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Abstract: 

This study was carried out with the aim of developing a valid and reliable achievement 

testing natural numbers by taking into account the steps of achievement test 

development. In the development of the achievement test, the 17 acquisitions related to 

the concept of step value in natural numbers in the field of learning of numbers and 

operations in the 4th Grade Mathematics Course Curriculum (2018) were taken into 

consideration. Based on the literature review, a draft achievement test consisting of 4 

items, 68 items in total, was developed. In order to ensure the consistency of the 

prepared test items and their consistency with scientific information, various 

arrangements have been made in the test items by making use of the opinions of 4 

faculty members specialized in the field of classroom education, mathematics education 

and measurement. A pilot application was carried out with 136 elementary school 4th 

Grade students. In accordance with the answers of the students to the questions in the 

test, item analysis was performed, and the discrimination indexes of each item were 

calculated separately. As a result of the item analysis, 40 items that were not easy to 

distinguish as easy and difficult and that did not have good item discrimination 

features were removed from the test, and the achievement test consisting of 28 items 

was obtained for the concept of step. The mean difficulty of the achievement test was 

.56, and the mean discrimination feature was .45. The data obtained from the item 

analysis of the test were analyzed using ITEMAN and Microsoft Office Excel 2007 

programs; and the KR-20 reliability coefficient of the test was calculated as .885. 

 

Keywords: step concept, achievement test, primary school, mathematics 

 

1. Introduction 

 

“The value represented by a digit in a number on the basis of its position in the number is 

defined as the place value” (Arslan & Ubuz, 2009: 98). The concept of digit is an issue that 
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has an important place in mathematics and is the basis of the number system and 

arithmetic we use. Although it seems simple, it is one of the topics that students have 

the most difficulty in understanding. As a matter of fact, Thompson and Bramald (2002) 

state that 2nd and 3rd grade students in primary school do not understand the concept 

of digit at all based on the results of their studies. Measurement and evaluation 

activities are important in determining the present difficulties of students, their 

readiness levels in terms of cognitive, affective and psychomotor skills, and to assess 

the level of realization of teaching objectives (Gonen, Kocakaya & Kocakaya, 2011). 

 Educational institutions engage in a systematically planned knowledge and skill-

building activity for students (Kaya, 2015). Various assessment and evaluation tools are 

used to determine the level of knowledge and skills acquired by students. In the 

constructivist approach, assessment and evaluation is a part of the teaching process and 

it is used both in determining the readiness levels of students before learning, in 

determining the attitudes of students towards the course in the learning process and in 

determining the level of achievement of the students at the end of learning. For these 

purposes, educators use various measurement tools such as open-ended questions, 

multiple choice questions, true-false questions and matching activities in order to 

measure students' performance (Karip, 2012). However, the majority of the 

measurement tools used in schools are non-standard tests prepared by teachers. 

Therefore; objective, valid and reliable achievement tests are needed to determine the 

quality and quantity of learning and achievement level in students (Fidan, 2013). 

 “At the end of a learning process, tests that measure the knowledge gained, thus, the 

achievement are called achievement tests” (Baser, 1996: 19). A good achievement test should 

be valid, reliable, objective, distinctive and useful. An achievement test can consist of 

both multiple-choice and open-ended questions. In the achievement tests consisting of 

open-ended questions, the students are free to determine the degree of importance they 

will attach to the form of approach to the subject, to the solution method of the question 

and to each of the points covered in their answer (Temizkan & Sallabas, 2011). In 

addition, it is stated that open-ended items are more advantageous than multiple-choice 

tests in measuring high-level skills (Bahar et al., 2012). Therefore, the achievement test 

developed in this study consists of open-ended questions. 

 Achievement test for multiplication of natural numbers (Ucuncu, 2010), 

achievement test for counting learning field in 1st, 2nd, 3rd, 4th grades (Fidan, 2013), 

readiness test for 6th grade numbers learning field (Ucgul Ocal, 2011), mathematics 

achievement test for 9th grade students (Baser, 1996), development of an achievement 

test on clusters, correlation, function (Narli & Baser, 2008), an achievement test aimed at 

measuring geometry achievements of 5th grade students (Sahin & Kesan, 2017) can be 

given as examples for the subjects of achievement tests in mathematics education. When 

the achievement tests in the field of mathematics were examined, an achievement test 

developed for the concept of digit could not be found. It is expected that this aspect of 

the study will contribute to the field and shed light on future studies. 
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2. Method 

 

In this study, it is aimed to develop an achievement test with proven validity and 

reliability for 4th grade students in the field of learning numbers and operations for the 

concept of digit in natural numbers. For this purpose, firstly, the steps of developing 

achievement test were investigated based on the literature review. Accordingly, the 

following steps suggested by Turgut and Baykul (2012) were taken into consideration in 

the development of the achievement test: 

• Determining the purpose for which the test will be used; 

• Determining the behaviors (achievements) to be measured in the test; 

• Writing appropriate test items for the achievements; 

• Review of items through expert opinion; 

• Preparation of the draft form; 

• Application of the draft form; 

• Item analysis, validity and reliability study and selection of items at the end of 

the application; 

• Establishing the final achievement test. 

 The sample of the study consists of 136 4th grade students attending two public 

schools in Elazig city center in 2017-2018 spring semester. While the schools were 

selected according to the convenience sampling method, the criterion sampling method 

was used in the selection of the students. As a criterion, all 4th grade students at these 

schools were invited to the study and 136 students agreed to participate voluntarily and 

with the consent of their parents. 

 Turgut and Baykul (2012) state that the duration of the exam is long enough for 

all the students to be motivated to answer questions carefully and quickly and long 

enough to answer all the questions, underlining that this is necessary to ensure 

reliability in measuring. Since the application of the test will be difficult and tiring for 

the fourth grade students to solve 68 questions at once, in line with the opinions 

received from the classroom teachers, the draft achievement test was divided into three 

sections as 24, 24 and 20 questions and applied in three sessions with 10 minute 

intervals. Each session lasted 40 minutes. Draft tests were given to each student and the 

students were asked to answer the questions in the classroom within the time period 

determined.  

 In accordance with the steps of the test development process, an item analysis 

was conducted in order to determine the item properties and validity and reliability of 

the 68-question draft achievement test. The correct answers given by the students to the 

questions were coded as 1, the wrong and empty answers were coded as 0. The number 

of correct answers was taken into consideration as the achievement criteria. ITEMAN 

and Microsoft Office Excel 2007 software applications were used for data analysis. The 

reliability study of the draft achievement test was performed by calculating the Kuder-

Richardson (KR-20) reliability coefficient. The reliability coefficient calculated with the 

KR-20 formula gives the consistency of the test items with the whole test (Turgut & 

Baykul, 2012). According to Turgut and Baykul (2012), the Kuder-Richardson-20 (KR-
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20) test, which reveals the consistency of the items in the measuring instrument with 

each other, should be used as a method of determining the reliability of a measuring 

instrument with a single application. In many studies in which achievement tests were 

developed, it is seen that reliability was analyzed by calculating the KR-20 reliability 

coefficient. Additionally, the KR-21 formula is used in situations where the degree of 

difficulty of all items in the test is equal (Baser, 1996). 

 

3. Findings 

 

Based on the steps to be followed while developing an achievement test (Turgut and 

Baykul, 2012), the researcher developed an "Achievement Test for the concept of place 

value". The steps followed in the development of the achievement test are presented 

below under separate headings. 

 Stage I: The purpose of the achievement test is to provide an achievement test 

with proven validity and reliability for the 4th grade students on digits in natural 

numbers which is in the learning area of "Numbers and Operations”. 

 Stage II: After the purpose of the test was determined, it was decided to 

determine the achievements to be measured in the test, the number of items to be 

included in the test, the duration of the test and the type of items to be included in the 

test. First of all, the acquisitions related to the concept of place value in natural numbers 

in the learning area of "Numbers and Operations" included in Primary School 4th Grade 

Mathematics Curriculum (2018) were determined. In addition, the researcher wrote 

acquisitions for the concept of place value taking into consideration the prerequisite 

acquisitions included in the learning area of "Numbers and Operations" in Primary 

School 1st, 2nd and 3rd Grade Mathematics Course Curriculum (2018), which are 

expected to be gained at the end of primary school. It is aimed to reveal the general 

status of primary school students related to the concept of place value at primary school 

level by including questions that measure these acquisitions in the achievement test. 

There are five sub-learning areas in the field of Numbers and Operations: “Natural 

numbers, addition in natural numbers, subtraction in natural numbers, multiplication 

in natural numbers and division in natural numbers”. In the achievement tests prepared 

to determine the level reached at the end of the learning process, having questions for 

each of the acquisitions in the curriculum may cause much more questions to appear in 

the test than students can answer, which may lead to a decrease in the usefulness of the 

test (Fidan, 2013). For this reason, behaviors that reflect progress and developments 

better in line with the objectives of the subject area should be specifically selected and 

measured (Ozcelik, 2010). Therefore, there are a total of 28 acquisitions in the sub-

learning areas considered, while 17 acquisitions directly related to the concept of place 

value were chosen by the researcher.  

 Table 1 shows the sub-learning areas and acquisitions in the Numbers and 

Operations Learning Area of 2018 Primary School 4th Grade Mathematics Course 

Curriculum which are included in the achievement test. In addition, the acquisitions 
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added by the researcher about the pre-learning required for the 4th grade are given in 

Table 1. 

 
Table 1: Acquisitions in the 4th Grade Numbers and Operations Learning Area of the 2018 

Primary School Mathematics Course Curriculum which are included in the achievement test 

Learning Area Sub-Learning Area Acquisitions 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Numbers 

and 

Operations 

Natural Numbers K1. Reads and writes 4-, 5- and 6-digit natural numbers. 

K2. Identifies and analyzes the orders and digits of the 4-, 5- 

and 6-digit natural numbers and the place values of the digits 

in the numbers. 

K3. Rounds up natural numbers to the nearest decimal or 

hundred. A maximum of four digits are used. 

K4 Sorts up to six digits of natural numbers using greater 

than/less than symbols. 

*K5. Shows four-digit numbers using a model 

*K6. States how many units form how many tens, how many 

tens form how many hundreds. 

*K7. Recognize the relationships between numbers and 

patterns in the hundreds table 

Addition in  

Natural Numbers 

K8 Makes addition with up to four-digit natural numbers. 

K9 Solves problems that require addition with natural 

numbers 

Subtraction in 

Natural Numbers 

K10. Makes subtraction with up to four-digit natural 

numbers. 

K11. Solves problems that require subtraction with natural 

numbers. 

Multiplication in 

Natural Numbers 

K12 Multiplies three-digit natural numbers by two-digit 

natural numbers. 

K13. Solves problems that require multiplication with natural 

numbers. 

Division in  

Natural Numbers 

K14. Divides three-digit natural numbers by up to two-digit 

natural numbers 

K15. Divides a maximum of four-digit number by a one-digit 

number. 

K16. Divides up to five-digit natural numbers the last three 

digits being zero by 10, 100 and 1000. 

K17. Solves problems that require division with natural 

numbers. 

* Acquisitions added by the researcher 

 

As can be seen in Table 1, there are 4 acquisitions related to the concept of place value in 

the natural numbers sub-learning are in the Primary School 4th grade Mathematics 

Teaching Curriculum. In addition to these acquisitions, the researcher added the 

acquisitions of “Shows four-digit numbers using the model; Expresses how many units 

form how many tens, how many tens form how many hundreds; and Recognizes the 

patterns and relationships between the numbers in the hundreds table” to the sub-

learning area of natural numbers. The reason for the addition of these acquisitions by 

the researcher is that there are acquisitions in the primary school 1st, 2nd and 3rd grade 

mathematics course curriculum for the topic of showing digits with a model and 
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expressing them in different ways. Likewise, 2 acquisitions in the sub-learning area of 

addition in natural numbers, 2 acquisitions in the sub-learning area of subtraction in 

natural numbers, 2 acquisitions in the sub-learning area of multiplication in natural 

numbers and 4 acquisitions in the sub-learning area of division in natural numbers 

were included in the draft achievement test. Expert opinion was taken to clarify that the 

acquisitions identified by the researcher as critical acquisitions are indeed critical 

acquisitions in the area. The experts whose opinions and suggestions were received, 

including 2 academicians in the field of Class Education and 1 academician in the field 

of Curriculum Development in Education. 

 Stage III: Another stage was to write questions for each of the acquisitions that 

are clarified by taking expert opinions. Before writing questions for the achievement 

test, the dimensions and components of the questions prepared for students were 

investigated in the literature. In this context, the question styles of the data collection 

tools in the textbooks, test booklets and on the internet were examined in order to 

reveal the level of learning of the students for the concept of place value in line with the 

research problems. In order to determine which question types and contents would be 

better for measuring the determined acquisition, these questions were tried to be 

formed in different forms and contents as much as possible. For example; A question of 

dividing in the form of 'one under the other' was written for the acquisition of "Divides 

a three-digit number by a two-digit number, and a side-by-side question of dividing for 

the acquisition of "Makes division by 10 and its multiples using the short method". It is 

thought that it is important to put more questions into the test for the first trial than the 

number of items to be included in the test (Baser, 1996). For this reason, considering the 

content validity of the literature and achievement test, 4 open-ended questions 

measuring each acquisition were prepared in line with expert opinions and a draft 

achievement test was developed.  

 The content validity of the study should be examined in order to understand 

whether the prepared draft achievement test reflects the desired behaviors adequately 

(Buyukozturk, Cokluk & Koklu, 2011). One way to ensure content validity is the tables 

of specifications. The tables of specifications are the display of target behaviors and 

curriculum content on a two-dimensional table. In this study, the table of specifications 

in Table 2 was prepared to ensure the content validity. Table 2 shows the table of 

specifications demonstrating the learning area, sub-learning areas, acquisition, number 

of questions, and percentage of questions taken into consideration when developing the 

draft achievement test. 
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Table 2: The Table of Specifications for the Values Considered  

while Developing Achievement Test for the concept of place value 

Learning 

Area 

Sub-Learning 

Area 

Number of 

Acquisitions 

Acquisition 

No. 

Cognitive 

Level 

Number 

of 

Questions 

Percentage 

of 

Questions 

N
u

m
b

er
s 

an
d

 O
p

er
at

io
n

s 

Natural 

numbers 

7 

 

 

K1 

K2 

K3 

K4 

K5 

K6 

K7 

Comprehension 

Comprehension 

Comprehension 

Comprehension 

Practice 

Analysis 

Analysis 

"4 

"4 

"4 

"4 

"4 

"4 

"4 

28 

41 

Addition in 

Natural 

Numbers 

2 K8 

K9 

Practice 

Practice 

"4 

"4 

11,7 

Subtraction in 

Natural 

Numbers 

2 K10 

K11 

Practice 

Practice 

"4 

"4 

11,7 

Multiplication 

in Natural 

Numbers 

2 K12 

K13 

Practice 

Practice 

"4 

"4 

11,7 

Division in 

Natural 

Numbers 

4 K14 

K15 

K16 

K17 

Practice 

Practice 

Practice 

Practice 

"4 

"4 

"4 

"4 

23,5 

 Total 17   68 100 

 

As can be seen in Table 2, there are 7 acquisitions and 28 questions in natural numbers 

sub-learning area, 2 acquisitions and 8 questions in the sub-dimension of addition of 

natural numbers, 2 acquisitions and 8 questions in the sub-dimension of subtraction of 

natural numbers, 2 acquisitions and 8 questions in the sub-dimension of multiplication 

of natural numbers, and 4 acquisitions and 16 questions in the sub-dimension of 

division of natural numbers included in the achievement test for the concept of place 

value. In total, there are 68 questions in five sub-learning areas. In the test, there are 4 

acquisitions and 16 questions in the comprehension stage, 11 acquisitions and 44 

questions in the application stage and 2 acquisitions and 8 questions in the analysis 

stage. It can be said that the acquisitions and questions are mostly related to the 

application stage of the cognitive level. 

 Since there are 7 acquisitions in the sub-learning area of natural numbers in the 

specifications table, 41% of the questions are directed to the concept of place value in 

natural numbers. Since the number of acquisitions in the sub-learning areas of the 

addition, subtraction and multiplication operations in natural numbers is equal, the 

question weights for these sub-learning areas are the same (11.7%). Finally, there are 4 

acquisitions and 16 questions in the sub-learning area of division of natural numbers 

and these questions constitute 23.5% of the achievement test. 
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 Stage IV: Another logical way of examining the content validityis to seek expert 

opinion. For the draft achievement test of 68 questions prepared to check the 

appropriateness of the questions written for the critical acquisitions determined; the 

opinions of nine experts including, 2 from Gazi University Gazi Faculty of Education, 1 

from Hacettepe University Faculty of Education, 3 from Firat University Faculty of 

Education, and 3 classroom teachers, were obtained independently from each other. 3 of 

the experts are associate professors, 3 are faculty member doctors and 3 are primary 

school teachers in schools affiliated to the Ministry of National Education. These experts 

were asked to evaluate; a) whether each question in the draft achievement test is 

appropriate for the relevant achievement, b) whether they are easily understood by the 

target audience. A form was created to provide the evaluation, opinions and 

suggestions for each question. 

 

Sample Question 

Learning Area: Numbers and Operations 

Sub-Learning Area: Natural Numbers 

Acquisition: Reads and writes 4, 5 and 6 digit-numbers. 

Q1. Fill in the dotted line with the written form of the number Ayşe wrote on the 

board. 

 
Acceptable  Partly Acceptable  Not Acceptable 

 

The achievement test was revised in accordance with the opinions of experts regarding 

the suitability of the data collection tool in terms of content and narrative intelligibility, 

and the items that were not related to the research subject and that were similar were 

corrected. In addition to this, some words or sentences were corrected in line with 

expert opinions with the idea that students might have difficulty in understanding 

during the achievement test, the visuals in the achievement test were enriched and 

bigger type sizes were used.  

 Stage V: Turgut and Baykul (2012) suggest that the items should be grouped 

according to the subjects in the achievement tests in order to prevent mental fatigue 

while answering the test items. In addition, it is stated that the ordering of the items 

from easy to difficult will enable the students to answer the questions willingly. 

Considering that the acquisitions in the curriculum are progressing gradually, and that 

the order of acquisitions in the curriculum is also the order of difficulty; the items for 

the same acquisition are given one after the other. In line with these suggestions, the 

draft achievement test consisting of 68 questions in its final form was made ready for 

implementation. 
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 Stage VI: In accordance with the steps of the test development process, an item 

analysis was conducted in order to determine the item properties and validity and 

reliability of the 68-question draft achievement test. The correct answers given by the 

136 students to the 68 questions in the draft test were coded as 1, the incorrect and 

empty answers were coded as 0. The statistical results of item difficulty index (p), item 

distinctiveness index (rjx), item standard deviation (Sj) and reliability coefficient (KR-

20) of the scores obtained from the application results are given in Table 3. 

 The reliability coefficient is generally higher than .70, which means that the test 

scores are reliable in terms of internal consistency (Buyukzoturk, 2007). A reliability 

score above .90 increases the quality of the test (Baser, 1996). The KR-20 internal 

consistency coefficient calculated for the reliability analysis of the draft achievement test 

was found to be .96. This finding shows that the items constituting the draft 

achievement test are the consistent with each other and with the whole test, thus, the 

test is very reliable in terms of internal consistency. According to Turgut and Baykul 

(2012), a high reliability coefficient of KR-20 is an indicator of the high reliability of the 

test as well as the fact that the feature measured is unidimensional. The mean difficulty 

value of the test was .71. This finding shows that test is made up of easy items. 

 Priority should be given to the coefficient of discriminative power in the 

selection of items (Turgut and Baykul, 2012; Baser, 1996). The rationale for this priority 

is that the item discriminative power is directly related to the validity, the degree which 

the test serves to the measurement purpose. Therefore, since the purpose of the draft 

achievement test developed in this study is to measure student achievement, the 

discriminative indices of the items were first taken into consideration in order to 

differentiate the participants who had acquired and those who had not acquired the 

desired outcomes through the test items. 

 Turgut and Baykul (2012) stated that it would be appropriate to accept items 

with an item discrimination index value of .30 and above for the final achievement test. 

When the findings in Table 3 are examined, the discriminative index of items 1, 2, 3, 4, 

5, 6, 7, 8, 9, 10, 15, 17, 21, 22, 23, 25, 26, 41, 45 and 48 is below .30 and should be removed 

from the draft achievement test. Of these; items numbered 2, 6, 8, 9, 15, 17, 22, 23 and 41, 

are in the range of 0.20 and 0.29 and items that can be corrected and reused; while items 

numbered 1, 3, 4, 5, 7, 10, 21, 25, 26, 45 and 48 are items that must be removed from the 

test, having an index value below 0.19. Since there should be at least one question that 

measures each acquisition in order to ensure content validity, questions 4 and 6 were 

not excluded from the achievement test as an exception. In this context, items 4, 6, 11, 

12, 13, 14, 16, 18, 19, 20, 24, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 42, 43, 44, 46, 

47, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67 and 68 are included 

in the final achievement test.  

 Since some of the items included in the final achievement test measure the same 

acquisition, item difficulty levels of the questions were examined. Items 4, 6, 11, 14, 18, 

19, 24, 29, 30, 31, 32, 37, 38, 39, 40, 47, 49, 51, 52, 53, 57, 61, 62, 63, 64 and 65 with 

difficulty level 0.65 and above -very easy-easy- and 0.34 and below -very difficult-

difficult- are planned to be removed from the final achievement test. However, in order 

http://oapub.org/edu/index.php/ejes


Yasemin Kubanç 

ACHIEVEMENT TEST DEVELOPMENT STUDY FOR STEP CONCEPT

 

European Journal of Education Studies - Volume 6 │ Issue 6 │ 2019                                                                                  217 

not to reduce the content validity, items 4, 6, 24, 29, 40 and 63 are excluded from this 

rule. In this context, the final achievement test consists of a total of 28 items including 

items numbered 4, 6, 12, 13, 16, 20, 24, 27, 28, 29, 33, 34, 35, 36, 40, 42, 43, 44, 46, 50, 54, 

58, 59 60, 63, 66, 67 and 68. 

 Stage VII: After the necessary arrangements were made after the 

implementation, the "Achievement test for the concept of place value” with a total of 28 

questions was obtained. Table 4 shows the results of item analysis for the final 

achievement test obtained. 
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Table 3: Item Analysis Values for the Draft Achievement Test for the concept of place value 
Item 

No 

Item  

Difficulty  

Index (pj) 

Item 

Discrimination 

Index (rjx) 

Item 

No 

Item 

Difficulty 

Index (pj) 

Item 

Discrimination 

Index (rjx) 

Item 

No 

Item 

Difficulty 

Index (pj) 

Item 

Discrimination 

Index (rjx) 

Item 

No 

Item 

Difficulty 

Index (pj) 

Item 

Discrimination 

Index (rjx) 

Question 1 1,00 0 Question 18 0,69 0,57 Question 35 0,60 0,54 Question 52 0,68 0,68 

Question 2 0,99 0,20 Question 19 0,71 0,50 Question 36 0,61 0,44 Question 53 0,83 0,69 

Question 3 0,92 0,19 Question 20 0,53 0,65 Question 37 0,89 0,44 Question 54 0,56 0,41 

Question 4 0,89 0,19 Question 21 0,82 0,10 Question 38 0,87 0,51 Question 55 0,80 0,63 

Question 5 0,91 0,09 Question 22 0,84 0,29 Question 39 0,81 0,52 Question 56 0,86 0,64 

Question 6 0,87 0,25 Question 23 0,75 0,21 Question 40 0,65 0,46 Question 57 0,79 0,70 

Question 7 0,96 0,09 Question 24 0,77 0,30 Question 41 0,80 0,26 Question 58 0,60 0,49 

Question 8 0,92 0,20 Question 25 0,91 0,11 Question 42 0,54 0,41 Question 59 0,60 0,54 

Question 9 0,83 0,23 Question 26 0,88 0,11 Question 43 0,45 0,43 Question 60 0,62 0,46 

Question 10 0,72 0,08 Question 27 0,44 0,37 Question 44 0,37 0,39 Question 61 0,69 0,67 

Question 11 0,66 0,33 Question 28 0,57 0,47 Question 45 0,79 0,14 Question 62 0,73 0,69 

Question 12 0,51 0,30 Question 29 0,86 0,52 Question 46 0,63 0,47 Question 63 0,65 0,59 

Question 13 0,38 0,54 Question 30 0,88 0,45 Question 47 0,74 0,42 Question 64 0,71 0,71 

Question 14 0,67 0,56 Question 31 0,87 0,45 Question 48 0,63 0,13 Question 65 0,76 0,58 

Question 15 0,76 0,25 Question 32 0,93 0,43 Question 49 0,68 0,61 Question 66 0,43 0,51 

Question 16 0,55 0,35 Question 33 0,57 0,36 Question 50 0,63 0,67 Question 67 0,47 0,62 

Question 17 0,90 0,26 Question 34 0,51 0,33 Question 51 0,74 0,56 Question 68 0,62 0,72 

Number of People Tested= 136 Standard Deviation of Test = 12.28 

Test Average = 26.22 Average Difficulty of the Test = .71 

KR-20 Value of the Test = .96  

 

In Table 4, where the final version of the achievement test is presented, there are 9 questions in the sub-learning area of natural 

numbers while there are 5 questions in the sub-learning area of addition in natural numbers. Again, there are 4 questions in the sub-

learning area of subtraction in natural numbers while there are 2 questions in the sub-learning area of multiplication in natural 

numbers. Finally, there are 8 questions in the sub-learning area of division in natural numbers. The reliability of the 28-item final 

achievement test obtained after the application was found to be quite high at .885 level. Table 5 presents the distribution of the items 

in the final achievement test according to difficulty categories and levels of discrimination. 

http://oapub.org/edu/index.php/ejes


Yasemin Kubanç 

ACHIEVEMENT TEST DEVELOPMENT STUDY FOR STEP CONCEPT

 

European Journal of Education Studies - Volume 6 │ Issue 6 │ 2019                                                                                  219 

Table 4: The results of item analysis for the final version of  

the achievement test for the concept of place value 
Sub- 

Learning  

Area 

Acquisition 

No. 

Item  

No 

Item 

Difficulty 

Index 

(pj) 

Item 

Discrimination 

Index  

(rjx) 

Sub-

Learning 

Area 

Acquisition 

No. 

Item  

No 

Item 

Difficulty 

Index 

(pj) 

Item 

Discrimination 

Index  

(rjx) 

N
at

u
ra

l 
 

n
u
m

b
er

s 

K1 Question 
4 

0,89 0,19 

S
u
b
tr

ac
ti

o
n
 i

n
  

N
at

u
ra

l 
 

N
u
m

b
er

s 

 

K10 Question 
40 

0,65 0,46 

K2 Question 
6 

0,87 0,25  
K11 

Question 
42 

0,54 0,41 

K3 Question 
12 

0,51 0,30 Question 
43 

0,45 0,43 

K4 Question 
13 

0,38 0,54 Question 
44 

0,37 0,39 

Question 
16 

0,55 0,35 

M
u
lt

ip
li

ca
t

io
n
 i

n
 

N
at

u
ra

l 

N
u
m

b
er

s 

 

K12 Question 
46 

0,63 0,47 

K5 Question 
20 

0,53 0,65 K13 Question 
50 

0,63 0,67 

K6 Question 
24 

0,77 0,30 

D
iv

is
io

n
 i

n
  

N
at

u
ra

l 
 

N
u
m

b
er

s 

 

K14 Question 
54 

0,56 0,41 

K7 Question 

27 

0,44 0,37  

K15 

Question 

58 

0,60 0,49 

Question 
28 

0,57 0,47 Question 
59 

0,60 0,54 

A
d
d
it

io
n
 i

n
  

N
at

u
ra

l 
 

N
u
m

b
er

s 

 

K8 Question 
29 

0,86 0,52 Question 
60 

0,62 0,46 

 
K9 

Question 
33 

0,57 0,36 K16 Question 
63 

0,65 0,59 

Question 

34 

0,51 0,33 K17 Question 

66 

0,43 0,51 

Question 
35 

0,60 0,54  Question 
67 

0,47 0,62 

Question 
36 

0,61 0,44   Question 
68 

0,62 0,72 

Number of 
People 

136 Standard Deviation of the Test 12.28 

Test Average 56,7 Average Difficulty of the Test .56 

KR-20 Value .885 Average Discrimination of the Test .45 

 

Table 5: The Distribution of the Items in the Final Achievement Test for the concept of 

place value According to Difficulty Categories and Levels of Discrimination 
Item Difficulty Item Discrimination 

 Number of Items %  Number of Items % 

Very easy 3 11 Very good 19 68 

Easy 3 11 Good 7 25 

Medium 22 78 Improvable 1 3,5 

Hard 0 0 Should be removed 1 3,5 

Very hard 0 0    

Total 28 100 Total 28 100 

 

When the data in Table 5 is examined, it is seen that 78% of the items are of medium 

difficulty and 22% are easy and very easy. There are no difficult or very difficult items 

in the achievement test. Again, 68% of the items had a very good discriminative power 

and 28% had a good discriminative power. Based on these findings, it can be said that 

the item difficulty of the achievement test was of medium level and the test consisted of 

items with very good discrimination power. According to Turgut and Baykul (2012), 

the discriminative power of the item is related to whether the item measures the desired 

http://oapub.org/edu/index.php/ejes


Yasemin Kubanç 

ACHIEVEMENT TEST DEVELOPMENT STUDY FOR STEP CONCEPT

 

European Journal of Education Studies - Volume 6 │ Issue 6 │ 2019                                                                                  220 

behavior or not, because it discriminates between those who have a particular behavior 

or not, so the item discrimination index can also be called as item validity. Therefore, it 

can be said that the internal consistency of a test with good item discrimination index is 

good (Anastasi, 1988). 

 

4. Discussion and Conclusion 

 

When the achievement tests in the field of mathematics were examined, an achievement 

test developed for the concept of place value could not be found. There; in this study, it 

is aimed to develop an achievement test with proven validity and reliability for the 

concept of place value in natural numbers for 4th grades.. While developing the 

achievement test, the steps to be followed while developing the concept of place value, 

which were determined by Turgut and Baykul (2012), were taken into consideration. 

Firstly, the table of specifications was prepared to ensure the content validity; critical 

acquisitions were determined and presented to the expert opinion. A draft achievement 

test consisting of 68 questions was developed for 17 acquisitions determined by taking 

expert opinion. The draft achievement test was applied to 136 4th grade students as a 

pilot study. Item difficulty and discriminative indices and KR-20 value and reliability 

values were calculated for the achievement test implemented. As a result of item 

analysis, very easy-easy and very difficult-difficult items were removed from the test 

without reducing the content validity. In addition, items with a low discrimination 

power were excluded from the draft achievement test without reducing the content 

validity. The average difficulty of the final achievement test consisting of 28 questions 

was .71; the average discrimination power was .45 and the KR-20 value was .885. These 

findings show that the item difficulty of the developed achievement test was of medium 

level, the test is quite reliable and consisted of items with very good discrimination 

power. As a result, an achievement test was developed which could contribute to the 

field for the concept of place value in natural numbers at the primary school 4th grade 

level. 
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