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The use of tests with unknown reliability and validity to measure student 
achievement was still widely practiced. This study examined the quality tests of 
conceptual understanding for college students in the basic concept of physics 
subject. This research was an R&D that used the 4D model. The test consisted of 
2 types, namely multiple-choice and true-false tests, which were equipped with 
reasons. Development stages: 1) defined test grids; 2) designed tests; 3) 
developed tests; 4) expert validated of the content and construct; and 5) tested 
the validity, reliability, and level of difficulty. Analysis used the Rasch model 
assisted by Winstep software. The test results show that 18 multiple-choice and 
17 true-false items fit the Rasch model in a range outfit MNSQ of 0.7-1.33 and 
ZSTD of -0,7-1,9. The reliability test is based on consistency in the range of 0.8-
0.91 with good and excellent categories. The difficulty level shows three 
categories easy, difficult, and very difficult. And based on the results, 15 items 
are selected for each type of test. This selection is made by considering the 
similarity of competency outcomes measured by each test item. Both tests can be 
used for broader data collection to determine the best tests that represent 
students' conceptual understanding.  
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INTRODUCTION  
 

Education is a person's conscious effort to change himself regarding abilities, 
attitudes, and knowledge. This self-change is obtained after a person receives an 
educational process in an educational institution, both formal and non-formal. It is 
necessary to carry out a test of knowledge, attitudes, or skills to measure the quality of 
its changes, with test indicators referring to learning outcomes in the aspects of 
knowledge, attitudes, or skills contained in the curriculum (Kemendikbudristek, 2022; 
Reotutar et al., 2020). Achievement of learning objectives in knowledge is carried out 
through cognitive tests or conceptual understanding tests that refer to the cognitive 
process dimensions mentioned by Bloom. Tests are implemented for students by 
working on several questions within a certain period, the results are in the form of a 
knowledge score, and this score will be used as a benchmark to determine the 
achievement of learning (Azizah et al., 2020; Novitasari et al., 2021; Sujarwanto, 2019). 
The results of this test provide information about the level of students' conceptual 
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understanding. This result can also be used to find out which concepts still need to be 
mastered by students so that improvements can be made in the following learning 
process to increase student achievement (Sindelar, 2011; Wiliam & Leahy, 2016). 

Covid-19, which has hit the world since March 2020, has caused a significant 
change in the order of life in the world community, including the educational process. 
The educational process is inevitably forced to use distance learning systems assisted 
by social media (WhatsApp), video conferences (zoom meeting, google meet, 
Microsoft Teams, etc.), and e-learning (google classroom, Edmodo, etc.). This process 
affects academic achievement in the learning process and assessment, learning 
outcomes, and student perception (Hidalgo-Camacho et al., 2021). Online learning 
does not suit students' learning styles and harms students' mental destudent (Rohmani 
& Andriani, 2021). Students become lazier because during online learning, the teacher 
or lecturer tends to give many assignments, and lots of learning achievements are 
measured based on these assignments, which are difficult to control for their validity; 
the probability that the students themselves do not do the assignment is greater (Khan 
& Jawaid, 2020; Mega Susanti & Soleman Ritonga, 2021; Muhammadiyah et al., 2021; 
Yulianto & Majid Mujtahid, 2021). This invalidity is also magnified by the opportunity 
for the student to use search engines (google, youtube, etc.) in doing assignments. 
Based on this assumption, assignment is inappropriate to indicate student learning 
achievement because it cannot recognize and detect student conceptual 
understanding. 

However, not all learning processes use assignments as a determinant of 
student achievement. Giving several questions in various forms such as objective tests, 
essays, case analysis, project creation, and others is also carried out both offline (in 
class) or online (google document, Edmodo, Quiziz, Moodle, etc.) (Dewa et al., 2020; 
Haruna et al., 2021; Hidayati & Aslam, 2021; Khusna et al., 2021; Nikat et al., 2022; 
Rozal et al., 2021; Somahhida & Makruf, 2022; Wiyoko & Hidayat, 2020). Distribution 
of questionnaires about the types of tests and Mechanism of developing course test 
questions at the University of Sultan Syarif Kasim Riau It is known that each lecturer 
has his type of test. There needs to be a standardized assessment instrument in the 
course. Course taught by different lecturers in different classes uses different types of 
tests (the test instruments level for one subject to another are not the same). The test 
was also only tested after being used to assess student achievement. The existence of 
injustice in the assessment process received by students and the doubtfulness of the 
validity of the test indicates that the test used cannot measure what it should measure. 

Invalid test instruments will cause test results to be biased, and data cannot be 
used optimally to improve student learning outcomes, track student abilities in 
learning, track concepts that students need to understand adequately, or even student 
misconceptions. The test results cannot be used to conclude student learning 
completeness. The inability of the test to show relevant results will undoubtedly affect 
the competence owned by students in a course subject. The competence of this subject 
will significantly determine the qualifications of students in the field of study, even 
though it will be very much needed by students when they apply their knowledge in 
society after graduating from college. Therefore, to obtain truly relevant test results, 
correctly measure what should be measured, and indeed show the quality of student 
understanding, a test instrument is needed with the following criteria: valid, reliable, 
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efficient, objective, and suited to learning achievement indicators (Millard & Chavez, 
2012). 

The development of the type of test that will be used to measure student 
learning outcomes is adjusted to the material, needs, efficiency, and readiness of the 
teacher. Consideration of this criterion, then test type modification for physics 
concepts can be done. Several forms of tests that can be developed to test students' 
conceptual understanding are: 1) multiple-choice tests: the most common test is done 
out of consideration of simplicity and high objectivity (Dyahesita et al., 2019; 
Mutmainna et al., 2018); 2) Reasoned multiple choice: a test accompanied by reasons 
why the participant chose that answer (Cahyaningrum & Hidayat, 2018; Samaduri, 
2022); 3) true-false test: a test that leads participants to be able to evaluate statements 
based on concepts they have understood (Couch et al., 2018; McAllister & Guidice, 
2012; Michel et al., 2009; S. Khan, 2001) dan 4) essay test: an open test, the answer can 
be independent depending on the participant. Considering the ease of correction, true-
false and multiple-choice tests are widely chosen by people worldwide compared to 
essay tests (Chandratilake et al., 2011). 

In addition, considering that the test is not only applied offline but can also be 
applied online, the essay test is not suitable to be developed because it will be difficult 
to maintain objectivity in completing the test by the test taker. It is challenging to 
control test takers to work independently; refrain from using the help of friends or 
Google search engines during the test. This condition will cause a bias in the measured 
results. So, the development of true-false and multiple-choice tests is deemed 
necessary to support the implementation of offline and online tests and minimize the 
risk of cheating and invalidity of test results (Gudiño Paredes et al., 2021; Rowe, 2004). 
The development of these two types of tests will provide better results and 
descriptions of 1) the quality of learning received by students, 2) the quality of 
students' understanding of the physics lecture material they take, 3) physics concepts 
that lead to misconceptions, and 4) equality of assessment for each class even though 
taught by different lecturers. Moreover, the existence of these two types of tests does 
not have to be done offline; even online tests will provide valid and reliable results. So 
that in its implementation, it is more flexible according to needs. 

 
METHODS 
 

The research and development (R&D) method in this study applies a modified 
4D model by stages: 1) definition of test indicators: refers to learning outcomes in the 
basic concept of physics course; 2) designing tests: designing types of tests based on 
criteria according to the level of dimensions processes cognitive in bloom taxonomy; 
3) developing tests: developing test items based on indicators and learning outcomes; 
4) expert validation in content and construct of the test: to see the suitability of the 
items with the question indicators; 5) test the validity, reliability, and level of difficulty; 
which was tested on 50 students of Department of PGMI (Elementary Teacher 
Education) at UIN Sultan Syarif Kasim Riau, 25 students from class 4A and 25 students 
from class 4B. 

The instrument indicators and the number of items for each indicator can be 
seen in Table 1. 
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Table 1. Instrument Indicators and the Number of Items  

No. Subject Indicator 
Number of Items 

Multiple 
Choice 

True-
False 

1 Kinematics motion  Analyze the motion of objects: distance, 
displacement, time, speed, and 
acceleration 

1 1 

2 Dynamics Motion   Analyze the effect of force on the 
object’s motion 

2 2 

3 Matter and 
properties   

Analyze matter, its properties, and 
changes 

2 2 

4 Work and Energy  Analyze work and energy in everyday 
life 

2 2 

5 Temperature and 
Heat  

Analyze phenomena related to heat and 
heat transfer in everyday life 

2 2 

6 Fluid Static Analyze the static fluid characteristics 
and properties  

2 2 

7 Fluid Dynamic Analyze fluid dynamic properties and 
application in everyday life 

1 1 

8 Vibration and 
Waves 

Analyze the nature and behavior of 
vibration-waves 

2 2 

9 Sound Analyze the nature of Sound and its 
application in life  

2 2 

10 Light and Optics Analyze the concept of light and its 
behavior on mirrors and lenses 

1 1 

11 Electricity and 
Magnetism 

Analyze electrical and magnetic 
phenomena 

2 2 

12 Earth and Solar 
System 

Analyze the structure of the Earth, solar 
system, and celestial bodies 

1 1 

 
The research instruments are: 1) expert validation sheets: adjusting the 

indicators with the items designed; and 2) test instruments: 2 test packages, namely 
reasoned multiple-choice and true-false tests, each consisting of 20 questions. Analysis 
of validity, reliability, and difficulty level of test based on fit criteria with the Rasch 
model, a modern test that considers the results based on the response of item and 
person in a measurable distribution (Sumintono & Widhiarso, 2014). The Rasch model 
can also help detect the difficulty level of questions (Boone, 2016). Those with higher 
abilities will have a greater chance of answering the questions correctly; the opposite 
also applies. Rasch analysis was performed using Winstep software. Outfit MNSQ, 
Outfit ZSTD, and Pt Measure Corr values are used to determine the validity of the 
items: the suitability of the items with the Rasch model. The criteria can be seen in 
Table 2. 

Table 2. Item Test Fit Criteria for Rasch Model 
Outfit MNSQ Outfit ZSTD Pt Measure Corr 

𝟎, 𝟓 − 𝟏, 𝟓 −2,0 − 2,0 0,4 − 0,85 
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Item reliability and Cronbach's alpha are used to determine instrument 
reliability. The difficulty level of the questions is seen from the value of the measuring 
item. Criteria for difficulty level, reliability, and Cronbach's alpha can be seen in Table 
3. 

Table 3. Criteria for Difficulty Level, Person/Item Reliability, and Cronbach's Alpha 

Difficulty Level Person/Item Reliability 
Cronbach’s 

Alpha 

𝒃 > 𝟏 Very Difficult 0,71 − 0,80 Fair  > 0,8    𝐺𝑜𝑜𝑑 
𝟎, 𝟓 ≤ 𝒃 < 𝟏 Difficult 0,81 − 0,90 Good  

−𝟎, 𝟓 ≤ 𝒃 < 𝟎, 𝟓 Moderate 0,91 − 0,94 Very Good  
−𝟏 ≤ 𝒃 < −𝟎, 𝟓 Easy > 0,94 Excellent  

𝒃 ≤ −𝟏 Very Easy    

 
 

RESULT AND DISCUSSION 
 

The development of multiple choice and true-false tests begins with defining 
the concept to determine the test indicators. Every question is developed based on the 
learning curriculum, which is described as learning outcomes of the Basic Concept of 
Physics course (CPMK) in the Department of PGMI (Primary School Teacher 
Education), Faculty of Education and Teacher Training, Islamic State University of 
Sultan Syarif Kasim Riau. Then this CPMK outlined to be more specific becomes sub-
CPMK which targets certain physics concepts. Ten main topics are outlined into ten 
sub-CPMK that measure C2-C5 levels in the revised Bloom taxonomy: understanding, 
applying, analyzing, and evaluating (Krathwohl, 2002). All of this revision Bloom's 
cognitive dimensions are verbs that show knowledge is created through a thought 
process and does not just appear out of thin air. A person's mind has a complex process 
so that he knows, understands, applies, analyzes, evaluates, and finds something. This 
level does not always show mastery of the dimensions above, so the dimensions below 
have been passed and mastered automatically. 

The number of items developed for each type of test is 20 items. Both types of 
tests measure the same learning outcomes at equivalent cognitive levels. The 
difference between the two types of tests is only in the response given by the 
participant. Multiple choice tests with four answer options have a 25% chance of 
participants providing the correct answer. True-false tests with two possible responses 
have a 50% chance that the participant will answer correctly.  
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Figure 1. Expert Validation of the Content and Construct of the Test Instrument 

After the instrument indicator formulation, experts carried out content 
validation by adjusting the questions with indicators, language suitability, and 
layout—content validation by two lecturers at the Department of Natural Sains 
Education UIN Sultan Syarif Kasim Riau. Analysis of expert validation results, the 
instruments developed have fulfilled the feasibility of the layout's contents, validity, 
and feasibility. The instrument was declared feasible to be tested to determine its 
validity, reliability, and difficulty level. The results of expert validation can be seen in 
Figure 1. 

Before analyzing the suitability of the test results with the Rasch model, the 
instrument must fulfill the criteria of unidimensionality and local independence 
assumption. Unidimensionality shows that the test only measures one ability because 
modern tests use item response analysis, so it cannot be executed if it measures more 
than one ability. The results of the unidimensionality on both types of tests can be seen 
in Figure 2. 

 

 
 

(a) 
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(b) 

 
Figure 2. Unidimensionality Test; a) Multiple-Choice and b) True-False  

 
A test is declared eligible for unidimensionality criteria when the raw variance 

value is greater than 20%, if more than 40% is good, and if above 60% is special. Based 
on this table, the values of raw variance for both types of tests are 56.5% and 67.6%, so 
both are eligible based on unidimensionality criteria. Unexplained variance indicates 
uniformity. The value should be at most 15%. Uniformity is in a good category if it is 
below 10% (Sumintono & Widhiarso, 2014). Both types of tests with unexplained 
variance below 10% indicate variations in test taker responses to each kind of test, both 
true-false and multiple-choice tests. 

Local independent assumption explains that the response given by respondents 
to one item does not influence the response to other items. If this assumption does not 
meet, it can cause bias in the measurement result, as items are interrelated. This 
assumption is analyzed by examining the value on the diagonal of the variance-
covariance matrix. If this value is close to 0 with the number 0,00… it means there is 
no local independence in the test instrument (Christensen & Bedrick, 1997; 
Klein Entink et al., 2009; Yu & Bien, 2017). The diagonal value of the variance-
covariance matrix for both types of tests is almost close to 0, with the highest value 
being 0.011, so it can be said that the local independence criteria have been met, and 
there is no relation between the responses of one item and another. 

The fit test of the instrument items to the Rasch model is based on the value of 
outfit MNSQ, Outfit ZSTD, dan Pt Measure Corr according to the acceptance criteria 
in Table 1. An item is considered fit if it meets at least two of these three criteria 
(Sumintono & Widhiarso, 2014). Test on True-False questions found 17 items that fit 
the Rasch model with a range of outfit MNSQ value 0,78-1,27 and outfit ZSTD value -
0,7-1,6. Test on Multiple-Choice question found 18 items that fit the Rasch model with 
a range of outfit MNSQ value 0,77-1,33 and outfit ZSTD value -0,9-1,9. The result of 
the fit test of both instruments to the Rasch model can be seen in Table 4. 

 
Table 1. Validity Test of True-False Questions and Multiple-Choice Questions 

True-False Multiple Choice 

No 
Butir 

Outfit  
MNSQ 

Outfit 
ZSTD 

Pt 
Measure 

Corr 

Decision No 
Butir 

Outfit  
MNSQ 

OUTFIT 
ZSTD 

Pt 
Measure 

Corr 

Decision 

1 1.27 1.6 -0.03 Not Fit 1 1.33 1.9 -0.06 Not Fit 



CO-CATALYST: Journal of Science Education Research and Theories 
Vol. 1, No. 1, May 2023 

50 

7 1.12 1.0 0.15 Not Fit 8 1.21 1.6 0.10 Not Fit 
13 1.09 0.4 0.31 Fit 7 1.08 0.5 0.23 Fit 
2 1.03 0.3 0.35 Fit 13 1.09 0.4 0.27 Fit 
8 1.05 0.4 0.28 Not Fit 16 1.07 0.3 0.26 Fit 
11 1.03 0.3 0.31 Fit 14 1.03 0.5 0.32 Fit 
5 1.02 0.2 0.4 Fit 3 1.03 0.3 0.32 Fit 
12 1.01 0.3 0.39 Fit 9 1.01 0.3 0.42 Fit 
10 0.99 0.0 0.45 Fit 12 1.00 0.1 0.39 Fit 
19 0.97 0.0 0.43 Fit 10 0.86 0.1 0.36 Fit 
17 0.82 -0.2 0.43 Fit 19 0.99 0.1 0.44 Fit 
4 0.97 -0.1 0.53 Fit 17 0.78 0.1 0.44 Fit 
16 0.95 -0.3 0.52 Fit 11 0.65 0.0 0.48 Fit 
14 0.98 0.1 0.58 Fit 5 0.72 -0.2 0.43 Fit 
3 0.95 -0.4 0.61 Fit 2 0.92 0.1 0.54 Fit 
9 0.90 -0.2 0.56 Fit 4 0.95 -0.4 0.55 Fit 
6 0.78 -0.3 0.67 Fit 18 0.87 -0.3 0.45 Fit 
15 0.78 -0.1 0.77 Fit 6 0.87 -0.3 0.56 Fit 
20 0.92 -0.5 0.72 Fit 15 0.76 -0.8 0.69 Fit 
18 0.78 -0.7 0.7 Fit 20 0.77 -0.9 0.71 Fit 

 

The reliability test for both instruments based on Cronbach's alpha shows a 
value of 0,8 for person reliability dan 0,91 for item reliability. This value means that 
the level of consistency of the test taker in completing the test is in the good category, 
and the consistency of items in measuring the test taker's ability is in the excellent 
category (Sumintono & Widhiarso, 2014).  

The analysis of item difficulty level is used to determine whether the test 
question can distinguish the abilities of each test taker, differentiating those with 
higher and lower abilities. This analysis also identifies how likely it is for test takers 
with higher abilities to answer more straightforward questions correctly. The item 
difficulty level is determined using the Rasch Model by observing the value of item 
measure output and comparing them with the difficulty level criteria in Table 2 
(Darmana et al., 2021; Purnama & Alfarisa, 2020).  

The difficulty level for multiple choice questions falls within a range of the logit 
value from 2,28 to -1,44. The higher the logit value, the more difficult the question, and 
the fewer test takers can answer it correctly. The highest logit value for the multiple-
choice test was 2,28 for item 15, with only one test taker answering correctly. The lower 
logit value was -1,44 for item number 20, with 20 test takers answering correctly. The 
difficulty level for true-false questions appeared to be higher, with a logit value of 2,46, 
and three items were considered extremely difficult: items 15, 12, and 6. Only one item, 
item number 20, was considered easy, with 14 test takers answering correctly. Items 
deemed too easy or difficult were discarded and not used further. The Logit value for 
the difficulty level of each item, both for the multiple-choice and true-false questions, 
can be seen in Figure 3.   
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(a) 

 
(b) 

 
Figure  3. Level of Difficulty Instrument a) Multiple Choice and b) True-False 

 
Analysis of validity, reliability, and difficulty level based on the fit to the Rasch 

model for both types of tests is the adjusted to learning outcome in the physics concept 
course in the Department of PGMI (Elementary Teacher Education) at UIN Sultan 
Syarif Kasim Riau. This consideration is made to obtain two types of tests that measure 
the same level of learning outcomes, or in other words, to find test instruments that 
measure the same learning outcome in different test formats. Therefore 15 multiple-
choice items and 15 true-false items were selected that met the criteria for validity, 
reliability, and varying difficulty levels. These 30 items can be further used to 1) 
measure students’ learning outcomes and conceptual understanding of physics; 2) 
identify the strengths and weaknesses of each test type; 3) identify how student 
performance differs when both types of test are applied to assess their understanding 
of physics concept; 4) find out which one of both type of test much difficult according 
to student based on their achievements; and 5) track the concepts that students have 
not yet fully mastered (Chandratilake et al., 2011; Couch et al., 2018; McAllister & 
Guidice, 2012; Cahyaningrum & Hidayat, 2018). Giving tests with various forms of 
procedures and feedback has a positive effect on student achievement (Phelps, 2012). 
Hence, the validity of the test instrument is a must so that the results obtained can be 
used as a reference for improving the quality of the following learning. 

 

CONCLUSION   
 

 Based on the results of this research and discussion, the developed multiple-
choice and true-false tests have met the criteria for validity and reliability. Validity 
tests on the multiple choice test found 18 items that fit the Rasch model with outfit 
MNSQ of 0,78-1,27 and outfit ZSTD of -0,7-1,6. Validity test on true-false test found 17 
items that fit the Rasch model with outfit MNSQ of 0,77-1,33 and outfit ZSTD of -0,9-



CO-CATALYST: Journal of Science Education Research and Theories 
Vol. 1, No. 1, May 2023 

52 

1,9. Analysis of the difficulty level of the question showed varying results ranging 
from easy, moderate, difficult, and very difficult. Based on the test results, 15 items of 
each test type were retained. The selection of these 30 items was based on the similarity 
of learning outcomes measured by each test item. Further research can be conducted 
using this test to determine students' conceptual understanding of physics as 
measured by different tests. It will give more knowledge on the effectiveness of the 
assessment for measuring learning outcomes, which is one of both types of tests much 
more difficult according to students' responses and can be used as a reference for 
improving the quality of the following learning. 
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