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Abstract 

This paper presents evidence for the development and validation of an “Achievement 

Test on Body Systems” which is a unit in 7th class Science Education lesson. The test 

was conforming the acquisitions described in the Turkish National Science Education 

Program for 3, 4, 5, 6, 7 and 8th classes. At the same time, number of the acquisitions, 

step of the acquisitions according to Bloom's taxonomy, number of lessons to finish all 

units and formerly learned concepts were taken into account for creating items. The 

content validity of the test was reviewed and ensured by 1 expert and 2 science 

teachers. One of the teachers was doing her PhD degree and one of them was doing his 

master’s degree. The pilot test was made up of 48 items selected from initial 78 items 

and the sample consisted of 245 7th grade students. Kaiser-Meyer-Olkin Test (which is 

a measure of how suitable the data are for Factor Analysis) was done. Kaiser-Meyer-

Olkin value was 0.89, and the result indicated that the sampling was adequate. Analyses 

based on classical test theory used 33% of the upper and lower classes for item 

difficulty and discrimination indices. And the KR-20 was used for the reliability. After 

omitting 3 items; the item difficulties were between 0.36 and 0.81, the item 

discrimination indices were between 0.40 and 0.89 and the internal consistency of the 

test (KR-20) was found as 0.898. Results indicate that Achievement Test of Body 

Systems has satisfactory psychometric properties and it can be accepted as appropriate 

for future use. 
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Introduction 

Various philosophies, approaches, methods and techniques are used when the 

learning-teaching processes are being planned, developed and applied. The definition of the 

knowledge by each philosophical movement is different from each other (Sonmez, 2009). In 

this context, approaches that are based on certain philosophical principles and that develop 

based on these philosophical bases, and the methods and techniques, which are the 

applications of these approaches in the education medium, vary in a great deal (Durmus, 

2005; Demir, 2009; Bezir Akcay, 2014). In order to understand whether various methods and 

techniques used in educational media are beneficial in teaching, and to learn how much 
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students acquire the subjects and concepts given to them, it is necessary to make 

measurements and evaluations (Izard, 1993; Mertens, 2015). 

Making evaluations on whether the works done in each field of life within a certain 

program achieve success or not, or on determining how much they achieve success are 

extremely important, and the criterion of these evaluations reveal the level of success. As it is 

already known, curricula include elements, which are, the target, content, application-learning 

experiences and evaluation. When considered in this context, it attracts attention that 

evaluation is an inseparable part of education. As a matter of fact, teachers have to find the 

most suitable measurement and evaluation technique to see how much the program is 

effective or to determine what students learn during the educational processes (Balaban and 

Gunes, 2012). 

Measurement is defined as observing a measurable quality and expressing this quality 

with numbers and symbols that are proper for the purpose. The most basic problem in this 

process may be experienced in determining a unit system that will facilitate the performing of 

the measurement process with equal units, and that is generalizable and suitable for the 

purpose. In education, on the other hand, measurement is described as determining how much 

the behaviors change in the direction of the targeted purposes, and showing this with various 

techniques, numbers and symbols (Cepni et al., 2007). 

Evaluation is defined as the determination of whether the expected behaviors are 

acquired by students in the education process or how much these behaviors are acquired 

(Atilgan et al., 2006). 

These two concepts, which are confused with each other, are generally given together. 

However, measurement constitutes one of the most basic elements of evaluation concept. For 

example, determining how many points a student receives from a test is measurement, and 

determining whether that students passes this class with these points or not is evaluation 

(Demirel, 2002).  

A measurement tool that has to be reliable, valid and functional may be applied 

before, during and/or after the teaching activity (Costu, 2012) in various forms. These forms 

may be in the form of written examination, oral examination, multiple-choice tests, tests with 

short answers, true-false tests, etc. Of course, when these tests are being prepared, there are 

some points that have to be cared for, such as the questions must not be ambiguous, they must 

be in accordance with the acquisitions, there must not be information having clues for the 

answers in the questions or in the options, the test must be examined by other people not only 

by the one who prepares them, possible mistakes must be corrected, and the difficulty level 

must be adjusted well (Gecit, 2013). 

By considering all these points, the aim is to develop a multiple-choice achievement 

test on the unit “The Systems in Our Body”, which is taught in 7th Grades. In this context, 

firstly, the issue of how the subject is given in the curriculum has been examined.  When 

considered in general terms, the information on the systems of our body, which we use every 

day, is given in 3, 4, 5, 6, 7 and 8th grades in the scope of Science Education Classes in 

primary schools (Ministry of National Education, 2013). In 7th grades, on the other hand, 

there are the parts named “Digestive System”, “Excretory System”, “Auditory and Regulatory 

Systems”, “Sense Organs” and “Organ Donation and Transplantations of Organs” in the unit 

called “The Systems in Our Body”. In the curriculum about this unit, there are 16 acquisitions 
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in the 7th Grade and 4 of these acquisitions are given in the subject of “Digestive System” 

and 2 are given in “Excretory System”, 4 in “Auditory and Regulatory Systems”, 5 in “Sense 

Organs”, and 1 in “Organ Donation and Transplantations of Organs”. When the subject is 

assessed by considering the acquisitions given in the previous years and in the following year 

in other levels to make associations by students; it is observed that there are 3 acquisitions in 

the 3rd Grade, 8 in the 4th Grade, 13 in the 5th Grade, 14 in the 6th Grade, and 13 in the 8th 

Grade (Ministry of National Education, 2013). 

Methodology 

In order to develop an achievement test on “The Systems in Our Body” unit in 7th 

Grade, first of all, the purpose and the concepts-acquisitions to be measured were determined 

by examining the curriculum released by the Ministry of National Education, Board of 

Education and Discipline (2013). Then, the items were written, the viewpoints of specialists 

were referred to, the possible format of the test was prepared and applied. The application 

results of the test, item analyses, and item selection were made, and the last form of the test 

was given by considering the statistical results. 

Sample 

The sampling of the study consisted of 245 seventh grade students who were studying 

at state schools in Samsun in 2015-2016 Academic Year. In order to reveal the real situation 

in the universe, the most important condition is the sampling to represent the universe. For 

this, the number of the sampling must be adequate. With this viewpoint, in order to determine 

whether the sampling was adequate or not, the Kaiser-Meyer-Olkin (KMO) Test (sampling 

adequacy criterion) was performed (Kaiser, 1970). 

Item Pool (Content Validity) 

As the first step or as the developing the achievement test step, an item pool consisting 

of 78 items was formed. When forming this pool, the curriculum that was run by the Ministry 

of National Education, Board of Education and Discipline (2013) was examined. In these 

examinations, the information on the subject learnt in the previous year, the number of the 

acquisitions in 7th Grade in “The Systems in Our Body” unit, its place in the unit as a 

curriculum item, and the corresponding elements of these acquisitions in Bloom Taxonomy 

were considered. By doing so, the purpose was to ensure the content validity. Validity is 

related with whether a study design measures the subject to be measured (McCowan & 

McCowan, 1999; Erdogan, 2012), in other words, it is related with how truly the test 

measures the characteristics of an individual (Demir, Gurer, Koksal & Dolu, 2009; 

Buyukozturk, 2011). After the items of the measurement tool and its structure were produced, 

the item analysis and the reliability and validity constitute the indirect evidence on the content 

validity of the measurement tool (Erkus, 2011). 

The Viewpoints of the Specialists (Content Validity) 

In order to ensure the content validity of the achievement test, 78 items were prepared 

at first. Specialist viewpoints were referred to in order to examine whether each item had the 
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quality of measuring the desired skill, in order to examine the mistakes in terms of spelling 

and meaning, the items not giving one another’s answer, and in order to determine whether 

they are true in terms of science. For this purpose, 78 items were examined by 2 Science 

Education Teachers one of whom was studying for doctorate degree and one of whom 

continued post-graduate degree, 1 Turkish Language teacher, 1 measurement-evaluation 

specialist, and field specialist. In the light of the specialist viewpoints, the draft items 

underwent a pre-selection process, and the test was reduced to 48 items. The pilot study of the 

achievement test was applied to the sampling with 48 items.  

Reliability Studies with Factor Analysis  

Reliability studies with factor analysis were conducted with computer programs 

(SPSS and Excel). Firstly, the students were encoded like S1, S2. Then, the answers given by 

students for each item (which option was chosen by the student) was saved in an Excel file. 

After this step, the value of 1 was given to the option that was true according to the key of the 

test, and 0 was given to the wrong answers. By using the data obtained, the KMO, 

Distinguishing Power Index of the Items (r), Item Difficulty Index (p), and the Kuder-

Richardson 20 (KR-20) values were computed. 

Results 

The data obtained in the analyses are as follows under these titles, respectively; 

 The Findings on Evaluating the Conformity of the Data with Factor Analysis, 

 Findings on Distinguishing Power Index of the Items and Item Difficulty Index,  

 Findings on Validity and Reliability, 

 Findings on the Distribution of the Points of the Test Developed.  

The Findings on Evaluating the Conformity of the Data with Factor Analysis (the 

KMO Test) 

The issues of whether it is correct to perform factor analysis with a data group; and if 

it is correct, how much it is suitable for analysis are determined by using Kaiser-Meyer-Olkin 

Test (Kaiser, 1970, 1974). As it is emphasized by Kaiser (1970), this test is not a test 

statistics, but is a criterion. According to Kaiser (1974), the results of this criterion receive 

values between 0 and 1. The ones with 0,90 value are interpreted as being “Perfect”; 0,80 as 

“Good”; 0,70 as “Medium Level”; 0,60 as “Weak”; 0,50 as “Bad” and below 0,50 as 

“Unacceptable”. The value of this criterion was obtained by using SPSS, and was determined 

as 0,891. When the range of the criterion was examined, it is observed that the achievement 

test, which was developed, was between the value ranges that are interpreted as “Good”. In 

other words, the sampling in the study represents the universe, and therefore, it was concluded 

that accurate analyses could be made.  
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Findings on Distinguishing Power Index (r) of the Items and Item Difficulty Index 

(p) 

Distinguishing power index of the items (r) is the distinguishing of an item between a 

knowing and unknowing student (Brennan, 1972; Mayo et al., 1993). In other words, the 

higher distinguishing power index of an item, the higher it distinguishes between knowing 

and unknowing students (Masters, 1988). Item difficulty index (p), on the other hand, is the 

determination of the difficulty level of an item (Ding et al., 2006).  The r takes values between 

-1 and 1; and the p value takes values between 0 and 1 (McCowan & McCowan, 1999). The 

grouping made by Ebel (1972) has been used by many researchers in their studies (for 

example, McCowan & McCowan, 1999; Ding et al., 2006). If the r value of the item is or 

over 0,40 it is interpreted as “Very Good”; between 0,30 and 0,39 as “Good”; between 0,20 

and 0,29 as “It must be corrected”; between 0 and 0,19 as “It must be excluded”. If the item 

takes 0 or a negative value, it is understood that the item is written in a bad way, and although 

it may be answered easily by the students from the lower groups, it is not answered by the 

students from the upper group. If the p value, on the other hand, is or below 0,40 it is 

interpreted as “Difficult”; higher than 0,40 and lower than 0,60 “Medium”; and equals or is 

higher than 0,60 “Easy”. In other words, as the value comes closer to 1, the number of the 

students who know the answer to the question increases, and therefore, the question becomes 

easier. As the item difficulty index comes closer to 0, the number of the students who know 

the answer to the question decreases, and therefore, the question becomes difficult.  

According to Kelley (1939), in order to make an item discrimination power analysis, 

taking 27% of the “extreme” groups will be “ideal”. According to Wiersma and Jurs (1990), it 

becomes easier to reveal these differences because the differences increase by moving away 

from normal distribution (as cited in McCowan and McCowan, 1999). For this reason, the 

data are ranked from the students that receive the highest points to the ones that receive 

lowest points. The lower and upper groups (67 students each) were determined in the light of 

this information. 

Graphic 1. The Distinguishing Power Index Values (r) of the Items in the Test. 
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Graphic 2. The Item Difficulty Index Values (p) of the Items in the test. 

 

The p and r values determined for all items are given in Graphic 1 and 2. As a result of 

evaluating these two values together, it was determined that the discrimination power of 1st, 

20th and 41st items was found to be low, and were excluded from the test. The number of the 
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0,612. In other words, the Achievement Test consisting of 45 questions consisted of “easy” 
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purpose of determining the internal consistency reliability of the achievement tests (Erkus, 

2011). KR-20 received values between 0 and 1, and the 0,70 value is an acceptable value. As 

a result of the analyses conducted on the achievement test consisting of 45 questions, the KR-

20 value was evaluated, and this value was determined as 0,898. It was concluded that the 

developed scale was reliable.  

Findings on Distribution of the Points of the Test Developed 

In addition, if 1 point was given to each question in the achievement test, which 

consists of 45 questions, the average point obtained from the data was determined as 31,09. 

While the average value of the upper group students who answered the questions correctly 

was 61,3 (91,5%); this average was 26,4 (39,4%) in the lower group. The definitive statistical 

findings are given in Graphic 3. 
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Graphic 3. The Frequency of the Students in Giving Accurate Answers Based on Questions 

 

Discussion 
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Table 1. The Statistics and Criterion Found in This Research 

Test Statistics / 

Criterion (KMO) 
Between Acceptable Levels 

Achievement 

Test’s Items 

Levels 

Achievement 

Test’s Items 

Assessment 

KMO 0 / 1 ≤ 0,50 0,891 “good” 

p 0 / 1 ≤ 0,30 0,656 “easy” 

r -1 / 1 ≤ 0,30 0,612 “very good” 

KR-20 0 / 1 ≤ 0,70 0,898 “reliable” 

For this reason, future researchers, who aim to investigate this topic in the future, can 

use “Achievement Test on Body Systems” in order to measure the influence of various 

methods and techniques on learning.  

In addition, it is also considered that this study will cast a light for the researchers who 

would like to develop achievement tests to be applied on different topics or in different 

educational levels. For this reason, the development steps for the achievement test have been 

explained in detail. 
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