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Abstract 
This study aimed to assess high school student’s understanding of Banjarmasin by Rasch modeling, preci-
sely the cognitive aspect. The research method was descriptive with a quantitative approach to assess the 
pattern of reactions and symptoms of Rasch data. According to the research findings, the person reliability 
(students) was +0.66 based on the Rasch modeling analysis, with the criterion satisfactory, indicating that 
the students knowledge was adequate. At the same time, Cronbachs’ alpha score had a value of +0.71 and 
met the criteria of excellent. In addition, the students with the highest level of understanding were coded 
127P12B with a logit value (person measure) of 2.52 and average students with logit value of -0.77 or <0. In 
contrast, the students with low abilities were coded 030P10B and 059L11B (same logit value, -3.27 or <0). 
Other data were INFIT MNSQ and OUTFIT MNSQ (person) with average values of +0.99 and +1.14 (clo-
ser to 1, the better), while the INFIT and OUTFIT ZSTD values were -0.1 and 0.0 respectively (closer to 0, 
better). The most difficult question was Q16, which had a logit score of 1.96; students’ logit values carried 
this question. Students were regarded to have appropriate knowledge even though their ability exceeded the 
problem ability. In conclusion, the Rasch model-based pre-learning evaluation was found to be useful in 
measuring students’ cognitive grasp of chemical bonding material. This study could serve as the primary 
reference for teachers in assessing students’ level of knowledge before they begin learning. In addition to 
interpreting student knowledge through various Rasch data presentations, a study of the structure of questi-
ons with varying difficulty levels could be used to assess the full group of students’ understanding of che-
mistry. 
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1. Introduction 

Assessment in the field of education is a 
process that needs to be carried out by teach-
ers (Sumintono, 2018a). Learning assess-
ment is an activity that is always present in 
the school environment, especially in the 
context of understanding analysis (Barke et 
al., 2012; Mešić et al., 2019; Sumintono & 
Widhiarso, 2015). Without the treatment of 
learning assessment, teachers experience 
difficulties in assessing the progress and de-
velopment of students, so learning assess-
ment becomes essential (Barke et al., 2012; 

Setyaningsih et al., 2022; Sulistyanto et al., 
2022). However, not all assessment forms 
can be representative and follow the goals 
desired by the teacher (Sumintono & 
Widhiarso, 2015). The Rasch model is an 
appropriate measurement technique that 
teachers can use to assess students’ academic 
development (Sumintono & Widhiarso, 
2015; Winarti et al., 2019; Winarti & 
Almubarak, 2019). The main objective of 
this research is to comprehend student re-
sponse patterns through the presentation of 
Rasch statistical data. The response pattern is 
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then analyzed to determine the student’s un-
derstanding of chemical bonding material. 

The rationale for research objectives is 
that many teachers are still unaware of the 
need for conducting assessments before be-
ginning chemistry lessons in class 
(Sumintono & Widhiarso, 2015; Winarti et 
al., 2019). On the other hand, the teacher 
needs to conduct a chemistry learning as-
sessment considering that many students 
have a negative stigma towards chemical 
material, so the Rasch model is essential. In 
terms of assessment application, the Rasch 
model is not intended for chemistry learning, 
but the cognitive analysis of students using 
Rasch is unique and innovative for teachers 
(Chan et al., 2020; Goldstein, 1979; Talib et 
al., 2018; Winarti et al., 2019). Pre-
assessment with Rasch is very helpful in 
designing the chemistry learning process, 
especially in transforming preconceptions 
into scientific concepts (Barke et al., 2012; 
Mezirow, 1997). 

Initial understanding is termed by Barke 
et al. (2012) as preconceptions. This term 
describes students’ mental models in inter-
preting a phenomenon based on their obser-
vations without concretely seeing the suita-
bility of scientific terminology (Barke et al., 
2012). As a result, students’ mental models 
form incoherent constructions, so the trans-
formation of preconceptions into scientific 
concepts is complex. This situation makes 
students prone to misconceptions, so teach-
ers need to detect the level of student under-
standing through understanding analysis 
(Barke et al., 2009, 2012; Bouw et al., 2021). 
Analysis of students’ cognitive structures is a 
form of learning assessment that allows 
teachers to learn about their students’ cogni-
tive, behavioral, and other development 
(Grove & Bretz, 2007; Gumartifa et al., 
2023; Quinlan et al., 2019; Rauch & Hartig, 
2010; Supriyanto et al., 2022). 

Assessment of learning using written 
tests is an essential technique for analyzing 
student’s development and learning progress 
(Adimayuda et al., 2020; Campbell, 2015; 
Dewi et al., 2019; Sumintono, 2018b). In 
addition, an analysis of students’ understand-
ing before class activities is the main refer-
ence for teachers, especially in designing 
teaching concepts that suit students’ learning 
needs (Barke et al., 2012; Chetty et al., 2019; 
Mezirow, 1997; Valtonen et al., 2021; Yessi, 
2021). The analysis of students’ understand-
ing prior to learning is a form of teaching 
method used to investigate the structure of 
students’ understanding of a chemical mate-
rial. 

Analysis using the Rasch model is con-
sidered an appropriate and practical meas-
urement technique for representing students’ 
abilities through data presentation formats 
(Adimayuda et al., 2020; Boone, 2016; 
Noben et al., 2021; Sumintono & Widhiarso, 
2015; Talib et al., 2018; van der Lans et al., 
2018). In the context of the measurement 
level, the Rasch model has a scientific per-
spective that everyone has the same oppor-
tunity to be right on every question 
(Sumintono, 2018b; Sumintono & 
Widhiarso, 2015). Furthermore, the Rasch 
model has a logarithmic approach to the 
measurement process, so the Rasch model’s 
output analysis provides a high accuracy 
level in measurement (Adimayuda et al., 
2020; Sumintono & Widhiarso, 2015). Fur-
thermore, Rasch is more than just a strategy 
for measuring student abilities; it can also 
analyze the quality of questions in a statisti-
cal data format. 

The research of (Chiang, 2015; van de 
Grift et al., 2019) found that the Rasch mod-
el can be an essential assessment for class-
room learning. Rasch can examine each item 
answered by students to determine their abil-
ities, while also identifying each student’s 
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learning progress. As a result, the Rasch 
analysis enables teachers to identify 
strengths and weaknesses based on interpret-
ed data. The Rasch model not only measures 
and justifies students’ cognitive capacities, 
but also the effectiveness of the assessment 
methods utilized, so that the strategy can be 
used to improve the quality of chemistry 
teaching and learning (Adimayuda et al., 
2020; Chow et al., 2018; Mešić et al., 2019; 
Noben et al., 2021; Rabbitt, 2018; 
Sumintono, 2018b). The research concept 
analyzes students’ abilities using the Rasch 
model as a primary assessment before the 
teacher begins the learning process. 

 
2. Method 

An adequate and appropriate method in 
the analysis process was required to deter-
mine the symptoms of the data that resulted 
from the Rasch model analysis. Since the 
results were statistical data with a logarith-
mic approach integrated into the Rasch mod-
el software, the quantitative method was the 
best choice for reaching this goal. The quan-
titative method was the best way to assess 
students’ cognitive ability with regard to 
chemical material, specifically chemical 
bonds (Creswell, 2009; Sumintono & 
Widhiarso, 2015). The data symptoms assist-
ed the teacher in determining the level of 
understanding of the subject matter. Teachers 
could utilize the findings of this analysis to 
design lessons according to their students’ 
cognitive abilities. 

 
a. Rasch Modeling with the Dichoto-

mous Model 
In Rasch modeling, participant’s abili-

ties were shown through logit values and 
various data patterns resulting from Rasch 
modeling. Furthermore, this modeling exam-
ined not only the abilities of the participants, 
but also the abilities of the items, ensuring 

that the instruments utilized represent the 
context of measurement validity. The state-
ment below is the Rasch modeling principle 
(Sumintono & Widhiarso, 2015): 

“a person having a greater ability than 
another person should have the greater 
probability of solving any item of the type in 
question, and similar, one item being more 
difficult than another means that for any 
person, the probability of solving the second 
item is the greater one” (Rasch, 1960 in 
Bond and Fox, 2015). 

According to the statement above, stu-
dents with superior abilities had a greater 
chance of successfully answering one item. 
Using the same principle, one complex item 
reduced students’ chances of answering cor-
rectly. In the Rasch Model, multiple choice 
questions were called Dichotomies, in which 
the Rasch modeling combines an algorithm 
that stated the results of probabilistic expec-
tations of the item (i) and respondent (n), 
which was mathematically expressed 
(Runnels, 2012; Sumintono, 2018b; 
Sumintono & Widhiarso, 2015). 

 

 
 
This formula, Pni (Xni = 1ǀ bn, di), was the 

probability of respondent (n) in item (i) to 
produce a correct answer (x = 1), with the 
respondent’s ability, βn, and item difficulty 
level δi. 

The above equation by Rasch could be 
simplified even more by plugging in the log-
arithm function and making it as follows: 

 

 
 
So, the probability of one’s success 

could be written as: 
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Probability of success = respondent’s 
ability – item difficulty level 

The cognitive test was a dichotomous 
format (multiple choice) with 25 questions 
on chemical bonds. Chemical bonds were 
fundamental knowledge in learning chemis-
try because they were part of the material 
structure of atoms. In statistical language, 
students should have thorough understanding 
of the material because it was considered 
primary. Since the sample consisted of stu-
dents who had studied chemical bonding 
material, it was assumed that the students 
could answer the questions presented. The 
participants were high school students from 
Banjarmasin, South Kalimantan.  

Purposive sampling was used in this 
study, and the samples were taken after go-
ing through numerous considerations. The 
students had studied with certain materials 
experience knowledge transformation in the 
environment of learning, thus they tend to 
create their knowledge and compare it to 
new things they discovered (Barke et al., 
2012). The scientific reason for selecting the 
sample strengthened the assumption that 
students could answer the questions present-
ed. This expectation discrepancy could be 
seen from data symptoms as well as stu-
dents’ response patterns, while some teachers 
rarely made accurate measurements before 
the learning process occurred. This research 
was essential for teachers to obtain valid 
information regarding the analyzation of 
students learning needs before designing 
learning processes (Barke et al., 2012; 
Mezirow, 1997; Mezirow et al., 2019). 

Rasch’s cognitive test referred to several 
data size models: Infit, Outfit, Mean-Square 
Fit Statistics, and Standardized Fit Statistics 
(ZSTD). Infit is inlier sensitive or infor-
mation-weighted fit, in other words, the sen-
sitivity of the response pattern to the target 
item on the respondent (person) or vice ver-

sa. Outfit means outlier-sensitive fit, which 
measures the sensitivity of response patterns 
to items with a particular difficulty level 
from the respondent (person) or vice versa. 
For example, suppose the participant’s re-
sponse is incorrect (careless); in this case, the 
participant cannot answer simple questions 
despite their superior ability. Another cir-
cumstance exists in which participants can 
work on complicated questions but have lim-
ited ability (lucky guesses), which are rela-
tively easy to detect. 

Mean-Square Fit Statistics measures 
randomness, the amount of distortion in the 
measurement system. The expected value is 
between 0.5-1.5; if the value is less than this, 
it indicates that the data is too predictable 
(data overfit the model). Regarding statistical 
value, chi-square represents the degree of 
freedom; its value is always positive. Fur-
thermore, ZSTD is a t-test for the hypothesis, 
which asks whether the data fits the model or 
not. The result is a z-value, i.e., unit devia-
tion. It describes the impossibility of the da-
ta, i.e., its significance if it fits the model. 

These criteria were absolute and consti-
tuted a reference in evaluating the generated 
data, implying that students’ understanding 
of chemical material was judged based on 
these criteria. If the statistical result did not 
fall within the MNSQ, ZSTD, or Pt Mean 
Corr ranges, the student was considered to 
lack a solid understanding of the material 
being evaluated (chemical bonding). In addi-
tion to mapping students’ abilities according 
to the interests of achievement grouping, the 
Rasch model might discover individuals 
whose response patterns were incorrect. The 
difference between the answers supplied by 
students depending on their skills and the 
ideal model was shown by the pattern of var-
ied responses. That was, this approach 
could be used to determine the consistency 
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of students’ thinking and to uncover student 
dishonesty. 

In the context of item analysis, the crite-
ria above served as the foundation for deter-
mining whether or not the items performed 
normally when measured (Rizbudiani et al., 
2021; Sihombing et al., 2018; Sumintono, 
2018a; Sumintono & Widhiarso, 2015). 

Boone et al. (2014) and Bond & Fox 
(2015) explained that outfit means-square, 
outfit z-standard, and point measure correla-
tion were the criteria used to see the patterns 
of student responses to the items worked and 
the items themselves. If the three require-
ments (MNSQ, ZSTD, and Pt Mean Corr) 
were not met, they were inevitably inade-
quate and needed to be repaired or replaced. 
It would ensure that the level of stu-
dent’s understanding was tested using appro-
priate and quality questions (Masito et al., 
2022; Sumintono & Widhiarso, 2015; 
Yudha, 2023). However, the value of the 
suitability of the items was strongly influ-
enced by the size of the sample. Examination 
of participants (person) also adopted the 
same criteria. This criterion aimed to check 
the suitability of items that did not fit (misfit 
items) and the participants (person fit). The 
following criteria were referred to 
(Sumintono & Widhiarso, 2015): 
1) Received Outfit Mean Square (MNSQ) 

value: 0.5 < MNSQ < 1.5 
2) Received Outfit Z-Standard (ZSTD) 

value: -2.0 < ZSTD < +2.0 
3) Point Measure Correlation (Pt Mean 

Corr): 0.4 < Pt Measure Correlation < 
0.85 
 

3. Result and Discussion 
Several conclusions from the research 

had been gathered and were likely to result in 
a reform in chemistry teaching. Finding 1 
data from changeable map images or Wright 
maps revealed that student 127P12B had the 

highest ability with a logit score of 2.52, 
while the problem ability was 1.92. That was 
the ability of the students to outperform the 
problem. Finding 2, the scalogram data 
showed that only 14 students (or 10% of the 
total number of students) correctly answered 
question number 16 (Q16), indicating that 
Q16 was rated as the most difficult problem 
for chemical bonding material. Finding 3, 
person dependability (students) of +0.66 
with the criterion “adequate”, indicating that 
student understanding was adequate, even 
though Cronbach’s alpha score had the crite-
rion “good” with a value of +0.71. Finding 
4 was based on scalogram data, which 
demonstrated that students with code 114 
(114P12B) were not careful since the easiest 
questions could not be answered, while ques-
tions with a high difficulty level might. Fur-
thermore, because the response patterns of 
114 students were inconsistent, the assump-
tion of “guessing” or lucky guessing was 
placed on 114 students. In the following par-
agraph, these findings were examined in 
depth, and the conversation became scientific 
evidence of the value of utilizing Rasch 
analysis. 

Figure 1 was a variable or Wright map; 
the image compared the levels between 
student abilities (person) and questions 
(items). The left side was the pattern of 
student responses, while the right side was 
the distribution of item difficulty levels. The 
code # indicated 3 (three) students, and the 
sign (.) showed 1 to 2 students. It meant that 
if the code line was ###., the code showed > 
5 people or equal ability. Students with the 
same ability were shown through the ### 
code, meaning that these students had the 
same logit value (person measure).  

The maps variable showed several 
conditions; in condition 1, the average logit 
or person measure value was -0.77 (or <0). 
The average logit value was relevant to the 
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figure below. On average, it could be seen 
that the number of students (#) below the 0 
scale was more than the number of students 
with positions above the 0 scale. There were 
even some students who only had one correct 
answer through the scalogram data. In 
addition, the average students only answered 
questions with a difficulty level of <0, so 

students could only answer questions with a 
high level of ability with a logit score of >0 
(and even then, a small proportion of 
students). In condition 2, items with a logit 
value > 1 were only answered by a few 
students, meaning that this item lacked 
function because only students with a logit 
value > 1 could answer the item correctly. 

 

 
Figure 1. Maps Variable (Wright Maps) 

 
Figure 1 above with the point code (.) 

(left side, person) was student 127P12B who 
had logit score of 2.52 with the highest 
ability, while students 030P10B and 
059L11B was the students with the lowest 
ability who had logit score of -3.27. On the 
other hand, questions with a great difficulty 
level had a logit value of 1.92 (Q16 was 
question number 16), showed on the right 
side of Figure 1. Then, question number 8 or 
Q8 was a question with the lowest difficulty 
level (logit value = -1.63), meaning that Q8 
was the easiest to answer. In the context of 

the matter, chemical bonds were relatively 
basic materials because the properties of 
matter were simple in terms of theoretical 
applications. Chemical bonding materials 
could also be the basis for determining the 
shape of molecules (Petrucci et al., 2011). 
Lewis’ theory was the most dominating 
theory in understanding chemical bonding, 
making Lewis’ thinking in describing bond-
ing in compounds was used as a basis. 
Regarding the question with the most 
significant difficulty level (Q16), the 
following explained Q16.

 
Problem Q16 - The number of lone pairs of electrons in the   molecule is ... 

a. One pair 
b. Two pairs  
c. Three pairs 

d. Four pairs 
e. Five pairs 

Answer - the   molecule has two lone pairs of electrons. 

Student who had the 
highest logit point 2.52 

(Person Code=127P12B) 

The highest logit point 
of item 1.92 (Item 

Code=Q16 

The lowest logit point of item  
-1.63 (Item Code=Q8) 

Students who had the lowest logit point 
-3.27 (Person Code=030P10B, 059L11B) 



 
 

 
Indonesian Journal on Learning and Advanced Education (IJOLAE)| p-ISSN 2655-920x, e-ISSN 2656-2804 
Vol. 5 (3) (2023) 217-232 

223 
 

Assessing Students Understanding of Chemical Bonds Material by Rasch Modeling 

The scalogram data showed that among 
the 154 students who answered the 
questions, only 14 persons answered 
question number 16 (Q16), or 10% of the 
total number of students correctly; 
meanwhile, Q16 was classified as a 
fundamental concept in understanding 
chemical bonding material. In terminology, 
the  the molecule was two molecules that 
atoms shared more than one pair of electrons. 
In addition, Lewis’ theory was the leading 
theory that could be used to broaden the 
understanding of Q16. The biggest asset for 
students to understand concretely about Q16 
was the basic definition of chemical bonding, 
including the types of chemical bonds (ionic, 
covalent, polar covalent, non-polar covalent, 
hydrogen, etc.). 

In addition to the basic definitions 
above, integrating chemical representation 
concepts was the most appropriate and scien-
tific approach in developing students’ under-
standing of chemical bonding (Barke et al., 
2009; Cheng & Gilbert, 2009; Ryan & 
Herrington, 2014). Representation could as-
sist students understood the material being 
studied in a concrete way, preventing ongo-
ing misconceptions (Barke et al., 2012; 
Darmiyanti et al., 2017; Rusmansyah et al., 
2021). Ten percent indicated that teachers 
had to realize the importance of reconstruct-
ing students’ basic knowledge, especially in 
chemical bonding material. The expert em-
phasized that the involvement of the concept 
of representation could strengthen student’s 
partial abilities so that students had a scien-
tific understanding of learning chemistry 
(Barke et al., 2012; Justi et al., 2009; Ryan & 
Herrington, 2014). 

The following identified the Q16 
problem by describing the Lewis structure of 
the  the molecule as an initial step. 

 

 
Each N atom appeared to have only six 

outer electrons instead of the expected eight. 
This situation could be corrected by bringing 
four unpaired electrons into the region 
between the N atoms and using them as 
additional bond pairs. In this way, students 
could finally see the sharing of three pairs of 
electrons between the two N atoms. The 
bond between the two N atoms in  was a 
triple covalent bond (≡). Regarding the triple 
covalent bond in , the bonding was 
powerful and challenging to break in 
chemical reactions. This tremendous power 
made  inert. As a result, 	  coexisted 
with  in the atmosphere, forming only 
small amounts of nitrogen oxides at high 
temperatures. In addition, the lack of 
reactivity of  and  Reactivity was an 
essential condition for life on Earth. The 
humidity of  also made it difficult to 
synthesize nitrogen compounds. In addition, 
nitrogen was also one of the elements with 
the highest electronegativity of the elements 
(3.04 on the Pauling scale), surpassed only 
by chlorine (3.16), oxygen (3.44), and 
fluorine (3.98). 

Figure 2 below was another strategy to 
help students understood chemical bonding, 
especially in the context of Q16, namely the 
dinitrogen molecule. The image was a 
visualization of the distribution of electrons 

. There were seven pairs of electrons with 
atomic number 7 (7 electrons). In their 
ground state, they were regular in the 
electron configuration of . 
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Figure 2. Dinitrogen Molecular Orbital Diagram, 	  (Wikipedia, 2023) 

Therefore, there were five valence 
electrons in the 2s and 2p orbitals, three of 
which (the p electrons) were unpaired (note 
the electrons circled in red in Figure 2). That 
was, the  the molecule had two pairs of 
free electrons, while only 10% of the 
students answered correctly with the number 
16. Explanation of research results based on 
Rasch data and scientific terminology 
regarding problem number 16 provided an 
overview of students’ level of understanding. 
In addition, this assessment could be a 
reference for teachers in developing and 
designing chemistry lessons so students 
could achieve scientific understanding. 

Figure 2 was a model that needed to be 
understood by students. Expert studies ex-
plained that a model was always initially 
produced in students’ minds, which was then 
called a mental model (Justi et al., 2009). For 

communication purposes, the model had to 
be expressed in different modes of represen-
tation (concrete, verbal, mathematical, visu-
al, gestural, or mixed). Aspects at the macro 
and sub-micro levels could be expressed in 
all representation models, while aspects at 
the symbolic level were generally expressed 
in verbal or mathematical modes. It showed 
the importance of using representational 
models to comprehensively understand the 
three levels at which a particular entity could 
be modeled (Barke et al., 2012; Cheng & 
Gilbert, 2009; Justi et al., 2009). Figure 2 
needed to be understood by students to ob-
tain scientific knowledge about chemical 
bonding material. Impact: if the teacher car-
ried out advanced cognitive analysis, all stu-
dents were expected to answer questions for 
this context correctly. 
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Table 1. Statistics Summary of 154 Measured Person 
 Total 

Score Count Measure Model 
Error 

INFIT OUTFIT 

MNSQ ZSTD MNSQ ZSTD 

Mean 7.2 20.0 -.77 .55 .99 -.1 1.14 .0 

S.D. 3.6 .0 1.00 .09 .22 1.0 .65 1.2 

Max. 18.0 20.0 2.52 1.04 1.57 2.6 4.49 3.1 

Min. 1.0 20.0 -3.27 .49 .60 -2.4 .33 -2.2 

Real RMSE .59  TRUE SD .81 Separation 1.38 Person 
Reliability 

.66 

Model RMSE .56 TRUE SD .83 Separation 1.48 Person 
Reliability 

.69 

S.E. Of Person MEAN = .08 
Person RAW Score-to-Measure Correlation = .99 
Cronbach Alpha (KR-20) Person RAW Score “Test” Reliability = .71 

 

The statistical summary table provided 
comprehensive information about the quality 
of student response patterns, so this Rasch 
data was also essential in analyzing student 
understanding levels. The logit value of -
0.77 was the average of all students’ working 
scores on the given items. The average 
student whose score less than 0.0 
suggested that students did not fully 
understand the chemical bonding material, 
although the Cronbach alpha score (AC) 
using the “good” criterion was +0.71. The 
AC value indicated the measurement 
reliability or interaction between the person 
(students) and the overall item (question). It 
also implied that the instrument used could 
provide reliable information as a data 
collection tool. 

Person reliability (students) based on the 
Rasch modeling analysis was +0.66 with the 
criterion “adequate”, meaning that students’ 
understanding was at an adequate level; 
meanwhile, Cronbach’s alpha score had the 
criterion “good” with a value of +0.71. The 
“adequate” criterion and previous results 
analysis revealed that students needed to 
undergo transformation in order for their 

understanding of chemical bonding and other 
materials to improve. These numbers were 
quite helpful in determining the overall de-
gree of understanding among students. 

Furthermore, other data were INFIT and 
OUTFIT MNSQ (person) with an average 
value of +0.99 and +1.14 (closer to 1, the 
better), meanwhile the value of INFIT and 
OUTFIT ZSTD, the respective values were -
0.1 and 0.0 (closer to 0, the better). The 
MNSQ INFIT and OUTFIT values indicated 
the randomness or amount of distortion in 
the measurement system with an expected 
value of 0.5 – 1.5. The INFIT and OUTFIT 
MNSQ data met these requirements, 
indicating that the test presentation utilized 
in the assessment was in excellent enough 
condition that student responses were 
indicative of research objectives (Sumintono 
& Widhiarso, 2015). In addition to the 
MNSQ value, the INFIT and OUTFIT ZSTD 
values were in the criteria of -1.9 – 1.9 with 
the description of the data having a logical 
estimate, meaning that the measurements 
taken had no deviation from what was being 
measured. In this context, measurements 
regarding students’ understanding of 
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chemical bonding material could be used as a 
learning assessment (Sumintono & 
Widhiarso, 2015). 

Interpretation of students’ understanding 
could also be seen from the Scalogram data 
(Figure 3). Student 127P12B was the student 
who had the highest score with a logit score 
of 2.52 and only had two wrong answers. 
The student was considered to have an 
excellent understanding of chemical bonding 
based on the response pattern of the Rasch 
data obtained. Furthermore, the response 
pattern of 127P12B students was deemed 
satisfactory because, in addition to receiving 
only two incorrect answers, these two 
numbers were questions of the most 

significant difficulty. As a result of the 
regularity of their responses, 127P12B 
students had a good level of understanding of 
the subject matter. Then, Students 53, 116, 
and 126 had the same logit score (1.92), 
while the response patterns of these students 
were considered careless. Their response 
patterns were considered careless because 
they were able to answer the questions with a 
high degree of difficulty, but not the easiest 
ones. The data showed that students with this 
code understood the chemical bonding 
material. However, the teacher might need to 
review several parts of the material again as 
a learning assessment. 

 

 
Figure 3. Student’s responses from Scalogram 

Student 114 (114P12B) was a student 
who was deemed careless since they were 
able to answer the questions with a high de-
gree of difficulty, but not the easiest ones. 
Furthermore, because student 114’s response 
patterns were inconsistent, the guessing or 
lucky guess assumption was placed on them. 
Students with these impairments required 
specialized learning procedures in order to 
gain a scientific understanding of chemical 
material. Unlike student 114P12B, students 
030P10B and 059L11B only had one right 
answer, and their logit scores were -3.27, 
which was considerably below 0.0. Further-

more, students 030P10B and 059L11B only 
guessed one number correctly, with similar 
response patterns. This suggested that these 
students did not have a solid understanding 
of the chemical bonding material. As a re-
sult, the visualization of this scalogram data 
was also vital to the teacher in analyzing 
student understanding. 

The difference in student logit values in 
the scalogram figure showed a finding that 
teachers needed to facilitate students from 
these findings. There were several recom-
mendations in the scalogram data situation, 
namely the teacher had to group students 

Students 030P10B and 059L11B only had one 
correct answer, meaning that the students had 
not understand the material 

 

Students 53, 116, and 126 had the 
same logit value (1.92); these 
students were “careless”. 

114 students evaluated for not being cautious 
and guessing, with inconsistent response 
patterns 

 

Student 127P12B was the student 
who had the highest score, with two 
wrong answers (2.52) 
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based on the symptoms shown. For example, 
the coding for students in the criteria for 
guessing, lowest score, and cheating was put 
together; the grouping was then evaluated to 
determine the location of the student’s prob-
lems from the questions they were working 
on. Then, the teacher offered to conduct peer 
tutoring or enrichment so that students’ 
knowledge improved. 

The teacher then ranked the students 
based on their logit value. The most scien-
tific assumption was that students with simi-
lar logits had similar levels of understanding. 
The same logit value was also likely to have 
the same response pattern, so this tip was 
useful for teachers in implementing learning 
strategies that met students’ learning needs. 
That was, teachers could utilize the data from 
each Rasch model to assess students’ under-
standing of chemistry. 

Based on the findings described above, 
it could be concluded that the Rasch model 
was the primary reference for teachers in 
analyzing students’ level of understanding, 
especially the analysis of learning needs be-
fore the learning process began. Pre-learning 
analysis was critical since the teacher needed 
to know how much students understood be-
fore they began learning. Analysis with the 
Rasch model also helped teachers to design 
learning by determining learning models, 
scenarios, media, and assignments so that 
students were not burdened with learning. A 
research showed that the Rasch model could 
be used as a reference in increasing student 
understanding, learning quality, and guide-
lines in designing chemistry learning strate-
gies based on an analysis of student under-
standing (Winarti et al., 2019). In the context 
of measurement, the Rasch model produced 
two categories, namely participant ability 
and item ability, in the same calculation, 
resulting in a scientific approach to learning 
assessment implementation (Andrich, 2010; 

Andrich & Pedler, 2019; Sumintono & 
Widhiarso, 2015). A similar research came 
from (Mamat et al., 2014) who stated that the 
Rasch model offered a reliable solution in 
producing accurate analytical skills, data 
presentation scores for students, and scien-
tific reliability scores for student answers. 

The Rasch modeling provided many 
perspectives in assessing student’s complete 
understanding, while some teachers rarely 
conducted needs analysis before designing 
learning process. The Rasch model-based 
analysis might be the best option for teachers 
in this situation. In addition to interpreting 
student knowledge through various Rasch 
data presentations, a study of the structure of 
questions with varying difficulty levels could 
be used to assess the full group of students’ 
understanding of chemistry. Rasch modeling 
was essential to learning chemistry since it 
might be applied in many sorts of science 
resources and student grade levels. 

 
4. Conclusion 

The conclusions were based on the 
research, which showed that 127P12B 
students had the highest ability with a logit 
score of 2.52; on variable maps or Wright 
maps, the question ability was 1.92. 
Furthermore, the scalogram data revealed 
that only 14 students (or 10% of the total 
number of students) correctly answered 
question number 16 (Q16), indicating that 
Q16 was ranked as the most difficult 
question. According to the Rasch modeling 
analysis, person reliability (students) was 
+0.66 with the criterion “adequate”, 
indicating that student understanding was 
adequate, even though Cronbach’s alpha 
score had the criterion “good” with a value 
of +0.71. Another Scalogram finding was 
that students with code 114 (114P12B) were 
regarded as careless because they were able 
to answer the questions with a high degree of 
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difficulty, but not the easiest ones. These 
findings suggested that utilizing the Rasch 
model for analysis was a creative and 
successful technique for teachers to 
determine students. Rasch data presentation 
made it easier for teachers to justify student’s 
understanding patterns, therefore Rasch 
results provided a good chance for teachers 
to design learning based on their students’ 
needs. 

Person reliability (students) based on 
Rasch modeling analysis is +0.66 with the 
criterion “adequate”, indicating that student 
understanding was still at an adequate level, 
even though Cronbach’s alpha score had the 
criterion “good” with a value of +0.71. Even 
if Cronbach’s alpha score was a good 
criterion, data person reliability was high 
enough that the average student did not have 
a real understanding of the chemical bonding 
material. It meant that teachers needed to 
monitor students’ understanding of learning 
concepts that encouraged expanded 
knowledge, such as using life context-based 
approaches, appropriate learning media, 
doing laboratory experiments, and possibly 
project-based assignments. 

Contributively, teachers could use the 
findings of this research as a primary 
reference when assessing students’ 
understanding of other chemistry materials. 
Adoption of these findings by teachers aided 
in the acquisition of new findings in 
following study utilizing various scientific 
methodologies, resulting in novelties and 
new findings in the field of education.   
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