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Abstract: This study aims to determine the validity of the five-tier diagnostic 
instrument. Empirical validation tests were carried out to identify the items' 
difficulty level, the different power of the items, the percentage of distractor 
effectiveness, and test the validity and reliability of the items. The results show 
that the five-tier diagnostic test instrument is feasible and valid to use by 
looking at the test difficulty level, discriminating power, distractor 
effectiveness, item validity, empirical validity, and reliability test. The 
difficulty level of the questions is included in the average level of easy 
difficulty at Tier A and Tier R. In contrast, and the Multiple representatives 
are included in the medium level of difficulty. The average results at Tier A, 
Tier R, and Multiple Representative in the differential power test have 
sufficient differential power. 
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Introduction  
 

The reaction rate is part of an abstract chemical 
concept, so it often makes it difficult for students to 
understand this concept (Nazar et al., 2013). These 
difficulties can cause students to experience 
misconceptions about the reaction rate material. In 
Sinaga's research (2006), it was stated that almost half of 
the students experienced difficulty understanding the 
influence of catalysts and temperature on reaction rates 
(Sinaga, 2006).  

A misconception is a condition where there is a 
misunderstanding of the correct concept in a scientific 
study. An understanding that is inconsistent with or 
erroneous with scientific concepts but is believed to be 
true by students indicates misconceptions among 
students (Habiddin & Page, 2019a; Jusniar et al., 2020; 
Widarti et al., 2017). This misconception often occurs in 

chemistry lessons because students consider chemistry 
difficult and abstract. 

Misconceptions can also cause students to be left 
behind in learning in class. The lag is because chemicals 
are closely related to other chemicals. Misconceptions in 
chemistry lessons are fatal because concepts in 
chemistry are interrelated with one another. If there is a 
misconception or concept error at the beginning of 
learning, that will affect subsequent learning. In 
addition, misconceptions will result in low student 
abilities and failure to achieve mastery  (Nazar et al., 
2013). 

Identifying misconceptions can be used in various 
ways. A diagnostic test can determine students' 
understanding and knowledge in understanding the 
reaction rate material (Anam et al., 2019). Diagnostic test 
instruments commonly used in science education 
include concept maps, open-ended questionnaires, 
pictures, word associations, interviews, multiple-choice 
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tests, and two-tiered, three-tiered, and four-tiered 
multiple-choice tests. four-tier (Habiddin & Page, 2019; 
Hakimah et al., 2021; Qodriyah et al., 2020). These 
weaknesses will be given appropriate treatment and 
appropriate follow-up. In research from Qodriyah et al. 
(2020) regarding student misconceptions, a multilevel 
diagnostic test was carried out, and their answers were 
analyzed and categorized based on their level of 
understanding. The results show a misconception of 
29.8%, or it can be said that misconceptions in this class 
fall into the low category (Qodriyah et al., 2020). 

A diagnostic test instrument is a type of instrument 
that detect student errors to be used as material for 
improvement in learning on that material. Diagnostic 
instruments use tests and non-tests  (Ardiansah et al., 
2017). Weaknesses and strengths possessed by students 
can be known through the results of diagnostic tests that 
have been carried out. These weaknesses will be given 
appropriate treatment and appropriate follow-up. 

This research develops a four-tier diagnostic test 
instrument on the material of reaction rate by adding 
one-level questions, which is then called a five-tier 
diagnostic test instrument. This test instrument can 
analyze the profiles of multiple representations of 
students and sources of information used to answer 
questions. The profile of the multiple representations of 
the students is obtained from the results of the student's 
answers in the form of an overview related to the 
multiple representations. Drawing instruments need to 
be added to diagnostic instruments because drawing is 
a powerful way to think and communicate in any field 
of science. Besides that, drawing is a processing ability 
that is a part of science to make hypotheses, design 
experiments, visualize and interpret data, and present 
results (Ainsworth et al., 2011; Quillin & Thomas, 2015). 
Moreover, drawing is a constructive and motivating 
activity because drawing is a combination of the use of 
hands and mind (Anam et al., 2019). This drawing 
instrument was modified with a four-tier diagnostic test 
instrument to produce a five-tier diagnostic test 
instrument. 

 

Method  
 

This study is a quantitative analysis that aims to 
determine the feasibility of the five-tier diagnostic test 
items. The population in this study were students of 
class XI and XII Science public high schools who had 
completed learning chemistry on the subject of reaction 
rates. 

The instrument compiled and developed is a five-
tier diagnostic test instrument. The number of questions 
compiled is 15 questions. The instrument was then 
validated before being used to collect research data. In 
addition to the five-tier diagnostic test, the instrument 

used interviews, which can be conducted to support 
research data. 

Empirical validation tests were carried out to 
identify the items' difficulty level, the different power of 
the items, the percentage of distractor effectiveness, and 
test the validity and reliability of the items. An empirical 
validation test was carried out using SPSS 16.0 software. 
The results of the empirical validation test become the 
basis for revising the questions in the five-tier diagnostic 
instrument prototype. The revisions will produce the 
final product of a five-tier diagnostic instrument on 
reaction rate. 
 

Result and Discussion 
 

Quantitative analysis was carried out using the 
SPSS 16.0 program. The program automatically analyzes 
the difficulty level, discriminating power, distractor 
effectiveness, item reliability, and other statistical data. 
The results of the analysis of the test instrument at the 
difficulty level of the items can be seen in Table 1.  

Based on the table 1, a total of 15 questions were 
analyzed to determine the difficulty level of the items. 
These questions are included in the average easy 
difficulty level at Tier A and Tier R, while the Multiple 
representations are included in the medium difficulty 
level. Magdalena et al. (2021) said that the difficulty level 
of the questions needs to be seen from the student's 
ability to answer the questions given, not from the 
perspective of the teacher who created the questions  
(Magdalena et al., 2021). The average value of the 
difficulty level can show that, overall, the questions on 
the instrument have fulfilled the difficulty requirements, 
and students can answer them well. According to 
Arikunto (2009), a good question is relatively easy 
(Arikunto, 2009). 
 

Table 1. Item Difficulty Level 
Question 
Number 

Tier A Tier R Representative 

1 0.94 0.72 0.98 
2 0.94 0.94 0.92 
3 0.92 0.94 0.82 
4 0.90 0.80 0.34 
5 0.56 0.66 0.48 
6 0.90 0.86 0.20 
7 0.92 0.96 0.76 
8 0.90 0.88 0.34 
9 0.92 0.72 0.04 
10 0.54 0.96 0.05 
11 0.90 0.94 0.56 
12 0.94 0.88 0.38 
13 0.66 0.76 0.24 
14 0.54 0.80 0.88 
15 0.90 0.90 0.32 
Average 0.83 0.85 0.49 
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Based on the table 1, it can be seen that multiple 
representations have lower scores compared to Tier A 
and Tier R. This is because students know more about 
the answers to each question and can give a reason. 
However, they cannot explain it in multiple 
representations. Habidin & Page (2019) research said 
that students answering Tier A could only use their 
content knowledge, while to answer Tier R, they need 
good conceptual knowledge (Habiddin & Page, 2019b). 
line with Atikah's research (2020), those with good 
content and conceptual understanding can answer the 
questions correctly (Atikah, 2020). 

Discriminating power analysis is used to examine 
test questions from the aspect of the ability of the test to 
distinguish students who fall into the low and high 
categories (Magdalena et al., 2021). The higher the value 
of the discriminating power of the items, the better it will 
be in distinguishing the abilities or achievements of 
students. A high discriminating power value indicates 
better item quality in identifying students between high 
achievers and achievers (Jusniar et al., 2020). The 
average Tier A, R, and Multiple Representative results 
have sufficient discriminating power. It shows that half 
of the items on the five-tier diagnostic instrument are 
good enough to differentiate students' abilities or 
achievements. There are items with very different power 
values compared to the others, namely at number 15. 
Tuckman & Harper (2012) suggested that a value of DI 
above 0.20 is useful (Tuckman & Harper, 2012). 

The effectiveness of the distractor is a parameter to 
determine whether the distractor or the wrong answer is 
functioning effectively or not. The distractor must be 
chosen by at least one student so that the distractor used 
in the question item can be seen properly. A good 
distractor is a distractor that at least 5% of students 
choose; otherwise, it is considered a bad distractor 
(DiBattista & Kurzawa, 2011). This parameter also 
determines students' low conceptual understanding due 
to choosing the wrong answer or reason (Habiddin & 
Page, 2019b). 

Table 2. Index Driscrimination 
Question 
Number 

Tier A Tier R Representative 

1 0.10 0.50 0.05 
2 0.10 0.10 0.18 
3 0.20 0.10 0.18 
4 0.20 0.40 0.23 
5 0.50 0.30 0.41 
6 0.20 0.10 0.27 
7 0.20 0.00 0.27 
8 0.20 0.30 0.14 
9 0.20 0.50 0.09 
10 0.60 0.00 0.41 
11 0.20 0.10 0.32 
12 0.10 0.30 0.55 
13 0.20 0.20 0.09 
14 0.60 0.40 0.18 
15 0.20 0.00 0.18 
Average 0.24 0.22 0.24 

 
Based on the table above, the effectiveness of distractors 
is known at Tier A; on average, they only choose two 
answer options for each number. The distractor or the 
wrong answer cannot function properly in the two 
options not selected because less than 5% or none of the 
students chose that answer. However, in numbers 13 
and 14, only one distractor needs to be fixed. Whereas in 
number 11, number 12, and number 15, the wrong 
answer option can function properly because the value 
of the effectiveness of the distractor is more than 5%, 
meaning that it qualifies as a distractor. The distractors 
not selected by the Testee will be reconsidered. When 
deciding whether a question should be revised or 
replaced, the values of all parameters must be 
considered. In some circumstances, even questions with 
bad distractors can be defended because the main 
purpose of this instrument is to identify students' 
understanding, not discriminate between low-achieving 
students (Suruchi, S., and Rana, 2014). 

 

Table 3. Distractor Effectiveness 
Tier Options 1 2 3 4 5 

A A - 6.00% - - - 
B 6.00% - 8.00% 10.00% 56.00% 
C 94.00% - 92.00% 90.00% 44.00% 
D - 94.00% - - - 

Tier Options 6 7 8 9 10 
A A 90.00% - 10.00% - - 

B 10.00% 92.00% 90.00% 8.00% 54.00% 
C - - - 92.00% 46.00% 
D - 8.00% - - - 

Tier Options 11 12 13 14 15 
A A 90.00% 94.00% 12.00% 18.00% 90.00% 

B 10.00% 6.00% 22.00% - 10.00% 

C   66.00% 28.00%  

D   - 54.00%  
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After validating the contents of the items obtained from 
the validator's assessment, 3 experts/validators 
consisted of 2 lecturers majoring in chemistry at Malang 

State University and 1 teacher from SMA Negeri 3 
Sidoarjo, as can be seen in the following Figure 1. 

 

 
Figure 1. The Average Result of the Validation Percentage of the Item Content 

 
Based on the figure 1 shows that the results of validating 
the contents of the item items carried out by the 
validator, as many as 15 questions can be said to be 
valid. Borich (1994) argues that R ≥ 75% can be classified 
as a good percentage of agreement by the validator 
(Borich, 1994). This event occurs because the lowest 
average percentage is 89% and can still be said to be 
valid. 

The validity test was performed using Product 
Moment Pearson Correlations (Bivariate Pearson) 
analysis. According to Kimberlin & Winterstein (2008), 
validity refers to whether the information obtained from 
a test represents the true understanding of the examinee. 
The item's validity is indicated by the value of the 
Pearson correlation index (r count) (Kimberlin & 
Winterstein, 2008). Based on the table above, most items 
can be said to be valid. The item's validity is closely 
related to the index of discrimination or discriminating 
power because if the item can distinguish high and low-
achieving students, it means that the item has been 
trusted to measure conceptions (Jusniar et al., 2020) . 
Another possible reason for the invalidity of question 
number 15 is that even though it is invalid, the item 
remains positive, so it can still be used by revising the 
language of question number 15 because it is likely 
caused by the language of the question, which is difficult 
for students to understand. 
Relevant research on empirical validation tests written 
by Putri & Ernawati (2021) shows valid results because 
Rxy, compared to Rtable, produces Rxy > Rtable at a 
significance of 5%. By comparing the rxy and rtable 
values, it is found that the sixteen items in the Final Draft 

are valid, considering that the rxy > rtable values (Putri 
& Ermawati, 2021). 
 
Table 4. Empirical Validation  
Question 
Number 

Tier A Tier R Representative 

1 0.000 0.000 0.769 
2 0.003 0.011 0.234 
3 0.001 0.002 0.000 
4 0.000 0.000 0.000 
5 0.007 0.000 0.000 
6 0.000 0.033 0.000 
7 0.008 0.014 0.000 
8 0.013 0.641 0.000 
9 0.001 0.000 0.000 
10 0.001 0.000 0.000 
11 0.000 0.641 0.000 
12 0.000 0.002 0.000 
13 0.044 0.000 0.000 
14 0.001 0.079 0.000 
15 0.024 0.899 0.000 

 
Table 5. Reliability Test (Cronbach Alpha) 
N Tier A Tier R Representatives 

15 0.707 0.664 0.957 

 
The reliability test refers to the scoring of the items. 

The calculation to determine the instrument's reliability 
uses Cronbach's Alpha with a significance value of 5%. 
To get the correct data with conclusions that follow the 
actual situation, we need an instrument that is valid and 
consistent, and precise in providing (reliable) research 
data (Yusup, 2018). At Tier A, Cronbach's alpha 
coefficient is 0.707; at Tier R is 0.664; at Multiple 
representations is 0.957. The reliability results show that 
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the five-tier diagnostic instrument on multiple 
representatives has very high criteria or is very reliable. 
Meanwhile, Tier A and Tier R have sufficient criteria. 
The item items have been tested for reliability based on 
the data above. According to Creswell (2012), the test 
instrument results have internal consistency or high 
regularity (Creswell, 2012). This is supported by 
research from Utari & Ermawati 2018 regarding the 
development of a four-tier misconception diagnostic test 
instrument with a reliability test result of 1.067, which is 
in the very reliable category (Utari & Ermawati, 2018). 
 

Conclusion  

 
Based on the research results above, the five-tier 

diagnostic test instrument is feasible and valid to use by 
looking at the test results of difficulty level, 
discriminating power, distractor effectiveness, item 
validity, empirical validity, and test reliability. The 
difficulty level of the questions is included in the average 
level of easy difficulty at Tier A and Tier R. In contrast; 
the Multiple representatives are included in the medium 
level of difficulty. The average results at Tier A, Tier R, 
and Multiple Representative in the differential power 
test have sufficient differential power. The effectiveness 
of the distractor at Tier A, on average, only chooses two 
answer options for each number because less than 5% of 
students choose those answer options, and no one even 
chooses them. In the Tier A reliability test, Cronbach's 
alpha coefficient is 0.707; at Tier R is 0.664 and at 
Multiple representatives is 0.957, so it can be said that 
the five-tier diagnostic test has been tested for its 
reliability. 
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