that students 
see the dividend and denominator of the fractions as two separate numbers. The difficulties 
in the concept of fractions are difficult for students because each process is unique and 
abstract. Fractions teaching is also very important to assess because it is intertwined with 
many subjects that make up a great part of mathematics. Correct assessment and evaluation 
is the most important step in the teaching process, since it will determine whether the 
desired subject is understood.  
 The aim of the assessment and evaluation in schools is to determine the achievement 
status of the students, how successful they are if successful, how unsuccessful they are if 
unsuccessful, which students have leveled up to next step or which students need to repeat 
the program [37] It is important for the procedures to be done in a reliable manner because 
they have an important place in the lives of the students. The data to be collected for this 
measurement work need an error-free, adequate, valid and reliable measuring tool. Since 
there are many difficulties about fractions, it is thought that an accurate measurement tool 
will be needed. For this reason, in the elementary school 4th grade Mathematics course, it 
was needed to develop an achievement test on fractions, and with this study, it is tried to 
shed light on new researches and researchers. 
 
 

2. Method 
 The research was conducted by survey method. Survey research are studies to 
determine specific characteristics of a group [17]. According to Karasar [35] survey models 
are an approach aimed at describing the present situation in its both present and past form. 
2.1. Study Group 
 In the selection of the participants in the study, purposeful sampling was used which 
allowed the researcher to select the people to answer the research questions [21]. The 
sample of the study consisted of 431 students who are studying in Samsun city center in 
2015-2016.  
 Although the test developed in the research is directed to the fourth grade fractions 
unit, the inclusion of the fifth grade students in the sample of the research is to consider that 
the students in the 4th grade should not have studied this unit and that they will tend to 
leave the questions unattended when the test is implemented. In this research, the sample 
was formed of primary school 5th grade students for the purpose of minimizing this 
problem and ensuring all questions are answered. 
 The distribution of the sample by schools and gender is shown in Table 1. 

Table 1: The distribution of the sample by schools and gender 

School Type Class Gender and Numbers of Students 
Famale Male Total Total 

Normal State School (Secondary 
School) 

A 11 12 23 

170 

B 12 12 24 
C 10 10 20 
D 15 15 30 
E 17 21 38 
F 20 15 35 

YIBO (Boarding Elementary School 
Regional Middle School) 

A 12 13 25 

125 B 14 16 30 
C 20 20 40 
D 16 14 30 

Imam-Hatip Secondary School 

A 20 20 40 

136 B 22 24 46 
C 9 10 19 
D 16 15 31 

Total  214 217 431 431 
 
 When the table was examined, a total of 431 students were studied. Of these students, 
214 are female and 217 are male. According to the school types, studies were carried out 
with 3 different schools: normal public school, regional boarding middle-school and 
vocational religious middle school. Our study group consists of 170 students from normal 
public school, 125 from regional boarding middle school and 136 from vocational religious 
middle school. 
2.2. Data Analysis 
 All the steps of the Achievement Test for Fraction Teaching, which is planned to be 
developed in the scope of the study, are described in detail below. The achievement test 
was developed by following the process steps specified by [6]. 
 
 2.2.1. The Area to be used for Test Scores 
 The purpose of the test to be applied in the test development process should be clearly 
stated. Every work to be done after the determination of the purpose is to realize this 
purpose in effective and efficient manner [44] For this purpose, we aim to develop the 
achievement test to determine the knowledge of students on the subject of fractions and to 
determine whether all achievements have been achieved at the end of the training. 
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 2.2.2.  Determining the behaviors representing the area or the statement 
 At this stage of the test development, learning areas, sub-learning areas and 
achievements related to these learning areas are determined within the scope of the test. In 
this research, the achievements of learning and sub-learning areas taken from the 
Curriculum of Elementary School Mathematics Lesson (1, 2, 3 and 4th Grades) dated 
30/06/2005 and No. 2575 (2015) and presented in Table 2 were included within the scope 
of achievement test. This table of specifications was arranged in accordance with the 
"Cognitive Domain Taxonomy" prepared by Bloom et al [14] 

Table 2. Table of specifications 
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Fractions 

M4.1.27. Recognizes simple, compound, and 
integer fractions and presents with models. 

12 

x x x 8 

M4.1.28. Compares and orders unit fractions.  x x 5 
M4.1.29. Determines a specified simple 
fraction of a quantity. 

 x  1 

M4.1.30. Compares up to three fractions with 
same or multiple denominators. 

 x x 3 

Operations 
with 

Fractions 

M4.1.31. Performs addition and subtraction 
operations with equal denominator fractions. 5 

 

  x 4 

M4.1.32. Solves problems requiring addition 
and subtraction operations with fractions. 

x x x 5 

Decimal 
Notation 

M4.1.33. Specifies when a whole is divided 
into 10 and 100 equal parts that the resulting 
units of fraction can be expressed in decimal 
notation. 

12 

x x  3 

M4.1.34. Writes a fraction with a 
denominator of 10 and 100 by using decimal 
notation. 

x x x 5 

M4.1.35. It specifies the whole part, fraction 
part and step names of the decimal notation. 

 x x 3 

M4.1.36. Compares two numbers which the 
decimal notations are given and presents the 
relation between them by larger, smaller or 
equal symbol. 

 x x 6 

 Total 29    43 
 The programs showed way to Bloom's Cognitive Domain Taxonomy, which was 
developed in 1956, when they were being developed [16, 28 ]. The six-stage original bloom 
taxonomy consists of categories of knowledge, comprehension, application, analysis, 
synthesis and evaluation, from simple to complex, in accordance with the cognitive domain 
[14, 15]. According to the table of specifications, Numbers were discussed in 10 
achievements according to old and 13 achievements according to new program, consisting 
of 3 sub-learning fields as fractions, operations in fractions and decimal notation (Names 
fractions, of which the dividend and denominator are maximum two digit natural numbers, 
obtaining from the units of the fraction. Shows the fractions, of which the dividend and 
denominator are maximum two-digit number on the numerical axis. Compares fractions. 
Orders a maximum of four fractions with equal denominator, from largest to smallest or 
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[14, 15]. According to the table of specifications, Numbers were discussed in 10 
achievements according to old and 13 achievements according to new program, consisting 
of 3 sub-learning fields as fractions, operations in fractions and decimal notation (Names 
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obtaining from the units of the fraction. Shows the fractions, of which the dividend and 
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smallest to largest. Orders a maximum of four fractions with equal dividends and different 
denominators, from largest to smallest or smallest to largest. Determines a specified simple 
fraction of a quantity. Specifies when a whole is divided into 10 and 100 equal parts that 
the resulting units of fraction are fractions. Writes decimal fractions using commas. It 
specifies the whole part, fraction part and step names of the decimal fractions. Compares 
two decimal fractions and shows the relation between them with a bigger, smaller and equal 
symbol. Performs addition operation with equal denominator fractions. Performs 
subtraction operations with equal denominator fractions. Solves and poses problems 
requiring addition and subtraction operations with fractions.) A total of 43 questions were 
written in accordance with these achievements. 
2.2.3.  Writing Test İtems 
 At this stage, as the achievement test was developed for the 4th grades in primary 
school, questions suitable for the dimensions of remembering, understanding and 
application. Analysis, synthesis and evaluation are considered as metacognitive levels while 
knowledge, understanding, and practice are considered sub-levels[5]. When these questions 
are being created, care has been taken to ensure that they are appropriate for achievement 
and grade level. Attention has been paid to the rules of item writing and the types of items 
while the questions are being created. If the appropriate item type is not selected, the item 
will have low validity, since the behavior to be measured with the item cannot be measured 
sufficiently or not at all [6]. When writing the test items, attention was paid to the average 
difficulty of the test and the difficulty distribution of the test items. The positions of the 
questions have been changed in accordance with expert opinions by the difficulty and 
easiness and by achievement. 
2.2.4.  Reviewing The Test İtems 
 The test items created need to be developed and reviewed in accordance with certain 
criteria. It is emphasized in the literature that it should be reviewed in terms of compliance 
with the following qualifications:  

• For validity, determining whether the behavior to be measured is worth measuring, 
• Determination of the accuracy in terms of science,  
• Determination of whether it is comprehensible in terms of language and there are 
grammar and spelling errors,  
• Determination of whether there are technical defects,  
• Determination of whether it is suitable for development characteristics of students 
[11,39,59 ] should be done. 

Table 3. Expert opinion table 
Question No: 1 

Evaluation Criteria Yes No Suggestion 
(if any) 

Question text clear, understandable    
Question is appropriate for 4. grade    

Distractors are well prepared    
Question is appropriate for achievement    

Which cognitive process dimension should 
the question be placed according to Bloom's 

taxonomy. 

Recall 
(Knowledge) 

Understanding 
(Comprehension) 

Application 

   

  Compliance with the criteria was determined by the questions in Table 3 prepared. 
This table was prepared for each question and opinions were taken from the experts in 
Table 4. Achievement test, consisting of 43 test items, were presented to a total of 17 
experts, 12 academicians, 3 elementary mathematics teachers and 2 class teachers, in order 
to determine the compliance to the above mentioned qualifications. 
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 Achievement test, consisting of 43 test items, were presented to a total of 17 experts, 
12 academicians, 3 elementary mathematics teachers and 2 class teachers, in order to 
determine the compliance to the above mentioned qualifications.  

Table 4. Expert opinion table 
Kod Sex University/Shocol Degree Education 
1 Male Sinop University Associate Professor Mathematics Education 
2 Male Ondokuz Mayıs University Associate Professor Science Education 
3 Male İstanbul University PhD, Assistant Professor Mathematics Education 
4 Female Dokuz Eylül University PhD, Assistant Professor Mathematics Education 
5 Female İstanbul University  PhD, Assistant Professor Mathematics Education 
6 Female Ondokuz Mayıs University PhD, Assistant Professor Mathematics Education 
7 Female Ondokuz Mayıs University PhD, Assistant Professor Mathematics Education 
8 Female Ondokuz Mayıs University PhD, Assistant Professor Mathematics Education 
9 Female İstanbul University  Research Assistant PhD Mathematics Education 
10 Female Ondokuz Mayıs University Research Assistant PhD Science Education 
11 Male Mersin University Research Assistant PhD Assesment and evaluation 
12 Female Ondokuz Mayıs University Research Assistant Mathematics Education 
13 Male Ministry of Education Master Degree Teacher Primary School 
14 Female Ministry of Education Teacher Primary School 
15 Female Ministry of Education Master Degree Teacher Mathematics Education 
16 Male Ministry of Education Master Degree Teacher Mathematics Education 
17 Male Ministry of Education Master Degree Teacher Mathematics Education 

 It has been examined in terms of scope validity with the expert group formed by 
teachers and academic members. Such procedures increase the validity and reliability of the 
test [1,47]. 
2.2. 5.Preparing The Test Form 
 After the expert opinions are obtained, necessary arrangements are made and questions 
should be sorted in a certain order. Below are the steps to be considered when preparing the 
test form. These steps consist of three stages; 

1. Distribution of the items in the test form 
2. Writing of test instructions 
3. Writing of items [6] 

 According to the opinions taken from the experts, the test was shaped by correcting the 
errors. Formally unsuitable questions, unreadable, incomplete and hard-to-comprehend 
questions are corrected. In addition, while the questions were being edited, [6] emphasized 
that the items should be grouped according to the subjects and the questions should be 
ordered from the easy to difficult, without disturbing the objective unity. Font size in the 
literature for the fourth grade students was determined as 12. According to this information 
the question texts are adjusted to be size 12 fonts. After these adjustments are made, 
information such as "Switch to the next page" or "Switch to the other page" should be 
placed. At the end of the test, there should be information such as "Test is over" and "Check 
your answers" should be placed [6]. 

 
2.2. 6.Putting The Test on A Trial Implementation 
 Before the moving on to application, it is necessary to determine the duration for the 
test. In this context, a random class was selected from a school with a low level of socio-
economic level at the 5th grade level and a pilot application of the test was conducted on a 
total of 31 students without a time limit. As a result of the pilot application, it was 
determined that the best student in the class finished in 35 minutes, and a student who was 
lower in level finished within 50 minutes. Students at the average level finished in 45 
minutes. In this context, the duration of the test was determined as 45 minutes.  
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2.2. 6.Putting The Test on A Trial Implementation 
 Before the moving on to application, it is necessary to determine the duration for the 
test. In this context, a random class was selected from a school with a low level of socio-
economic level at the 5th grade level and a pilot application of the test was conducted on a 
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determined that the best student in the class finished in 35 minutes, and a student who was 
lower in level finished within 50 minutes. Students at the average level finished in 45 
minutes. In this context, the duration of the test was determined as 45 minutes.  

 The final form was given to the test, the application duration was determined as 45 
minutes and trial application was performed. Accordingly, the test was applied to the 5th 
grade students so that the final test can be formed. As the number of students in the test 
group increased, the closeness of statistics obtained would get nearer to the actual statistics, 
so the test was applied to 400 students.  
2.2.7. Selecting Materials by Analyzing Them According to The Trial Implementation 
  After the test application, item analysis was carried out so that the desired test can be 
formed, and suitable items for the final test were selected. IBM-SPSS, FINESSE, ITEM 
and hand calculations can be done to analyze the validity and reliability of a test. It is 
preferred to use ITEMAN 3.5 package program in order to obtain the most accurate and 
correct analyzes. The reason for preferring this program is to give an idea about the 
statistics of each question as well as their options.  The distinctiveness and difficulty indices 
of the items are examined in the item selection [39] and also the distractor characteristics of 
the questions to be selected are reviewed. The ITEMAN program calculates p (item 
difficulty) and r (distinctiveness power) values for each question. Table 5 shows the item 
difficulty and distinctiveness index of each item in the item analysis for the developed 
achievement test. 

Table 5. Item difficulty and distinctiveness index of each item in the item analysis 
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Ij pj rjx rj sj2 sj rjy 

1 27 0,87 0,74 0,25 0,11 0,34 0,67 Easier * Good item 

2 30 0,97 0,80 0,14 0,03 0,18 0,57 Easier * Good item 

3 20 0,65 0,61 0,29 0,23 0,48 0,59 Easier * Good item 

4 25 0,81 0,55 0,22 0,16 0,40 0,51 Easier * Good item 

5 30 0,97 0,62 0,11 0,03 0,18 0,45 Easier * Good item 

6 12 0,39 0,54 0,26 0,24 0,49 0,53 Difficult *** Good item 

7 27 0,87 0,74 0,25 0,11 0,34 0,67 Easier * Good item 

8 19 0,61 0,66 0,32 0,24 0,49 0,65 Easier * Good item 

9 19 0,61 0,59 0,29 0,24 0,49 0,57 Easier * Good item 

10 20 0,65 0,62 0,30 0,23 0,48 0,60 Easier * Good item 

11 13 0,42 0,70 0,34 0,24 0,49 0,69 Medium difficulty ** Good item 

12 16 0,52 0,29 0,15 0,25 0,50 0,29 Medium difficulty ** Analyze-correct 

13 14 0,45 0,39 0,19 0,25 0,50 0,38 Medium difficulty ** Not distinctive 

14 22 0,71 0,75 0,34 0,21 0,45 0,72 Easier * Good item 

15 5 0,16 -0,35 -0,13 0,14 0,37 -0,35 Difficult *** Not distinctive 

16 13 0,42 0,60 0,30 0,24 0,49 0,59 Medium difficulty ** Good item 

17 5 0,16 -0,32 -0,12 0,14 0,37 -0,32 Difficult *** Not distinctive 

18 3 0,10 0,14 0,04 0,09 0,30 0,14 Difficult *** Not distinctive 
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19 17 0,55 0,72 0,36 0,25 0,50 0,71 Medium difficulty ** Good item 

20 6 0,19 -0,04 -0,02 0,16 0,40 -0,04 Difficult *** Not distinctive 

21 9 0,29 0,02 0,01 0,21 0,45 0,02 Difficult *** Not distinctive 

22 7 0,23 -0,40 -0,17 0,17 0,42 -0,40 Difficult *** Not distinctive 

23 4 0,13 -0,09 -0,03 0,11 0,34 -0,09 Difficult *** Not distinctive 

24 3 0,10 0,20 0,06 0,09 0,30 0,20 Difficult *** Analyze-correct 

25 5 0,16 0,35 0,13 0,14 0,37 0,35 Difficult *** Distinctive 

26 17 0,55 0,31 0,16 0,25 0,50 0,31 Medium difficulty ** Distinctive 

27 22 0,71 0,44 0,20 0,21 0,45 0,42 Easier * Good item 

28 17 0,55 0,76 0,38 0,25 0,50 0,75 Medium difficulty ** Good item 

29 18 0,58 0,46 0,23 0,24 0,49 0,45 Medium difficulty ** Good item 

30 16 0,52 0,74 0,37 0,25 0,50 0,73 Medium difficulty ** Good item 

31 17 0,55 0,76 0,38 0,25 0,50 0,75 Medium difficulty ** Good item 

32 17 0,55 0,31 0,16 0,25 0,50 0,31 Medium difficulty ** Distinctive 

33 22 0,71 0,44 0,20 0,21 0,45 0,42 Easier * Good item 

34 17 0,55 0,76 0,38 0,25 0,50 0,75 Medium difficulty ** Good item 

35 18 0,58 0,46 0,23 0,24 0,49 0,45 Medium difficulty ** Good item 

36 16 0,52 0,74 0,37 0,25 0,50 0,73 Medium difficulty ** Good item 

37 17 0,55 0,76 0,38 0,25 0,50 0,75 Medium difficulty ** Good item 

38 17 0,55 0,31 0,16 0,25 0,50 0,31 Medium difficulty ** Distinctive 

39 22 0,71 0,44 0,20 0,21 0,45 0,42 Easier * Good item 

40 17 0,55 0,76 0,38 0,25 0,50 0,75 Medium difficulty ** Good item 

41 18 0,58 0,46 0,23 0,24 0,49 0,45 Medium difficulty ** Good item 

42 17 0,55 0,31 0,16 0,25 0,50 0,31 Medium difficulty ** Distinctive 

43 22 0,71 0,44 0,20 0,21 0,45 0,42 Easier * Good item 

 The distinctiveness index value can be found through the internal consistency 
Cronbach Alpha item-total table calculated by SPSS software. The item difficulty index 
takes values between 0 and 1. The difficulty index approaching to 0 indicates that the item 
is getting difficult, approaching to 1 indicates that the item is getting easier, being 0.50 
indicates that the item has medium difficulty [18,19,21,45]. Item distinctiveness index is an 
important decision criterion when items are included in the test. It allows to distinguish 
between the informed and the uninformed student. The item difficulty index takes values 
between -1 and +1 [48]. It can be said that the item difficulty is related to the reliability, one 
of the qualifications required in measurement tool"  [10,57]. The fact that the difficulty of 
any item in an achievement test is moderate, is a sign that that item is a good item. 
  The criteria to be used by Ebel (1995) in determining which of the test items should be 
tested is shown in Table 6 [57] 

Table 6. Item selection criteria based on item distinctiveness indices 
Item difficulty index (p) Item distinctiveness index (r)  

0.90 > - - Preferred if there is an effective 
teaching 

0.60-0.90 r>0.20 - A typical good item 
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 The distinctiveness index value can be found through the internal consistency 
Cronbach Alpha item-total table calculated by SPSS software. The item difficulty index 
takes values between 0 and 1. The difficulty index approaching to 0 indicates that the item 
is getting difficult, approaching to 1 indicates that the item is getting easier, being 0.50 
indicates that the item has medium difficulty [18,19,21,45]. Item distinctiveness index is an 
important decision criterion when items are included in the test. It allows to distinguish 
between the informed and the uninformed student. The item difficulty index takes values 
between -1 and +1 [48]. It can be said that the item difficulty is related to the reliability, one 
of the qualifications required in measurement tool"  [10,57]. The fact that the difficulty of 
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  The criteria to be used by Ebel (1995) in determining which of the test items should be 
tested is shown in Table 6 [57] 

Table 6. Item selection criteria based on item distinctiveness indices 
Item difficulty index (p) Item distinctiveness index (r)  

0.90 > - - Preferred if there is an effective 
teaching 

0.60-0.90 r>0.20 - A typical good item 

 The questions were evaluated according to the above criteria. In this respect, the 
distribution of 43 questions according to the item difficulty index and item distinctiveness 
index given in table 6 is shown in Table 7: 

Table 7. Item ranking according to item difficulty and distinctiveness index 
Item 

difficulty 
index (p) 

Item 
distinctiveness 

index (r) 
Comment 

0.90 > - -- 
0.60-0.90 r>0.20 1,2,3,4,5,7,8,9,10,14,27,33,39,43 
0.60-0.90 r<0.20 -- 

p<0.60 r>0.20 6,11,12,13,16,19,22,24,25,26,28,29,30,31,32,34,35,363,37,38,40,41,42 
p<0.60 r<0.20 15,17,18,20,21,23 

 When the Table 7 was examined, it was seen that the test was a test with questions of 
high standards. [44] points out that the range of difficulty indices of test items for 
achievement tests should generally range from 0.20 to 0.80. The test is in this range, but 
there are a lot of questions that are difficult and distinctive. Accordingly, the items need to 
be made easier. 
 In the item score analysis, item difficulty and distinctiveness were examined for 
analysis of optional items. After analyzing the results of the item analysis which was coded 
in the ITEMAN program of the test consisting of 43 items, it was determined that the item 
correlations of 15 items were low and removed from the test. ITEMAN program has 
provided us with the following information for each question. In light of this information, 
final test was created with 28 questions in total 

Table 8.  Item analysis results and evaluation for test item 
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Se
q.

 N
o.

 

Sc
al

e-
ite

m
 

Pr
op

. 
Ce

rre
ct

 

D
isc

. 
in

de
x 

Po
in

t 
Bi

se
r. 

A
lt.

 

Pr
op

. 
To

ta
l 

En
do

rs
in

g 
lo

w
 

En
do

rs
in

g 
H

ig
h 

Po
in

t 
Bi

se
r. 

K
ey

 

1 1-1 .81 .56 .80 A .03 .09 .00 -.28  

     B .04 .15 .00 -.32  

     C .03 .03 .03 -.06  

     D .81 .41 .97 .80 * 

p: item difficulty index (p) D: Item distinctiveness index (r) 
  
 Table 8 shows the results of the item analysis of the 1st test item conducted by 
ITEMAN program. It is a question that upper group was successful and some of the 
subgroup were successful. The question in the table, as a result of the analysis, is an easy 
answer (p = 0.81) with a good distinctiveness power (D = 0.56). Since 1st item is a typical 
good item, it can be included in the test as it is.  
2.2.8.  Prognosis of the selected items that generate the statistics of the final test 
 When the literature is examined, the test-retest reliability expressing consistency and 
continuity of the scores obtained from a test emphasizes that, it can be determined by the 

0.60-0.90 r<0.20 - An item needs to be worked on 

p<0.60 r>0.20 
- A difficult but distinctive item 

(This question is good if you have 
high standards) 

p<0.60 r<0.20 A difficult but not distinctive item 
(This item cannot be used) 
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relationship coefficients between the before and after measurements  [7,18,19,20,35,45]. 
The reliability coefficient is between 0 and 1.  As the correlation coefficient approaches 1, 
it can be said that the scores obtained from the applications are close to each other and 
closer to 0, respectively. The calculation of the coefficient values as 0.70 and over is 
interpreted as the measurement tool making stable measurement [9,10]  
 A test's reliability is found when a test is run twice on the same group at a certain time 
interval.  The time elapsed is a factor that affects the consistency of the test. For this reason, 
the time must not be too long or too short [20] Reported that ranges of 2-6 weeks are 
appropriate for this reliability. 
 The main test statistics such as average, standard deviation, distinctiveness and 
difficulty indices and reliability coefficient of the achievement test formed after the item 
analysis and selection of the items to be included in the test are given in Table 9: 

Table 9.  Final test statistics. 
not be indented; subsequent paragraphs should be indented by 5 mm. 

The use of sections to divide the text of the paper is optional and left as a decision for 
the author. Where the author wishes to divide the paper into sections the formatting shown 
in Table 2 should be used.  

NUMBER OF ITEMS IN THE TEST 28 
NUMBER OF ANSWERERS TAKING THE TEST 115 

TEST AVERAGE  20,06 
TEST VARIANCE 44,42 

STANDARD DEVIATION OF TEST 6,66 
HIGHEST SCORE 30,00 
LOWEST SCORE 2,00 

MEDIAN 21,00 
RANGE 28,00 

SKEWNESS -1,09 Skewed to Left 
KURTOSIS 1,26 Acute 

RELATIVE VARIABILITY COEFFICIENT 33,22 Kurtic and heterogeneous 
KR-20 INTERNAL CONSISTENCY 0,90 High 
KR-21 INTERNAL CONSISTENCY 0,90 High 

SPLIT HALF CONSISTENCY 0,80 High 
STND. ERROR OF AVERAGE 2,08 

AVERAGE DISTINCTIVENESS OF TEST 0.48 Very good 
AVERAGE DIFFICULTY OF TEST 0,67 Easy 

CRONBACH’S ALPHA VALUE  ,901  
When the statistical results of the test are looked at, it is seen that KR-20 Internal 

Consistency and KR-21 Internal Consistency are 0.90. This shows that the consistency of 
the test is high. The average distinctiveness of the test is seen as 0.80. This also suggests 
that the test is distinctive between students at a very good level. Average difficulty of the 
test is seen as 0,67. This states that when it is desired to measure the effectiveness of the 
effective teaching method of the test, it should be easy but highly distinctive. When the 
values of the test are examined, it is seen that the test is easy, highly distinctive. 

 
3. DISCUSSION AND CONCLUSIONS 
Many achievement tests have been developed in the literature to measure the 

achievement of students. In the literature, there are achievement tests especially for the 
science [2,22,29,30,55] and geography lessons [60]. It was seen that there are very few 
achievement tests accessed as articles. Not many achievement test articles concerning 
mathematics were accessed. It is thought that the developed achievement test is a valid and 
reliable achievement test for mathematics teaching in elemental school.   
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When the statistical results of the test are looked at, it is seen that KR-20 Internal 

Consistency and KR-21 Internal Consistency are 0.90. This shows that the consistency of 
the test is high. The average distinctiveness of the test is seen as 0.80. This also suggests 
that the test is distinctive between students at a very good level. Average difficulty of the 
test is seen as 0,67. This states that when it is desired to measure the effectiveness of the 
effective teaching method of the test, it should be easy but highly distinctive. When the 
values of the test are examined, it is seen that the test is easy, highly distinctive. 

 
3. DISCUSSION AND CONCLUSIONS 
Many achievement tests have been developed in the literature to measure the 

achievement of students. In the literature, there are achievement tests especially for the 
science [2,22,29,30,55] and geography lessons [60]. It was seen that there are very few 
achievement tests accessed as articles. Not many achievement test articles concerning 
mathematics were accessed. It is thought that the developed achievement test is a valid and 
reliable achievement test for mathematics teaching in elemental school.   

Achievement tests generally consist of multiple choice questions, and [36] noted that 
multiple-choice tests are often used to measure student achievement. [42] stated that many 
questions were asked at the same time and that tests were used as a means of measuring the 
whole of the desired courses in a short period of time. For this purpose, the achievement 
test is a reliable measurement tool for making comparisons between classes and students. 
Developing an achievement test is actually obtaining a valid and reliable test [41]. The 
developed achievement test is a measurement tool that measures all achievements with 
sufficient questions, useful for elementary schools with small age groups. Fonthal (2004) 
reported that schools with more consistent curricula in reading and mathematics areas were 
more successful in evaluating students.  In other words, he emphasized the importance of 
preparing a question to cover the subjects taught. [34] stated that developing a test that 
measures all achievements will be more effective in achievement measurement. For this 
purpose, questions including all the achievements have been prepared.  

In short, 431 students who are studying in Samsun city center in 2015-2016 were 
worked with in the study.  Questions including all the achievements given in the table of 
specifications have been prepared in accordance with the purpose. Expert opinions were 
obtained for the items prepared for testing and adjustments were made. Test form was 
prepared and a pilot study was conducted with 31 students to determine how many minutes 
the test would take. Here, the average of the first and last completing students is taken and 
an average duration is calculated. After that, 400 students were asked these questions and 
item analysis were made. Test questions consisting of 43 items were reduced to 28 
questions after the item analysis. Then, test-retest application was made for the final results 
and reliability of the test. The test was applied to 115 students first and then two weeks 
later, applied again to the same 115 students and the consistency between the two tests was 
examined. When the statistical results of the test are examined, it is seen that KR-20 
Internal Consistency and KR-21 Internal Consistency are 0.90. This result indicates that the 
test is highly reliable. The average of the test was calculated as 20,06, the variance as 44,42, 
the standard deviation as 6,66, the median as 21, and the range as 28. Moreover, average 
difficulty of the test was found as better than the values in the literature with 0,67, and an 
achievement test with high distinctiveness as 0,48 was obtained.  

This study is a unique study showing that KÖYBT has valid and reliable results. 
Moreover, since the KÖYBT is prepared by following the test development steps, the 
method can serve as an example for other researches. This work is original in terms of 
inventory collection and construction and is parallel to the results of other scientific studies. 
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