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Abstract: The aim of this research is to analyze the validity, reliability, level of 
difficulty and differentiating power of understanding test items, especially on 
the temperature, heat and expansion topic that has been developed. The test 
items consist of 20 multiple choice questions which refer to cognitive process 
of understanding according to Revised Bloom’s Taxonomy. The subjects of 
this research were 31 students in class VIII of junior high school. Before being 
tested on students, the understanding test items were evaluated by 5 experts. 
The method used to analyze validity, reliability, level of difficulty and 
differentiating power of items is the Rasch model using MINISTEP 
software version 4.3.1. The results of the analysis show that the 
understandingtest items on temperature, heat and expansion can be used to 
test students' understanding. Validity analysis results using item fit criteria 
with output in the form of MNSQ and ZSTD values.  Meanwhile, the value of 
reliability item of 0.88 indicates that the quality of the items in 
the understanding instrument is included in the good category. On the other 
hand, the distribution of the difficulty level of items is uneven, there are more 
items in the difficult category than items in the easy category. However, 10 
items have a differentiating power of more than 0.40 which is included in the 
very good category, so that they can differentiate students with high and low 
understanding very well.  
 
Keywords: Expansion; Heat; Rasch analysis; Temperature; Understanding 
test 

  

Introduction 
 
Understanding 

Understanding is a form of learning outcome that a 
level higher than knowledge, regarding ability to 
capture the meaning or essence of what is learned or 
encountered. Understanding is a process or method that 
aims to make someone understand or know about 
something. In learning science, we need to understand 
concepts. Students' understanding of concepts can be 
used to complete something problems related to the 

concept at hand. Conceptual understanding involves 
applying previously known explanations to new 
situations (Montfort et al., 2009; Al-Mutawah et al., 2019; 
Tan et al., 2020).   A deeper understanding of a concept 
is achieved when students apply it in different 
situations, describe or define it in their own words, 
create a model of it, or find an appropriate metaphor for 
it (Slotte & Lonka, 1999; Idris, 2009; Konicheck-Moran et 
al., 2015). Conceptual understanding is the actual ability 
achieved by students after experiencing a learning 
process over a certain period of time. Conceptual 
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understandingwill be continuous or interconnected 
between one concept and another, therefore conceptual 
understandingis very important in learning process.  

In the Revised Bloom's Taxonomy, the level of 
understanding is one level higher than knowledge. 
Understanding includes the ability to: interpret, give 

examples, summarize, conclude, compare, and explain 
(Anderson et al., 2001; Forehand, 2010; Setiani et al., 
2019; Bernardo et al., 2015; Cetin-dindar, 2015). Next, the 
revised bloom’s taxonomy dimension indicators 
(Anderson & Krathwohl, 2001) can be seen on Table 1.  

 
Table 1. Dimension Indicators of the Revised Bloom's Taxonomy 
Cognitive Level Cognitive Process Indicators 

Remember recognizing Gaining knowledge of a given phenomenon 

recalling Express knowledge already possessed from long-term memory 
Understand interpreting Interpret information from a demonstrated phenomenon 

exemplifying Find specific examples or illustrations of concepts 
summarizing Summarize general themes or important points 

inferring Draw logical conclusions from the information provided 
comparing Detecting correspondence between two ideas and objects 
explaining Building a cause and effect system 

apply executing Apply concepts using mathematical formulations 
Applying concepts in a graph 

Using mathematical formulations to apply a concept 
implementing Applying concepts to a particular substance 

Determine the application of concepts based on appropriate phenomena 
Apply the concepts you have 

analyze differentiating Distinguish relevant information to complete a given statement 
organizing Organizing the concept of a problem or phenomenon 
attributing Refers to viewpoints, biases, values, and goals 

evaluate checking Checking the truth of a statement 
critiquing Detect inconsistencies and compatibility between products and external criteria and 

procedures 
Create generating Generate alternative hypotheses based on criteria 

planning Design procedures to complete tasks 

producing Creating products 

 
Understanding Test Instrument 

One of the tendencies that causes students to fail in 
doing science questions well is because students have 
difficulty understanding concepts and do not use good 
reasoning in solving the questions or tests given. Due to 
this fact, schools should play a role in helping solve the 
problems faced by students because understanding 
concepts is a very important aspect in the principles of 
science learning (Mutmainna at al., 2018; Suwarto, 2013; 
Widdiharto, 2008). Students who have a proper 
understanding of concepts will be able to give examples, 
compare, explain, draw conclusions, solve scientific 
problems and be able to see the relationship between 
science and other fields of science (Radiusman, 2020; 
Oglivie, 2009). A person is said to understand if he can 
explain or re-explain the essence of the material or 
concept he obtained independently (Alan & Afriansyah, 
2017; Cheriani et al., 2015; Bayuningsih et al., 2017; 
Marlina et al., 2018; Oglivie, 2009; Syarif et al., 2019). One 
way to find out students' understanding of concepts is 
to use diagnostic tests. Diagnostic tests are tests that can 
be used to detect the presence or absence of several signs 
(understanding the concept, misconceptions, not 
understanding the concept) (Hidayati et al., 2019; 

Fitrianingrum et al., 2017; Caleon et al., 2010; Wiyono et 
al., 2016; Syahrul et al., 2015; Nursalam, 2016; Eryilmaz, 
2010; Laksono, 2020; Kirburut, 2014).  

Diagnostic tests function to determine students' 
strengths and weaknesses when learning something, so 
that the results can be used as a basis for providing 
follow-up. This test can consist of a number of questions 
or requests to perform something. The purpose of 
diagnostic tests is to see student learning progress 
related to the process of finding student weaknesses in 
certain material. The approach taken by teachers in 
diagnosing student learning difficulties varies, 
depending on the learning difficulties faced by students 
(Rusilowati, 2015).  

There are several diagnostic test instruments that 
can be used, namely interviews, open questions, concept 
maps, and description or multiple choice tests (1). Of the 
four diagnostic tools, multiple choice tests are very 
suitable for measuring students' level of understanding 
of concepts. Multiple choice tests are an appropriate 
choice to measure students' understanding of the 
material being studied. Multiple choice tests have 
several advantages, namely they are time efficient, can 
be used to measure large numbers of test takers, and are 
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easy to score because they are objective (Murti et al., 
2018). 
 
Temperature, Heat, and Expansion 

Temperature, heat, and expansion are materials 
studied by students from elementary school to 
university level. In everyday life, temperature is a 
measure of how hot or cold a substance or object is. A 
hot oven is said to have a high temperature, while frozen 
ice is said to have a low temperature (Idawati et al., 
2016). Heat is a form of energy that can move from a 
higher temperature object to a lower temperature object 
(Yanti et al., 2014). Expansion is a physical change in an 
object due to the object receiving heat or warmth. One of 
these physical changes is a change in the volume of an 
object. In general, objects will increase in volume if they 
receive heat.  Changes in the volume of an object are 
directly proportional to changes in temperature 
(Endaryono et al., 2023). The material on temperature, 
heat and expansion is given specifically to junior high 
students with the application of the concepts in 
everyday life. In general, the subject of temperature, heat 
and expansion is divided into four parts, namely 
temperature, expansion, heat which can affect the shape 
of objects, Black's principle and heat transfer (Sofianto et 
al., 2020).  

The material on temperature, expansion and heat is 
one of the difficult materials in science learning, but if 
this material is prepared in the form of interesting media 
and learning methods, it can improve the skills that 
students must have in the 21st century (Supriyadi et al., 
2021). The topic of temperature, expansion and heat is 
also one of the topics where there are many 
misconceptions. Students' misconceptions also occur a 
lot in everyday life and students don't realize it, such as 
students equating heat with heat, heat with energy, cold 
is not part of heat and there are many physics 
misconceptions that students don't realize (Sofianto et 
al., 2020). Based on the results of research (Lestari et al., 
2017), on the concept of temperature, the average 
student who experienced misconceptions was 11.53%, 
where students thought the temperature of an object was 
proportional to the mass of the object. In the concept of 
heat, the average student who experiences 
misconceptions is 16.44%, where students think that heat 
is energy that flows from one energy to another. Also, 
regarding the concept of expansion, the average student 
who experienced misconceptions was 8.61%, where 
students thought that the diameter of an object decreases 
when it expands.  
 

 
 
 

Method  
 

To test students' understanding, the written test 
items were developed in the form of 20 multiple choice 
questions. The test item developed is based on Revised 
Bloom’s Taxonomy. The written test developed contains 
questions related to temperature, heat and 
expansion.  After understanding test items has been 
developed, the next stage is expert validation by 
5 evaluators (lecturers and teachers) to find out whether 
the items are suitable for use or  not, or suitable for use 
after several revisions. Then, after revisions have been 
made according to the evaluator's suggestions, the items 
can be tried out on students who have learned about 
temperature, heat and expansion. The subjects of this 
research were 31 junior high school students. The results 
were then analyzed for validity, reliability, level of 
difficulty and differentiating power. The test results 
were then calculated using the Rasch model 
using MINISTEP 4.3.1 software. 

In this research, the validity of the items is seen 
from the score outfit mean square (MNSQ) and Z-
standard outfit (ZSTD). The values received can be seen 
in Table 2. 

 
Table 2. MNSQ and ZSTD Criteria (Sumintono et al., 
2015) 
Outfit Value received 

MNSQ 0.5 < MNSQ < 1.5 
ZSTD -2.0 < ZSTD < +2.0 

 
Test reliability is related to the problem of the 

certainty of test results, where a test can be said to have 
a high level of confidence if the test can provide constant 

results. Rasch analysis can display values, personal 
reliability and Cronbach alpha. The interpretation of 
person reliability score can be seen in Table 3 and the 
interpretation of Cronbach alpha can be seen in Table 3 
(Sumintono & Widhiarso, 2015).  
 
Table 3. Interpretation of Person Reliability Score 

r Interpretation 

r ≥ 0.94 Excellent 

0.90 ≤ r < 0.94 Very good 

0.80 ≤ r < 0.90 Good 

0.67 ≤ r < 0.80 Enough 

r < 0.67 Weak 

 
Table 4. Interpretation of Cronbach Alpha Score 

α Interpretation 

α ≥ 0.80 Very good 

0.7 ≤ α < 0.8 Good 

0.6 ≤ α < 0.7 Sufficient 

0.5 ≤ α < 0.6 Bad 

α < 0.5 Very Bad 
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Differentiating power shows the ability of item to 
differentiate students with high ability and students 
with low ability. Rasch analysis provides information 
point-measure correlation (PTMEASURE-AL COOR) to 
identify the differentiating power of items. The 
interpretation can be seen in Table 5. 

 
Table 5. Interpretation of PTMeasure-Al Coor 

PTMEASURE-AL COOR (ID) Interpretation 

ID > 0.40 Very good 

0.30 < ID ≤ 0.40 Good 

0.20 < ID ≤ 0.30 Not Good 

ID ≤ 0.19 Poor 

 
Meanwhile, the level of difficulty is seen from the 

JMLE MEASURE score, where the interpretation can be 
seen in Table 6. 

 
Table 6. Interpretation of the Level of Difficulty 
Level of Difficulty (TK) Interpretation 

TK > 2.01 Very Difficult 

0.00 < TK ≤ 2.01 Difficult 

-2.01 < TK ≤ 0.00 Easy 

TK ≤ -2.01 Very Easy 

 

Result and Discussion 
 

In the independent curriculum, the expected 
learning outcomes on the topic of temperature, heat and 
expansion are that students can measure the amount of 
temperature caused by the heat energy provided, as well 
as being able to differentiate between insulators and heat 
conductors. The learning objectives for the topic of 
temperature, heat and expansion, which are included in 
the scope of energy content and its changes, include: (1) 
Understand the concept and measure the difference in 
temperature of an object, (2) Describe the difference in 
temperature and heat, (3) Mention objects that have a 
high specific heat, (4) Calculate the heat needed for an 
object to increase its temperature, (5) Explain the 

meaning of expansion, and (6) Mention examples of 
expansion that occur in the surrounding environment. 
The understanding test instrument developed consists 
of 20 multiple choice questions. In the initial stage of 
instrument development, a question construction design 
is created, as in Table 7. 

 
Table 7. Construction of Understanding Test Questions 
Question Construction Question Number 

Descriptor Option 

Statement Symbol 5,11 
Statement Statement 6,10,14 
Statement Figure 2,13 
Statement Graph 18 
Statement-Table Graph 15 
Statement-Table Statement 1,3,16 
Statement-Table Symbol 4,8,12 
Statement-Figure Symbol 7 
Figure statements Statement 9,17,19,20 

 
The understanding referred to in this article is a 

cognitive level that is one level higher than knowledge 
in accordance with Bloom's Taxonomy. Thus, cognitive 
abilities at the level of understanding consist of several 
aspects as in Table 8. 
 
Table 8. Aspects of Understanding 
Aspects of Understanding Question Numbers 

Interpreting 6,15,18 
Exemplifying 2, 11,13 
Classifying 7,8,12 
Summarizing 9,10,20 
Inferring 3,16,19 
Comparing 1,4,5 
Explaining 14,17 

 
After ensuring that the distribution and 

construction of the questions are balanced and represent 
all aspects of understanding, the next step is to create 
indicators of item based on each aspect of 
understanding. This can be seen in Table 9. 

 
Table 9. Indicator of Item 
Aspect  of Understanding Indicator Item Number 

interpreting Translating the meaning of the variables in the equation 𝑄 = 𝑚. 𝑐. ∆𝑡 6 
Interpret the results of temperature observations over time 15 

Representing a phenomenon in the form of a graph of the relationship between 
temperature and volume and density of water 

18 

exemplifying Give examples of objects that are conductors 2 
Illustrate an example of a change in the state of an object from liquid to solid 

(freezing) 
13 

Detect events that change the state of substances that release heat 11 
classifying Categorize materials that are insulators 7 

Classify examples of heat transfer by conduction and convection 8 
Classify the processes of change of form that absorb heat and those that release heat 12 

summarizing Abstracting the main points of the working principle of a thermos 9 
Summarizes information related to heat transfer in everyday life 10 
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Aspect  of Understanding Indicator Item Number 
Provides general ideas regarding the use of land and sea breezes 20 

infering Conclude the results of the experiment on the effect of temperature on the time 
needed to dissolve granulated sugar 

3 

Predict the increase in metal length due to expansion if the metal is heated for a 
certain time 

16 

Draw inferences from experimental results to prove the existence of gas expansion 19 
comparing Map temperature measurement results with the same value based on scale 

conversion 
1 

Matching the results of measuring the temperature of an object using two different 
types of thermometers 

4 

Compare the amount of heat absorbed by two objects given the same treatment 5 
explaining Explain the concepts that apply in the event of heating water until the water turns 

into steam 
14 

Constructing the causes of window glass breaking when the temperature rises 
significantly 

17 

The understanding test items consist of 20 multiple 
choice questions, was tested on 31 students and 
evaluated by five expert evaluators consisting of 
lecturers and science teachers. The results of trials on 
students are then analyzed to identify validity, 
reliability, level of difficulty and differentiating power. 
Validity 

Validity analysis results using criteria fit item with 
output in the form of MNSQ and ZSTD values can be 
seen in Figure 1.  

 

 
Figure 1. MNSQ and ZSTD Scores 

 

Based on the output in Figure 1, the interpretation 
of the validity ofunderstanding test items can be seen in 
Table 10. The items can be said to be fit (suitable) when 
meeting the "accepted" criteria on the fit order. 

A total of 13 items met the MNSQ and ZSTD 
criteria, while 3 items did not meet just one of the 
criteria, so these questions did not need to be changed or 
replaced (they could be used). For item number 5, 10, 
and 20, although the results of the item analysis show 
that these items do not meet the criteria, based on the 
results of expert evaluation, these items are suitable for 
use to identify students' understanding with several 
revisions, so that several changes/improvements are 

made to these items. According to the expert evaluator's 
advice. Expert assessment as an evaluation strategy 
offers many advantages such as high quality of 
responses and the possibility of obtaining extensive 
information regarding the product being tested (Cabero 
& Llorente, 2013; Fernández-Gómez et al., 2020;). Expert 
judgment is sometimes used as the only indicator of the 
content validity of a research instrument (Escobar-Pérez 
et al., 2008). This is because the MNSQ and ZSTD scores 
are obtained based on students' answers which are of 
course influenced by other factors, so the results of 
expert evaluations also have a very important role. 
 
Table 10. Interpretation of the Validity of 
Understanding Test Questions 
No. MNSQ 

score 
ZSTD 
score 

MNSQ ZSTD 

P1 0.42 -1.59 Not Accepted Accepted 
P3 1.39 0.85 Accepted Accepted 
P4 0.77 -0.53 Accepted Accepted 
P5 6.29 2.46 Not Accepted Not Accepted 
P6 0.57 -1.03 Accepted Accepted 
P7 1.50 0.77 Not Accepted Accepted 
P8 0.51 -1.26 Accepted Accepted 
P9 1.23 0.54 Accepted Accepted 
P10 9.90 3.22 Not Accepted Not Accepted 
P11 0.68 -0.95 Accepted Accepted 
P12 0.73 -0.78 Accepted Accepted 
P13 0.68 -1.23 Accepted Accepted 
P14 0.58 -1.35 Accepted Accepted 
P15 1.16 0.67 Accepted Accepted 
P16 0.37 -0.27 Not Accepted Accepted 
P17 0.61 -0.84 Accepted Accepted 
P18 1.20 0.68 Accepted Accepted 
P19 1.04 0.23 Accepted Accepted 
P20 1.86 2.19 Not Accepted Not Accepted 

 
Reliability 

To determine the increase in students' 
understanding, an understanding test instrument was 
used that had been validated by experts (three lecturers 
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and two teachers). In this research, reliability analysis 
with Rasch modeling uses the MINISTEP 4.3.1 software 
on the menu output 3.1 summary statistics. The analysis 
results display the values of person reliability and item 
reliability as in Figure 2. 

 

 

 
Figure 2. Person Reliability and Item Reliability 

 
Based on the results of the analysis, cronbach alpha 

score which shows that students' interaction with the 
overall understanding test instrument is 0.75, which is 
included in the good category. Person reliability which 
shows that the consistency of students' answers is 0.71, 
which is included in the sufficient category. Meanwhile 
the item reliability of 0.88 indicates that the quality of the 
items in the understanding instrument is included in the 
good category (Sumintono & Widhiarso, 2015).  
 
Level of Difficulty 

The items in the understanding test instrument can 
be divided into very easy, easy, difficult and very 
difficult categories. The difficulty level of the items is 
seen from the JMLE MEASURE score.  

Mapping the level of difficulty of items can be seen 
in Figure 3. In Figure 3, the right side of the dotted line 
shows the question items and the left side shows the 
students' ability to answer the questions. Positive value 
of“measure”indicates that the question item is classified 
as difficult, while negative value of “measure”indicates 
that the item is relatively easy. So the questions have 
larger measure value indicates that the item has a higher 

level of difficulty. Thus, question items number 1,4,6,8, 
11,12,13,14,15,18,19 are classified as difficult or very 
difficult and the other questions are classified as easy or 

very easy depending on the JMLE MEASURE value of 
each item (JMLE MEASURE values can be seen in Figure 
4). From this mapping, it can be seen that students with 
code 01L can only work on easy questions, while 
students with codes 15P and 23 P can work on questions 
that are classified as difficult (or very difficult) and get a 
high score on the understanding test instrument.  

 

 
Figure 3. Mapping of the level of difficulty of the 

understanding test instrument 

 

 
Figure 4. JMLE MEASURE values on understanding test 

instruments 
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The JMLE MEASURE values obtained are then 
interpreted to determine their meaning. Interpretation of 
the level of difficulty of the items on the understanding 
test instrument can be seen in Table 11. 

 

Table 11. Interpretation of the Level of Difficulty of 
Understanding Test Items 
Number Level of Difficulty Interpretation 

P1 1.91 Difficult 

P2 -4.68 Very Easy 

P3 -1.06 Easy 

P4 1.70 Difficult 

P5 -2.67 Very Easy 

P6 1.91 Difficult 

P7 -2.20 Very Easy 

P8 1.91 Difficult 

P9 -1.84 Easy 

P10 -3.43 Very Easy 

P11 1.50 Difficult 

P12 1.50 Difficult 

P13 0.07 Difficult 

P14 1.50 Difficult 

P15 0.94 Difficult 

P16 -2.67 Very Easy 

P17 -0.85 Easy 

P18 1.50 Difficult 

P19 0.59 Difficult 

P20 -0.28 Easy 

 
Based on Table 11, a trial of the understanding test 

instrument shows that in the test instrument there are 5 
items that are included in the very easy category, 4 items 
that are included in the easy category, and 11 items that 
are included in the difficult category. There are no items 
that are very difficult. On very easy items, most students 

can answer correctly. If you look at the results of 
instrument testing, the distribution of difficulty levels in 
the understanding test items is not evenly distributed 
(the most items are in the "difficult" category). 
Instrument trials were carried out on students who had 
received material on temperature, heat and expansion. 
Apart from the quality of the questions, other factors 
that can influence the results of this trial include the 

condition and characteristics of the students. The trial 
was carried out in the last hour, so some students lacked 
focus. 
 
Differentiating Power 

The differentiating power of items shows the ability 
of the items to differentiate between students with high 
ability and students with low ability.  Mark point-
measure correlation (PTMEASURE-AL COOR) obtained 
from the analysis results using MINISTEP software was 
used to identify the differentiating power of items. 

Figure 5 displays the values of point-measure 
correlation of each item. 
 

 
Figure 5. Point-measure correlation value on the 

understanding test instrument 

 
Question items can be categorized as having 

excellent, good, poor and not good differentiating 
power. Interpretation of the differentiating power of the 
items can be seen in Table 12.  

 
Table 12. Interpretation of the Differentiating Power of 
Understanding Test Items 
Number PTMEASURE-AL  COOR Interpretation 

P1 0.74 Very Good 
P3 0.24 Less Good 
P4 0.52 Very Good 
P5 -0.29 Not Good 
P6 0.68 Very Good 
P7 0.16 Not Good 
P8 0.68 Very Good 
P9 0.15 Not Good 
P10 -0.29 Not Good 
P11 0.64 Very Good 
P12 0.56 Very Good 
P13 0.65 Very Good 
P14 0.69 Very Good 
P15 0.39 Good 
P16 0.37 Good 
P17 0.57 Very Good 
P18 0.35 Good 
P19 0.46 Very Good 
P20 0.06 Not Good 

 
Based on the interpretation in Table 12, there are 10 

items that have very good differentiating power, 
meaning that these items can differentiate students with 
high and low abilities very well. For items with negative 
differentiating power, the items are still used after being 
revised according to the advice of the evaluator (expert). 
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Conclusion 
 

The results of the analysis show that the 
understanding test items on the topic of temperature, 
heat and expansion can be used to test students' 
understanding. Validity analysis results using criteria fit 
items with output in the form of MNSQ and ZSTD 
values.  Meanwhile, the value of item reliability of 0.88 
shows that the quality of the items in the understanding 
instrument is included in the good category. On the 
other hand, the distribution of the level of difficulty is 
uneven, the most questions in the "difficult" category are 
11 questions. However, there are 10 questions that have 
very good differentiating power, meaning that these 
items can differentiate students with high and low 
abilities very well. For items with negative 
differentiating power, these questions can be used after 
being revised according to the advice of the evaluator 
(expert). Instrument trials were carried out on students 
who had received learning abouttemperature, heat and 
expansion. Apart from the quality of the items, other 
factors that can influence the results of this trial include 
the condition and characteristics of the students. The 
trial was carried out in the last hour, so some students 
lacked focus. 
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