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Abstract  
The aim of this study was to develop a valid and reliable three-tier 
diagnostic test to identify misconceptions about simple machines among 
science teacher candidates in the Physics-1 course. The study group 
consisted of 126 teacher candidates enrolled in the science education 
program at a state university in the Black Sea region during the 2024–25 
academic year. The researchers developed a data collection tool called the 
"Three-Tier Diagnostic Test on Simple Machines." All tiers of the test 
consisted of multiple-choice questions. During test development, the 
purpose of the test was first determined, and then important behaviors were 
included in the scope of the test to create an indicator table. Twenty-one 
trial test items were prepared according to the revised Bloom Taxonomy 
levels. The test was submitted for expert review, and after making the 
necessary revisions, the pilot application of the three-tier diagnostic test 
was conducted. The data obtained from the pilot study were analyzed using 
the TestAn software package. As a result of the analysis, a valid and 
reliable 17-item "Simple Machines Three-Tier Diagnostic Test" was 
developed. The three-tier diagnostic test's reliability coefficient (KR-20) 
was found to be 0.71. In other words, the reliability of the test is considered 
reliable when it is above 0.70. It is recommended that researchers expand 
the three-tier diagnostic test for science teacher candidates to a four-tier 
test, test its reliability by applying it to different working groups, or create 
a three-tier diagnostic test on simple machines for middle and high school 
students.  
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Introduction 
 

Concepts play a critical role in science 
education. Used by individuals to make sense of 
events and their relationships, concepts have an 
important place in science and physics 
education (Ayvacic & Devecoglu, 2009). 
Concepts are the abstract representations in our 
minds of specific groups that we create based on 
particular characteristics (Ayas et al., 1997). It 
is essential that concepts be taught concretely 
and in a clear and understandable way in 
educational activities. Science education 
involves many abstract, difficult-to-understand 
concepts generally related to physics topics 
(e.g., physical events) (Dağdalan & Taş, 2017; 
Aci-Özkan, 2024).  
 

Abstract and difficult-to-understand 
concepts may form in students' minds in ways 
that differ from what is anticipated. Various 
studies show that students develop ideas and 
beliefs about certain concepts and phenomena 
before receiving formal science education and 
bring these ideas with them into their 
educational lives (Amir & Tamir, 1994). In 
other words, students may enter science 
education with ideas and beliefs based on 
individual experiences and simple observations 
that do not align with scientific facts. Such ideas 
are referred to as "conceptual misconceptions" 
in the literature (Laçin-Şimşek, 2019). 
 

These misconceptions are considered 
an important issue to address in the learning and 
teaching process (Gülçiçek & Yağbasan, 2004). 
Eliminating misconceptions is important for 
students to understand the natural world and 
provide explanations for events, as well as for 
meaningful, lasting learning (Avcı et al., 2012). 
A review of the literature indicates that 
misconceptions exist among individuals of all 
ages (students, teacher candidates, and teachers) 
(AyvacI et al., 2004; Bostan, 2008; Boz, 2005). 
Furthermore, studies have found that the same 
misconceptions exist in different age groups, 
negatively affecting lasting learning (Avcı et 
al., 2012). Identifying misconceptions in 
science education plays an important role in 
ensuring effective learning. A three-tier 
diagnostic test mainly consisting of multiple-
choice questions can be used for this purpose 
(Çetinkaya & Taş, 2016; Özmen & Sever, 2024; 
Peker & Taş, 2019; Yıldırım & Semiz, 2022). 

These tests reveal the reasons behind students' 
or teacher candidates' answers on any topic 
covered in class, i.e., they identify 
misconceptions (Peker & Taş, 2019). In the first 
tier, students are asked a question with four or 
five distractors, similar to multiple-choice 
questions. In the second tier, students explain 
why they selected a distractor in the first tier or 
mark one of several justifications consisting of 
four or five distractors. Additionally, a blank 
space is provided. Students are expected to use 
this space to explain any additional reasons they 
wish to add. In the third and final tier, students 
indicate their level of confidence in the answers 
they provided in the first two tiers (Aykutlu & 
Şen, 2012; Rudi et al., 2021). 
 

If a student gives an incorrect answer in 
either of the first two tiers and is confident in 
their answer, they are said to have a "conceptual 
misconception." If a student answers incorrectly 
in either of the first two tiers but is not 
confident, they are said to have a "knowledge 
gap." If a student answers correctly in both tiers 
one and two and is confident, they are 
determined to have "scientific knowledge." 
However, if they are not confident, they are 
considered to have "given a lucky guess or lack 
confidence" (Peşman & Eryılmaz, 2010).  

 
Bloom's taxonomy plays an important 

role in test development. Designed by Benjamin 
Bloom (1956), this taxonomy measures 
individuals' cognitive behaviors. These 
cognitive behaviors are measured using 
Bloom's six stages: knowledge, comprehension, 
application, analysis, synthesis, and evaluation 
(Colletta & Chiappetta, 1989; Krathwohl, 2002; 
cited in Soylu et al., 2020). In 1995, Lorin W. 
Anderson (a student of Bloom's) and his 
colleagues revised Bloom's taxonomy, creating 
a new one that differed from the original. One 
significant difference is that the six main levels 
were changed from nouns to verbs. Another 
important difference is that the revised 
taxonomy was reorganized from a one-
dimensional structure to a two-dimensional 
structure consisting of a cognitive processes 
dimension and a knowledge type dimension. 
The cognitive process/area dimension includes 
mental processes ranging from recall to 
creation. The knowledge dimension consists of 
four categories: factual, conceptual, procedural, 
and metacognitive knowledge (Ersoy & 
Bayraktar, 2018). Bloom's Taxonomy is often 
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chosen by researchers because it is suitable for 
identifying students' or teacher candidates' 
cognitive process skills when the test's validity 
and reliability are met (Büyüköztürk, 2013).  
Science education teaches a range of concrete 
and abstract concepts. A review of the literature 
reveals that students have conceptual 
misconceptions, particularly in studies related 
to simple machines. Researchers such as Avcı 
et al. (2012), İspir (2020), İspir and Aydın 
(2020), and Polat and Gödek (2022) have 
identified these misconceptions. This study 
used the cognitive knowledge levels of the 
"Revised Bloom Taxonomy" for the questions 
of a three-tier diagnostic test developed to 
identify misconceptions held by science teacher 
candidates. 
 

"Simple machines" is a topic that 
students often struggle with and where 
misconceptions are prevalent. A review of the 
literature reveals that teacher candidates and 
students experience difficulty understanding 
simple machines, anxiety during the learning 
process, and struggle with teaching concepts. 
They also have low conceptual understanding 
and hold various misconceptions (Acar et al., 
2019; Avcı et al., 2012; Bilgin & Kala, 2018; 
Diken, 2018). Therefore, it is essential to 
address this issue by developing suitable 
teaching materials and examining the impact of 
various teaching methods on cognitive skills.  
 
Research Purpose and Significance 
 

The purpose of this research is to 
develop a valid and reliable measurement tool 
that can identify science teacher candidates' 
misconceptions about simple machines, while 
taking the stages of test development into 
account. A review of the literature reveals that 
there are few studies on identifying 
misconceptions by administering a three-tier 
diagnostic test on simple machines to science 
teacher candidates. Therefore, this study is 
anticipated to fill a gap in the field. 
 

Method 
 
Research Design 
 

This study aimed to develop a valid and 
reliable test consisting of three-tier, multiple-
choice items to identify science teacher 
candidates' misconceptions about simple 

machines, a topic covered in Physics 1. 
According to Baykul (2015), test development 
is the process of creating a test with predefined 
characteristics that provides measurable results 
according to a specific method. 

The Simple Machines Three-Tier 
Diagnostic Test was developed based on the 
outcomes of the Science Teaching 
Undergraduate Program determined by the 
Council of Higher Education (YÖK). After 
creating the item pool, expert opinions were 
sought to ensure the content validity of the test. 
For example, the Turkish language expert 
provided the following feedback on the second 
question: "This question is generally 
understandable. There are no errors in the 
wording of the question or the answer choices. 
However, since 'usta' is used as a title for a 
person in question, it should begin with a capital 
letter according to spelling rules. A comma 
should be used instead of a semicolon in the 
answer choices in the 'Reason for choosing this 
answer' section." Similarly, a faculty member 
specializing in science education provided the 
following feedback on the second question: 
"The question is quite good in terms of the 
science field and corresponds to the given 
learning outcomes. However, it would be better 
if it were written as 'Friction on inclined planes 
has been neglected' in parentheses. 
Furthermore, this question is appropriate for the 
evaluation stage of Bloom's taxonomy. This is 
because, considering the length of the inclined 
plane, it involves making judgments and 
evaluations about force and force gain." After 
making the necessary adjustments based on the 
experts' opinions, the Simple Machines Three-
Tier Diagnostic Test was piloted, and the data 
collected were subjected to item analysis. The 
item analysis established the content validity of 
the Simple Machines Three-Tier Diagnostic 
Test, and the reliability values were calculated 
using the KR-20 formula, yielding a value of 
0.71. Based on the data analysis, items 6, 10, 14, 
and 21 were removed from the test, and the final 
version of the Simple Machines Three-Tier 
Diagnostic Test was created. Item 10, which 
had a discrimination and difficulty value of 
0.12, is an example of an item removed from the 
study. According to Crocker and Algina (2006), 
item discrimination is considered low when it is 
below 0.30. Therefore, item 10 was removed. 

 
Study Group 
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This research study consists of science 
teacher candidates at a state university in the 
Black Sea region during the 2024–25 academic 
year. A total of 126 teacher candidates have 
taken Physics-1. Due to considerations of 
economy and time efficiency (Erkuş, 2017; 
Yıldırım & Şimşek, 2021), the "convenience 
sampling" method was chosen for the research 
sample. 

 
Data Collection Tool and Development 
Process 

The data collection tool used in the 
study was the Simple Machines Three-Tier 
Diagnostic Test (BMÜATT), which the 
researcher developed to identify 
misconceptions held by science teacher 
candidates. The test consists of 21 multiple-
choice questions developed with expert input. 

The primary purpose of the three-tier 
diagnostic test is to reveal teacher candidates' 
misconceptions. The test development process 
consists of specific stages, and the test's validity 
and reliability increase as each stage is 
successfully completed. There are many 
comprehensive studies in the literature 
regarding these stages. In this study, the test 
development stages proposed by Atılgan et al. 
(2015, pp. 316–334) were considered. These 
stages are as follows:  
1- Determining the purpose of using test scores 

2- Selecting the achievements that correspond 
to the structure or area and preparing the 
indicator table 

3- Writing the draft items  
4- Reviewing (checking) the draft items  
5- Creating the draft test form  
6- Implementation of the draft test  
7- Determining the items through item analysis 

procedures following the pilot application  
8- Determining the statistical values of the final 

test created from the identified items. 
 
The learning outcomes related to the topic of 
simple machines covered in Physics-1 are listed 
as follows:  
 
1. The general characteristics of simple 

machines / the advantages they provide (no 
gain in work, providing ease of work in daily 
life) are emphasized. 

2. Simple machines, such as fixed pulleys, 
movable pulleys, blocks and tackle, levers, 
inclined planes, and wheels and axles, are 
discussed. 

3. Simple machines such as gears, screws, and 
pulleys are discussed. 

 
The alignment of the learning outcomes for 

the topic of simple machines with the three-tier 
diagnostic test questions is presented in Table 1 
below.

 
Table 1  
Matching the Learning Outcomes of the Simple Machines Topic with Three-Step Diagnostic Test 
Questions 
 

Question Number Related to the 
Learning Outcome 

Question Number 

1 1, 6, 14, 16 

2 
2, 5, 7, 9, 11, 12, 13, 15, 17, 18, 19, 
20 

3 3, 4, 8, 10, 21 
 
 
The indicator table for the test, developed based 
on the Revised Bloom Taxonomy and 

consisting of 21 pilot items, is presented in 
Table 2 below.

 
 
Table 2  
Itemization Table of Test Items 
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The draft three-tier diagnostic test, 
consisting of 21 items, was submitted for review 
to one research assistant and one faculty 
member specializing in the field. Additionally, 
the clarity and comprehensibility of the 
question texts in the pilot three-tier diagnostic 
test were presented for review to one Turkish 
language teacher who is a specialist with a 
degree in Turkish education. The necessary 
revisions were made based on the expert 
opinions received. Subsequently, a pilot 
application of the prepared three-tier diagnostic 
test was conducted with 25 randomly selected 
teacher candidates at the undergraduate level, 
without any time constraints. As a result of the 
pilot application, considering the average 
completion times of the teacher candidates, it 

was decided that the test would be allocated 45 
minutes.  

 
The test items were diversified in terms 

of difficulty levels, instructions and warnings 
were added, and the font size was adjusted to 
suit the level of the teacher candidates before 
being placed on the test form. The three-tier 
diagnostic test prepared in the first tier was 
administered to 25 science teacher candidates. 
During the application process, care was taken 
to ensure that teacher candidates did not leave 
any items blank. The classes (license levels) and 
school numbers of the teacher candidates were 
printed on the test to help them focus on the 
three-tier diagnostic test.  
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3. Simple 
machines, such as 

gears, screws, 
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discussed. 
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Test Item Number 1, 3 5, 13, 
14, 17 

4, 8, 9, 
11, 15, 

21  

6, 7, 
10, 20  

2, 12, 
16, 19  

18  

Total 2 4 6 4 4 1 21 
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The pilot test was administered to 
science teacher candidates.   

 
The pilot test was then analyzed. After 

the three-tier diagnostic test was analyzed using 
the TestAn program, items were selected for the 
final test. When selecting items, item 
discrimination and difficulty levels must be 
taken into account. According to Ebel (1995), 

there are certain criteria that must be used when 
selecting pilot items. These are presented in the 
tables below.  

 
According to the criteria in Table 3, 

items that should not be included in the test, 
items requiring revision, and items that can be 
included directly can be evaluated using the 
item discrimination index..

 
Table 3 
Item Selection Criteria Based on Item Discrimination Indices 

Item Discrimination 
Index 

Item Selection Criteria 

0.19 and below 
Should definitely not be included in the test or 
should be completely revised. 

Between 0.20 and 0.29 
 

These items are at the test's threshold and may be 
included in the test if necessary after correction. 

0.30 to 0.39 
 

These items can be included in the test without 
correction or with minor corrections. 

0.40 and above 
These are very well-performing items and can be 
included in the test as they are. 

 
This study eliminated items based on the item 
discrimination index. Examples of eliminated 
items include item 10, with an index of less than 
0.19, and items 6, 14, and 21, with indexes 
between 0.20 and 0.29. Table 9 in the Findings 
section provides a detailed list of the items 
included and excluded from the test. 
 

The item difficulty index is the average 
of correct responses to an item scored as 1 or 0, 
reflecting both an average value and a 
percentage. It is calculated by dividing the 
number of participants who answered correctly 
by the total number of participants who took the 
test (Atılgan et al., 2015). The criteria for 
evaluating items based on the item difficulty 
index are presented in Table 4 below.

 
 
Table 4 
Evaluation of Items Based on Item Difficulty Index 

Item Difficulty Index  Item Evaluation 

0.00 – 0.29 Difficult item 
0.30 – 0.49 Moderately difficult item 
0.50 – 0.69 Easy item 
0.70 – 1.00 Very easy item 

 
As the item difficulty index approaches 

0, the question becomes more difficult; as it 
approaches 1, the question becomes easier 
(Atılgan, 2012). In this study, items 7, 10, 12, 
14, and 21 were difficult items because they fell 
between 0 and 0.29 on the item difficulty index. 
Items 3, 4, 5, 8, 9, 11, 15, 16, 17, 18, and 19 
were moderately difficult because they fell 
between 0.30 and 0.49. Items 16, 17, 18, and 19 
are examples of medium-difficulty items, while 
items 1, 2, 6, 13, and 20, which fall between 

0.50 and 0.69, are examples of easy items. The 
study does not include any items with an index 
between 0.70 and 1. 

 
Furthermore, Table 8 in the Findings 

section provides an item evaluation regarding 
the test's index. 

 
Data Analysis  
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First, teacher candidates were coded 
from 1 to 126 as T1 (Teacher Candidate 1), T2 
(Teacher Candidate 2), and so on, in the 
research application. Then, the obtained data 
were analyzed using the TestAn software 
package with permission from the developer, 
Aydın (2013). The discriminative and difficulty 
indices of all test items were determined 
separately, and the analyses and evaluations of 
these items are presented in the findings section. 
Additionally, the Kuder-Richardson 20 (KR-
20) formula was employed, yielding a reliability 
coefficient of 0.71. It was concluded that the 

reliability coefficient falls within the limits 
accepted in the literature and that the test is 
sufficiently reliable.  

 
Since the three-tier diagnostic test has 

three different stages, different categories 
emerge. Therefore, Table 5 presents the 
possible responses and categories of the three-
tier diagnostic test. These categories are further 
divided into four: scientific/correct knowledge, 
lack of knowledge, misconception, and lucky 
guess/lack of confidence. 

 
 

Table 5 
 Possible Responses and Categories of the Three-Tier Diagnostic Test 

Tier 1 
Responses 

Tier 2 
Responses 

Tier 3 
Responses 

Categories 

Correct Correct Certain 
Possesses Scientific (Correct) 
Knowledge 

Correct Correct  Not sure Guess/Lack of Confidence 
Correct Wrong Certain Conceptual Error 
Wrong Correct Certain Conceptual Error 
Wrong Wrong Certain Conceptual Error  
Correct Wrong Not sure Lack of Information 
Wrong Correct Not sure Lack of information 
Incorrect Wrong Not sure  Lack of information 

 
The Kuder-Richardson 20 (KR-20) 

formula was used to calculate the reliability of 
the three-tier diagnostic test for simple 
machines as a result of the applications carried 
out. In this formula, responses to a test item are 
scored as 1 if correct and 0 if incorrect and are 
calculated accordingly (Büyüköztürk et al., 
2009). For an item in the three-tier diagnostic 
test to receive one point—that is, to be 
considered correct—the individual taking the 

test must answer the first two tiers correctly and 
indicate certainty in the third tier. If an 
individual answers any of the first two tiers 
incorrectly or is unsure in the third tier, the 
answer is considered incorrect and coded as 0 
points (Çetinkaya & Taş, 2016).  

 
Table 6 below provides the scoring 

table for the possible responses to the three-tier 
diagnostic test for simple machines.

 
Table 6 
Scoring Scale for the Three-Step Diagnostic Test on Simple Machines 

T൴er 1 
Responses 

T൴er 2 
Responses 

T൴er 3 
Responses 

Score 

Correct Correct Conf൴dent 1 

Correct Correct  Not sure 0 

Correct Wrong Not sure 0 

Wrong Correct Certa൴n 0 

Wrong Wrong Conf൴dent  0 

Correct Wrong Not sure 0 

Wrong Correct Not sure 0 

Wrong Wrong Not sure 0 
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According to Çepni (2007), "reliability" 

is a term used to describe how often findings 
can be repeated. In other words, it demonstrates 
the consistency of multiple measurement results 
for a specific quality of the measurement tool. 
The reliability coefficient takes a value between 
0 and 1; as it approaches 1, reliability is high, 
and as it approaches 0, reliability is low. 
However, in the KR-20 formula, the test items 
may not have the same level of difficulty. When 
using the KR-20 formula for knowledge tests 
with a small number of items (10-15), a value as 
low as 0.50 can confirm the test's reliability 
(Şencan, 2005). The reliability value of the 
three-tier diagnostic test for simple machines in 
the study was determined using the KR-20 
formula based solely on an analysis of the first-
tier questions and was found to be 0.68. 
Additionally, when evaluated with the first two 

tiers, the reliability was found to be 0.70. 
Finally, the reliability coefficient was found to 
be 0.71 when all three tiers were calculated 
together. In other words, the reliability of this 
test is above 0.70, indicating that it is reliable. 

 
Findings 

This section presents the item analysis 
results and interpretations for the three-tier 
diagnostic test items. The TestAn program 
output for the test items, i.e., the difficulty (p_j) 
and discrimination (r_(jx)) indices, are 
presented in Table 7 below. The table shows the 
evaluation of the "Tier 1 Score, Tier 2 Score 
Only, Score in Both Tiers (Tier 1 + Tier 2 
Score), and Total Score (Score Calculated for 
All Three Tiers)" for the 21 questions in the 
three-tier diagnostic test (BMÜATT). 

 
 

Table 7 
Item Difficulty and Item Discrimination Indices of the Three-Tier Diagnostic Test Items for Simple 
Machines  

 
Item No. 
 

T൴er 1 Score Only T൴er 2 
Score 

Score ൴n Both 
T൴ers 

Total Score 

pj rjx pj rjx pj rjx pj rjx 

1 .71 .53 .72 .56 .63 .62 .59 .47 

2 .75 .50 .74 .53 .68 .65 .60 .67 

3 .69 .21 .63 .50 .50 .71 .34 .50 

4 .63 .38 .68 .47 .48 .62 .48 .50 

5 .50 .65 .56 .65 .47 .71 .37 .62 

6* .72 .21 .66 .38 .72 .21 .59 .29 

7 .59 .24 .59 .59 .31 .50 .25 .50 

8 .34 .56 .66 .44 .44 .50 .40 .30 

9 .69 .38 .59 .41 .38 .59 .34 .62 

10* .44 .24 .56 .35 .22 .27 .12 .12 

11 .60 .68 .56 .65 .43 .68 .37 .62 

12 .34 .38 .60 .56 .27 .41 .27 .35 

13 .69 .38 .71 .56 .63 .32 .63 .33 

14* .41 .41 .35 .35 .29 .35 .28 .21 

15 .47 .47 .52 .44 .53 .53 .41 .65 

16 .48 .73 .48 .74 .46 .79 .32 .59 

17 .84 .32 .53 .35 .41 .53 .40 .44 

18 .63 .50 .62 .50 .57 .56 .47 .65 

19 .68 .47 .59 .53 .49 .68 .37 .62 

20 .65 .71 .59 .47 .65 .41 .50 .47 

21* .39 .08 .41 .18 .32 .41 .25 .27 

*The four items indicated by * were not included in the final test because they had low discriminative 
power (index of 0.20 or less) when considering their total scores, or because the item with a borderline 
(between 0.20 and 0.29) needed to be revised.  
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The analysis revealed that items 1, 2, 6, 
13, and 20 in the three-tier diagnostic test are 
easy (PJ = 0.50–0.69), while items 3, 4, 5, 8, 9, 
11, 15, 16, 17, 18, and 19 are of medium 
difficulty (PJ = 0.30–0.49). Items 7, 10, 12, 14, 
and 21 are difficult (PJ = 0.00–0.29). 
Furthermore, the analysis revealed that test 
items 1, 2, 3, 4, 5, 7, 9, 11, 15, 16, 17, 18, 19, 
and 20 have very good discrimination power 
(rjx = 0.40 or higher), while test items 8, 12, and 
13 have fairly good discrimination power (rjx = 

0.30 to 0.39). Test items 6, 14, 21, and 10 have 
very low discrimination power (rjx = 0.19 or 
lower). Based on these findings, items 1, 2, 3, 4, 
5, 7, 9, 11, 12, 13, 15, 16, 17, 18, and 19 were 
included in the three-tier diagnostic test as they 
were discriminatory. Items 6, 10, 14, and 21 
were not included as they were not 
discriminatory. The evaluation of the 21 
questions in the three-tier diagnostic test is 
shown in Tables 8 and 9 below. 

 
 

Table 8 
Evaluation of the Items in the Three-Tier Diagnostic Test on Simple Machines in Terms of Difficulty 
Index 

Item D൴ff൴culty Index (pj) Evaluat൴on Based on Item Number 

0.00 – 0.29 (D൴ff൴cult ൴tems) 7, 10, 12, 14, 21 
0.30 – 0.49 (Moderately d൴ff൴cult 
൴tems) 

3, 4, 5, 8, 9, 11, 15, 16, 17, 18, 19 

0.50 – 0.69 (Easy ones) 1, 2, 6, 13, 20 
0.70 – 1.00 (Very easy) - 

 
Table 9 
Evaluation of Simple Machines Three-Tier Diagnostic Test Items in Terms of Discrimination Index 

Item D൴scr൴m൴nat൴on Index (rjx) Evaluat൴on by Item Number 

0.40 and above 1, 2, 3, 4, 5, 7, 9, 11, 15, 16, 17, 18, 19, 
20 

Between 0.30 and 0.39 8, 12, 13 
Between 0.20 and 0.29 6, 14, 21 
0.19 and below  10 

 
 

The item difficulty values for the total 
scores of the three-tier diagnostic test for simple 
machines range from 0.12 to 0.63. The average 
of these values is 0.40. In other words, these 
specified value ranges and the resulting average 
indicate that the test is of medium difficulty. 
The item discrimination values of the three-tier 
diagnostic test for simple machines range from 
0.12 to 0.67. The average of these values is 0.47, 
which is considered very good. 
 
Results, Discussion, and Recommendations 

 
Within the scope of the research, a 

multiple-choice test (the Simple Machines 
Three-Tier Diagnostic Test) was developed to 
identify misconceptions that science teacher 
candidates hold about the topic of "Simple 
Machines" in Physics-1. Validity and reliability 
analyses were performed. Taking into account 

the Science Teacher Education Undergraduate 
Program specified by the Council of Higher 
Education (YÖK) and expert opinions, the 
three-tier diagnostic test was developed, and the 
necessary adjustments were made based on the 
results of the pilot application. The test was 
administered to science teacher candidates, and 
the data obtained were analyzed. The analyses 
yielded the difficulty and discrimination indices 
of the test items, which were used to determine 
which items to include and exclude from the 
final test. 

 
Three-tier diagnostic tests allow us to 

determine whether answers are correct or 
incorrect for the right or wrong reasons, 
respectively (Arslan et al., 2012; Bozdağ, 2017; 
Özden & Yenice, 2017). Progressing from 
single-tier tests to three-tier tests decreases the 
percentage of correct answers and 
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misconceptions. Furthermore, in three-tier tests, 
students are less likely to solve questions based 
on their estimated chance of success 
(Çiğdemoğlu & Arslan, 2017; Elmas & Pamuk, 
2021; Özden & Yenice, 2017). Examining 
numerous studies on this subject reveals that 
three-tier tests are more advantageous than 
single- or two-tier tests (Eryılmaz & Sürmeli, 
2002; Halloun & Hestenes, 1995; Kirbulut & 
Geban, 2014; Mellyzar, 2021; Peşman & 
Eryılmaz, 2010; Taşlıdere, 2016). In other 
words, unlike single-tier diagnostic tests, three-
tier diagnostic tests determine the level of 
concept learning and identify knowledge gaps, 
misconceptions, and lack of confidence. 

 
The reliability coefficient reflects the 

internal consistency of a measurement tool 
(Tan, 2006). In this study, the reliability of the 
three-tier diagnostic test for simple machines, 
calculated using the KR-20 formula, was found 
to be 0.71. Different reliability values are 
accepted in the literature. For example, Kane 
(1986, p. 221) states that reliability coefficients 
above 0.50 are acceptable, while Tavşancıl 
(2006) states that the reliability coefficient 
should be 0.60 or above and Büyüköztürk 
(2013) states that it should be 0.70 or above. A 
review of the literature reveals that reliability 
coefficient values (KR-20 and KR-21) in 
science education test development studies are 
0.60 or higher, which is consistent with the 
results of this study (Çakır & Aldemir, 2011; 
Çetinkaya, 2019; İspir, 2020; Orduhan & Çakır, 
2023; Özcan, Çetinkaya, & Arık, 2021; Özden 
& Yenice, 2017; Özmen & Sever, 2024; Peker 
& Taş, 2019; Yavaş, 2019). In other words, the 
reliability value obtained in this study (0.71) is 
consistent with those reported in previous 
studies. 

 
The item difficulty index in tests is 

expressed as the percentage of individuals in the 
tested population who answered the items 
correctly. As an item's difficulty index 
increases, the item is considered easier; as the 
index decreases, the item is considered more 
difficult. The item discrimination index is the 
ability of a test item and its distractors to 
distinguish between individuals who know and 
do not know the quality that the test aims to 
measure; in other words, it is the test's ability to 
discriminate. In prepared tests, higher 
discrimination indicates higher reliability 
(Baştürk, 2013). The item discrimination index 

helps distinguish whether an individual who 
answers a question correctly possesses the 
required knowledge or skill. An item with an 
item discrimination index that can take values 
between -1 and +1 is suitable for use in the test 
when it approaches +1. The item difficulty 
index ranges from 0 to 1; the closer the value is 
to 0, the more difficult the item, and the closer 
the value is to 1, the easier the item. During the 
item analysis process, statistical and content-
based criteria determine the level of item 
discrimination: Items with a discrimination 
index below 0.19 are excluded from the test or 
completely revised. Items between 0.20 and 
0.29 are borderline and may be included in the 
test after revision. Items between 0.30 and 0.39 
may be included in the test with minor 
revisions. Items with a discrimination index 
greater than 0.40 function very well and may be 
included in the test as is (Atılgan et al., 2015). 

 
In this study, the item difficulty values 

of the three-tier diagnostic test for simple 
machines ranged from 0.12 to 0.63, with an 
average of 0.40. These value ranges and 
averages indicate that the test is of medium 
difficulty. According to Büyüköztürk et al. 
(2009), items with an item difficulty index 
between 0.40 and 0.59 are considered medium. 
According to Atılgan et al. (2015), items with 
an item difficulty index between 0.30 and 0.49 
are also considered medium. A review of the 
literature on test development in science 
education found that the item difficulty index is 
0.30 or higher (Avcı, Acar-Şeşen, & Kırbaşlar, 
2018; Ayvacı & Durmuş, 2016; Çakır-Yıldırım 
& Karaarslan-Semiz, 2022; Çakır & Aldemir, 
2011; Çetinkaya & Taş, 2016; Demir & Akarsu, 
2014; Gülmez-Güngörmez & Akgün, 2018; 
Küçükkeskin & Kılıç, 2024; Özden & Yenice, 
2017; Peker & Taş, 2019; & Saraç, 2018). This 
study found that the average item difficulty 
index of the test was 0.40, indicating moderate 
difficulty, consistent with previous studies.  

 
The discriminant indices of the items in 

the three-tier diagnostic test for simple 
machines ranged from 0.12 to 0.67, with an 
average of 0.47 (considered very good). Items 
with a discrimination index below 0.19 cannot 
be included in the test and must be revised, 
while items with an index between 0.20 and 
0.29 are borderline and may be included in the 
test after revision. However, to have high 
discriminability, a test must include items with 
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a discriminability index of 0.30 or above 
(Crocker & Algina, 2006). Thus, four items (6, 
10, 14, and 21) with discrimination indices 
below 0.30 were excluded from the test. A 
review of the literature revealed that studies 
related to test development in science education 
had an average item discrimination index of 
0.40 or higher (Çetinkaya & Taş, 2016; 
Çiğdemoğlu & Arslan, 2017; Gülmez-
Güngörmez & Akgün, 2018; Kargın & Gül, 
2021; Özcan, Koca, & Söğüt, 2019; Özden & 
Yenice, 2017; Özmen & Sever, 2024; Peker & 
Taş, 2019; Saraç, 2018; Şimşek & Şahin-Çakır, 
2025; Tüncaz & Şahin-Çakır, 2025). In this 
study, the average item discrimination index of 
the test was 0.47. In other words, the item 
discrimination was very good. This result is 
consistent with those of previous studies.  

 
The three-tier diagnostic test initially 

consisted of 21 items. As a result of the 
applications and analyses performed, it was 
revised and reduced to 17 items, thus reaching 
its final form. The final version of the test is 
expected to be a useful resource for faculty 
members involved in training science teacher 
candidates and researchers working in this field. 

 
Based on the results obtained from this 

study, the following recommendations can be 
made:  

 
 In this research, the three-tier 

diagnostic test was used. Although 
three-tier diagnostic tests are better than 
two-tier diagnostic tests, they are 
determined by asking a single certainty 
question related to the main question 
and the justification section. It may be 
better if they are asked once more 
whether they are certain about the main 
question and the justification section 
(twice in total), in other words, if it is 
made a four-tier diagnostic test. 

 In this study, the three-tier diagnostic 
test was administered to 126 science 
teacher candidates, and its reliability 
value was found to be 0.71. The 
reliability of the test can be tested by 
applying it to different study groups. 

 In this study, four items were removed 
from the test. These removed items can 
be completely revised and reapplied to 
the same group to calculate reliability.  

 In this study, a three-tier diagnostic test 
was developed for the topic of "Simple 
Machines." Three-tier diagnostic tests 
can also be developed for other 
scientific topics. When developing a 
three-tier diagnostic test, topics that 
students find difficult can be selected. 

 In this study, the three-tier diagnostic 
test was prepared for science teacher 
candidates. Instead of science teacher 
candidates, a three-tier diagnostic test 
related to simple machines can be 
prepared for middle schools or high 
schools. 
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