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Abstract 

 
This research aims to develop a Pictorial-based Two-Tier Multiple Choice Misconception Diagnostic Test on 
Buffer solutionss. This research uses the Development and Validation method. The development steps in this 
method consist of test development (design); validity and reliability test; development of determination key; 

use of tests, and analysis of results. Based on the content validity test using the Content Validity Ratio 
(CVR) method, there are 24 items meet the content validity criteria. Based on the reliability test obtained 
Cronbach's Alpha value of 0.827 which indicates that the developed test is included in the acceptable 
category. It can identify high school students' misconceptions about the buffer solutionss because the 
presence of pictures can help students understand the problems about the buffer solutionss, and can provide 
an overview of their mental representations so that misconceptions are revealed more deeply.  
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1. Introduction 
 
One of the aims of classroom learning is to 
change the way students accept and process 
the concepts given by the teacher (Benati, 
2017). In the 2013 curriculum, there are core 
competencies for 11th grade senior high 
school in chemistry subjects that aim to 
enable students to understand, apply, and 
analyze factual, conceptual, procedural, and 
metacognitive knowledge. Then the expected 
output can mastered the concepts and 
principles of chemistry as a whole. Chemistry 
learning is a process of interaction between 
components in a system. The components are 
students, teachers, learning materials, 
facilities, and infrastructure, as well as 
environmental aspects related to achieving 
learning objectives. It shows that chemistry 
learning could be enriched by an 

interconnected system of worldviews to find 
solutions to sustainability issues (Zidny & 
Eilks, 2020). 

 
Chemistry is a subject based on abstract 
concepts that are difficult to understand, 
especially when students are placed to 
believe without seeing (Stojanovska et al., 
2017). The concept of chemistry is often 
considered difficult by students for various 
reasons, including the assumption that the 
cause of the difficulty of chemistry is because 
chemical concepts are complex and abstract.  
 
Chemistry consists of three levels of 
representation, that are (1) macroscopic 
(everything that can be seen, touched, and 
felt), (2) submicroscopic (atoms, molecules, 
ions, and structures), and (3) symbolic 
(symbols, formulas, mathematical equations, 
graphs, molecular structures, diagrams, etc.) 
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(Johnstone, 2000). Studying chemistry to have 
a whole understanding can be studied from 
three aspects which are macroscopic, sub-
microscopic and symbolic 
descriptions (Chandrasegaran et al., 2007). 
 
One of the chemistry materials that is 
considered difficult is a buffer solutions. To 
understand the buffer solutions, it is 
necessary to understand the three levels of 
representation macroscopic, sub-microscopic, 
and symbolic, which are abstract, and the 
integration between these levels. In addition, 
it is necessary to have a good understanding 
of the concepts of chemical and acid-base 
equilibrium in studying buffer solutionss 
(Orgill & Sutherland, 2008). In addition, the 
concept of a buffer solutions is related to 
other concepts such as chemical equilibrium, 
acid-base, and stoichiometry (Demircioǧlu et 
al., 2005). It means, there are prerequisite 
concepts in understanding buffer solutionss 
so that students can connect one concept to 
another.   
 
When students carry out learning and try to 
interpret a concept, it sometimes deviates 
from the concept that has been agreed upon 
by the experts (Etkina et al., 2005). That 
problem causes many students to experience 
misconceptions. Students' misconceptions 
can be identified through a test called a 
diagnostic test. 
 
For diagnosing students' conceptions (e.g., 
buffer solutions), teachers often depend on 
paper and pencil tests that include sets of 
individual items with a single correct answer 
in the form of multiple-choice questions. 
These test only evaluates students' content 
knowledge without knowing the reasons 
students choose the answer. Although the 
ordinary multiple-choice questions only 
identify many students in a short time, the 
student's level of understanding of the 
concepts cannot be revealed in detail, and 
students' answers can only be guessed (Gurel 
et al., 2015). Therefore, to minimize the 
disadvantages associated with multiple-
choice tests, researchers developed the two-
tier multiple-choice diagnostic test 

instrument, which is designed to diagnose 
students' alternative 
conceptions (Chandrasegaran et al., 2007). 

 
The use of diagnostic tests at the beginning 
or end of learning can help teachers to find 
students' misconceptions about the material 
being studied (Lin, 2004). Diagnostic tests are 
used to assess students' conceptual 
understanding of key concepts on certain 
topics. Diagnostic tests can be done through 
multiple-choice tests, interviews,  two-tier 
tests, and three-tier tests (Peşman & Eryilmaz, 
2010). A good diagnostic test not only shows 
that students do not understand certain parts 
of the material but also shows how students 
think in answering the questions given even 
though their answers are not correct (Law, 
2008). 

 
The form of two-tier test questions was 
developed by David  Treagust from Curtin 
University Australia (Treagust, 1988). The 
form of this question is that each item 
contains two layers, the first layer is the main 
question, and the second layer is the reason 
for choosing the answer to the main 
question. Another advantage is that the two-
tier multiple choices diagnostic test is at a 
high cognitive level (Cengiz, 2009). The two-
tier multiple-choice diagnostic test is an 
effective diagnostic test (Chandrasegaran et 
al., 2007). This diagnostic test can identify 
students’ misconceptions because there are 
many distractors based on these 
misconceptions (Adodo, 2013). 
 
In research conducted (Cengiz, 2009) in the 
field of chemistry, the two-tier multiple 
choices diagnostic test has two levels. The 
first level consists of questions and five 
answer choices, at the second level consists 
of five choices of reasons that refer to the 
answers at the first level. The reason consists 
of one correct answer and a distractor. The 
distractor's answer is the student's 
explanation obtained from the literature, 
interviews, and open responses.  
 
Since 1988 Treagust published his work on 
the design of Two-Tier tests, researchers have 
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developed various Two-Tier diagnostic tests 
to assess students' understanding of ideas in 
different content areas. Several studies on the 
development of Two-Tier diagnostic tests 
have been carried out on ionization energy 
materials (Tan et al., 2005), a chemical 
reaction (Chandrasegaran et al., 2007), and 
acid-base (Bayrak, 2013). The research on the 
development of a pictorial-based two-tier 
multiple-choice diagnostic test to identify 
student misconceptions has been carried out 
domestically, including on Mole Concept 
(Siswaningsih et al., 2017). 
 
Pictorial tests can be in the form of diagrams, 
figures, graphs, or tables. Narrative questions 
have several weaknesses, one of which is the 
use of sentences that are too long, which 
makes it difficult for readers to understand 
the subject matter, and sometimes they tend 
to feel lazy to read them. Chemical concepts 
represented in pictorial form were easier to 
understand and explain  (Surif et al., 2012).  
 
Based on the exposure, researchers 
conducted a study with the title 
"Development of Pictorial-based Two-Tier 
Multiple Choice Misconception Diagnostic 
Test on Buffer solutions." 
 

2. Research Method 
 
The method that used in this research is 
development and validation method. This 
method works equally well for developing 
assessments tools to measure other aspects 
of student thinking, such as their perceptions 
or knowledge of a field of science and how it 
is best learned. This assessments tools involve 
questions that accurately probe whether 
students understand and apply particular 
concepts in the manner of a scientist in the 
discipline (Adams & Wieman, 2011). 

 
Development is a form of formation by 
carrying out certain stages to produce a goal. 
The development in this research is to 
produce the Test Pictorial-based Two-Tier 
Multiple Choice Misconception Diagnostics 
on Buffer solutions. The items that have been 
developed for diagnostic tests must go 

through a validation process (Haladyna & 
Rodriguez, 2013). 

 
The steps in the development and validation 
method carried out in this study consisted of 
(1) test development (design); (2) validity and 
reliability of the test, and (3) determining the 
determination key. In the validation stage, the 
Pictorial-based Two-Tier Multiple Choice 
Misconception Diagnostic Test on the Buffer 
solutions was validated by four expert 
lecturers and one school teacher. The validity 
test carried out is content validity. To analyze 
the results of expert judgment, the CVR 
technique proposed by Lawshe (1975) was 
used. The equation for calculating the CVR of 
each item is presented in Eq. (1): 
 

CVR= 
 ne-( 

 N 

 2 
 ) 

 ( 
 N 

 2 
 )

  (1) 

 
CVR = Content validity ratio. 
ne = The number of validators that give   

 the value "valid". 
N = Number of Validators 

 
The questions are accepted if the question 
has a CVR value above or equal to the 
minimum CVR value. On the other hand, the 
question is rejected if it has a CVR value 
below the minimum CVR value. The score is 
determined by the total validators involved. 
Here's  Table 1, which shows the minimum 
CVR score with a certain number of 
validators. 
 
Table 1.  Minimum    CVR     Value    based     

on Number of Validators 
Number of 

Respondents 
CVR Minimum Value 

5 0.99 
6 0.99 
7 0.99 
8 0.78 
9 0.75 

10 0.62 
11 0.59 
12 0.56 
13 0.54 
14 0.51 
15 0.49 
20 0.42 
25 0.37 

(Lawshe, 1975) 
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While at the stage of reliability, tested by 78 
students of 11th grade science program in 
senior high school. The reliability test was 
carried out using the Cronbach alpha 
method. Processing of reliability values is 
done by using the software  Statistical 
Package for Social Sciences  (SPSS) version 
21.0 to determine the reliability criteria. The 
reliability value criteria are shown in  Table 2. 
 
Table 2.  Cronbach's       Alpha       Criteria     

for Establishing Internal Consistency  
Reliability 

Criteria Information 

α ≥ 0.9 Very good 
0.8 ≤ α < 0.9 Good 
0.7 ≤ α < 0.8 Acceptable 
0.6 ≤ α < 0.7 Acceptable but not good 
0.5 ≤ α < 0.6 Ugly 

α < 0.5 Not acceptable 

(Gliem & Gliem, 2003) 
 

3. Result And Discussion 
 
In this section, the results of the development 
of a pictorial-based two-tier multiple-choice 
diagnostic test on the buffer solutions 
material are presented, and a discussion of 
the findings obtained in the research that has 
been carried out is presented. The results and 
discussion of the development of the test 
consisted of the structure of the test, the 
validity, and the reliability of the test. 
 
3.1. Test Structure 
The preparation of the test is carried out by 
adapting and modifying the stages of 
developing a two-tier diagnostic test carried 
out (Chandrasegaran et al., 2007), that is 
scope and objective of the test. 
 
Determination of the scope and objectives of 
the test in the study was carried out through 
a literature review. Based on the results of the 
literature review, eight concept labels were 

produced on the buffer solutions material, 
which was then developed into questions. 
The developed test aims to identify students' 
misconceptions about the buffer solutions. 
The eight concept labels are presented in 
Table 3.  
 
Table  3. Developed Concept Label 

No Concept Label 

1 Definition of buffer solutions  
2 Components of the buffer 

solutions 
3 Weak acid 
4 Weak base 
5 conjugate acid 
6 conjugate base 
7 How the buffer solutions works 
8 The Henderson-Hasselbalch’s 

Equation 

 

3.2. Student Misconception Prediction Data 
Collection 

The data collection process consists of two 
steps which are literature study and analysis 
of misconception predictions. Results of 
literature study on misconceptions, 
diagnostic tests two-tier, pictorial test, buffer 
solutions, the study of misconceptions on 
buffer solutions material and test 
development. The data collection stage 
begins with reviewing the contents of the 
buffer solutions material and making a 
concept map. The concept map in Figure 1. 
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Figure 1. Buffer Solutions Concept Map 

 
Furthermore, reviewing the content of the 
material and making a concept map aims to 
obtain a concept label (Table 1) which will be 
used as a reference to produce two-tier 
questions. After that, the prediction data 
collection  This misconception is used for 
distractors at the second layer. A collection of 
students'    misconception    prediction    data  

 
through trials by giving open responses. 
Furthermore, the creation of a misconception 
matrix based on the results of the answers 
from open responses. The label matrix and 
predictions of misconceptions on the buffer 
solutions material are presented in Table 4 as 
follows:

 
Table 4. Concept Label Matrix and Misconception Prediction on Buffer Solutions Material 

Concept Label Concept Misconception Prediction 

Definition of 
Buffer solutions 

A buffer solutions is a solution 
consisting of a weak acid or a 
weak base and its salt; the 
component must always be 
present in a buffer solutions. 
This solution can maintain pH 
when a small amount of acid 
and base is added. (Chang et 
al., 2008)  . 

1. A buffer solutions is a solution that can 
neutralize the pH. 

2. A buffer solutions is a solution that maintains 
the pH of acids, bases, and water. 

3. A buffer solutions is a solution that stabilizes 
the pH. 

4. A buffer solutions is a solution that is not too 
acidic/alkaline. 

5. A buffer solutions is a solution that buffers so 
that its concentration remains constant. 

Components of 
buffer solutions 

Buffer solutionss are divided 
into two types which are acid 
buffer solutionss and base 
buffer solutionss. An acid buffer 
solutions consists of a weak 
acid and its conjugate base, for 
example, CH3COOH and 
CH3COONa. While the base 
buffer solutions consists of a 
weak base and its conjugate 
acid, for example, NH3 add 
NH4Cl.  (Whitten et al., 2013) 

1. The components of the buffer solutions consist 
of a strong acid and a weak base or a weak 
acid and a strong base. 

2. The components of the buffer solutions 
consisting of H+ and OH- ions. 

3. The components of the buffer solutions consist 
of a strong acid and its conjugate base or a 
strong base and its conjugate acid. 

4. The components of the buffer solutions consist 
of a strong acid, a weak base, and water. 

5. The components of a buffer solutions consist 
of a strong acid, a weak base, salt, and water. 
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Concept Label Concept Misconception Prediction 

Weak Acid Acids that only partially ionize 
in water  (Chang et al., 2008) 

1. Weak acids are acids that have a pH of less than 
7. 

2. A weak acid is an acid that has more than one 
H+ ion from its conjugate base. 

3. Weak acids are acids that do not ionize 
significantly. 

4. Weak acids are acids that have a lot of H+ 

ions and can react with water. 
5. An acid that has an excess of hydrogen ions. 

Weak Base Bases that only partially ionize 
in water  (Chang et al., 2008) 

1. Weak bases are bases that have a pH of less 
than 7. 

2. A weak base is an acid that has one more OH- 
ion than its conjugate acid. 

3. Weak bases are bases that do not ionize 
significantly. 

4. A weak base is a base that has a lot of OH- ions 
and can react with water. 

5. An acid that has a deficiency of hydrogen ions. 
Conjugate Acid The species formed after a base 

accepts H+ ion  (Chang et al., 
2008) 

1. Conjugate acid is a solution that accepts 
H+  and OH-  ions of a weak acid or weak base. 

2. A conjugate acid is a compound that results 
from the decomposition of a base salt. 

3. A conjugate acid is an acid that releases H+ ions. 
4. Conjugate acid is the product of an acid and a 

base solution. 
5. A conjugate acid is a compound formed from a 

weak base. 
Conjugate Base The species formed after the 

acid releases H+ ion  (Chang et 
al., 2008) 

1. Conjugate Base is a solution that received 
H+  and OH-  ions from a weak acid or weak 
base. 

2. The conjugate base is a compound resulting 
from the decomposition of acid salts. 

3. Conjugate Base is compound the excess of two 
H+ ions. 

4. Conjugate Base is a Base that releases H+ ions. 
5. A conjugate base is an acid that is formed 

between an acid and a base solution. 
6. Conjugate Base is a compound produced from 

a weak acid. 
How Buffer 
solutionss Work 

The buffer solutions must have 
a sufficiently high acid 
concentration to react with the 
OH- ion when a base is added 
and must have a sufficiently 
high acid concentration to react 
with H+ ion when adding acid. 
When a small amount of acid is 
added, the H+ ion will react with 
the conjugate base, and when a 
small amount of base is added, 
the OH- ion will react with the 
acid to be neutralized (Chang et 
al., 2008) 

1. Solution buffer can maintain pH by maintaining 
components. 

2. Solution buffer can maintain pH by maintaining 
its concentration. 

3. Solution buffer can maintain pH using the role 
of the conjugate, which is neutral. 

4. Solution buffer can maintain the pH because 
the buffer concentration is large. 

5. Solution buffer can maintain pH due to 
neutralization 
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Concept Label Concept Misconception Prediction 

Hendersen and 
Haselbalch’s 
Equations 

pH = pKa + log 
 [conjugate base] 

 [weak acid]
 

(Chang et al., 2008) 

1. pH cannot be equal to pKa. 
2. pH could be the same with pKa when the 

concentrations of the acid and base are the 
same. 

 
The development of two-tier diagnostic test 
items obtained 25 items covering eight 
concepts in the buffer solutions material.    

 
The concept labels and the number of items 
developed from each concept label are 
presented in Table 5. 

 
Table  5. Concept Label and Number of Questions Developed 

No Concept Label Number of Questions 

1 Definition of buffer solutions  7 

2 Components of the buffer solutions 5 
3 Weak acid 2 
4 Weak base 2 
5 conjugate acid 1 
6 conjugate base 2 
7 How the buffer solutions works 3 
8 The Henderson-Hasselbalch . Equation 3 

 
3.3. The Key to Determining 

Misconceptions 
To make it easier to identify students' 
misconceptions on the buffer solutions 
material, the items are arranged into a key of 
determination. The key of determination is a 
way or step to identify students' 
misconceptions based on the response 
pattern of students' answers. pictorial-based 
two-tier multiple-choice misconception 
diagnostic test  which was developed 
consisted  of  four  answer  choices  at  the  first  
layer and four choices of reasons at the 
second layer, so that there were 16 patterns 
of student response responses to each item 
as shown in Table 6 below. 
 
Table  6. Stude on Each Item 

The Choice on 
The Second 

Tier 

Options on  Tier  First 

A B C D 

i A.i A.ii A.iii A.iv 

ii B.i B.ii B.iii B.iv 
iii C.i C.ii C.iii C.iv 
iv D.i D.ii D.iii D.iv 

 
Based on the response pattern of students' 
answers, a key to the determination of 
students' misconceptions is made on the 
buffer solutions material shown in Table 4.  

 
 
Then an analysis was carried out on the 
students' answers and the calculation of the 
response patterns chosen by the students for 
each item. The pattern of answers is expressed 
in the form of proportions with the Eq. (2): 
 

Percentage = 
 The number of certain pattern 

 Total students
 x100% (2) 

After calculating the percentage of student 
answers, students' answers were categorized 
by their level of understanding. The 
categorization of students' understanding is 
shown in Table 7 below. 
 
Table 7.  Categorization           of         Students'  

Understanding 
Student answer  

Category 
First Tier Second Tier 
Correct Correct Understanding 
Correct Unanswered Partial 

Understanding Unanswered Correct 
Correct Wrong 

Misconception Wrong Correct 

Wrong Wrong 
Wrong Unanswered 

No 
Understanding 

Unanswered Wrong 
Unanswered Unanswered 
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The misconception was said to be significant if 
it was found at least > 10% of the total 
student sample, then select the response that 
had the largest percentage (Tan et al., 2005) 

 

3.4. Validity And Reliability 
Determination of the quality of the 
developed test is done using validity and 
reliability tests. The validity test is carried out 
using the CVR method (Content Validity 
Ratio). The reliability test was carried out 
using the Cronbach alpha method. The 
following is a further explanation regarding 
the validity and reliability of the developed 
test. 
 
3.4.1. Validity 
The validity test carried out is the content 
validity test using the CVR (Content Validity 
Ratio) method. Content validity test is done 
through “judgment" consideration of five 
validators consisting of four chemistry 
lecturers and one chemistry teacher. Each 
question item is calculated its CVR value 
using the Lawshe formula. The minimum 
value of CVR with five validators is 0.99, 
according to Table 1. 
 
This CVR value is used to determine whether 
or not each item is valid. The item is said to 
be valid in terms of content validity if it has a 
CVR value equal to or greater than 0.99 (CVR 
≥ 0.99), whereas if the item has a CVR value 
less than 0.99 (CVR < 0.99), then the item is 
said to be invalid in terms of content validity.  
 
Based on the results of the calculation of 
items that have a CVR value equal to one as 
many as 24 questions. At the same time, one 
other question has a CVR value equal to 0.2. 
A CVR value equal to one was obtained 

because the five validators stated 
"appropriate." Thus, based on the provisions 
of the minimum CVR value for the number 
of validators of five people (CVR ≥ 0.99), 24 
questions were declared accepted or valid in 
terms of content validity, while one question 
was declared rejected or invalid (CVR < 0.99) 
in terms of content validity 
 
In addition to calculating the CVR value for 
each item, the Content Validity Index (CVI) 
value calculation which states the overall 
test quality, is also carried out. The CVI value 
is the average of the CVR values. (Polit et al., 
2007)  the minimum CVI value for the 
number of validators of five people is 0.80. 
Based on the calculation results obtained a 
CVI value of 0.968. This means that the 
overall test developed is valid in terms of 
content validity because it has a value 
greater than the minimum CVI value (CVI ≥ 
0.80). The CVI value is calculated using the 
following equation: 
 

CVI =  Total CVR value 

 Total questions 
 =  24.2 

 25 
 = 0.968 

 
After knowing the results of the validation 
and suggestions given by all validators, the 
next step is to revise the questions that are 
declared valid.  The following are examples 
of validation results for the example of 
question has a CVR value equal to one in 
Figure 1 and the question has a CVR value 
equal to 0.2 in Figure 2. 
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Figure 2. The Example of Question has a CVR Value Equal to One 

 

 
Figure 3. The Question has a CVR Value Equal to 0.2 

 
3.4.2. Reliability 

Based on the results of the validation 
test, as many as 24 questions that were 
declared to meet the eligibility criteria or 
were  valid  in  terms  of content validity, then 

 
they were used for reliability testing. At the  
same time, one invalid question is reduced 
from the test.  
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The calculation of the reliability value was 
carried out using the Cronbach alpha 
method. Based on the result calculation, the 
user device soft  Statistical Package for 
Social Sciences  (SPSS) version 21.0 resulted 
in a reliability value of 0.827. Based on Table 
2 regarding the reliability criteria, the 
Pictorial-based Two-Tier Multiple Choice 
Misconception Diagnostic Test on the Buffer 
solutions Material that was developed is 
included in the good category because it is 
in the range of 0,8 ≤ α < 0,9 (Gliem & Gliem, 
2003).   
 

4.  Conclusion 
 
Based on the content validity test using the 
CVR method, 24 items meet the content 
validity criteria. Based on the reliability test, 
Cronbach's Alpha value is 0.827 which 
indicates that the developed test is included 
in the acceptable category. It can identify 
high school students' misconceptions about 
the buffer solutions material because the 
presence of pictures can help students 
understand the problems in the problem, 
especially in the buffer solutions material, 
and can provide an overview of their mental 
representations so that misunderstandings 
occur. revealed more deeply. 
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