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Abstract: Mastery of concepts and solving is the most crucial part of Physics Lectures. The concept of 

understanding describes students’ understanding of the actual physics material. This research aims to analyze 

students’ mastery of physics concepts in the material of Force and Motion while lectures are conducted 

online. This study uses a mixed-method approach to explain students’ answers that still need clarification. 

Data analysis was carried out using the Rasch model, and a questionnaire was developed based on the 

possibility of students’ responses to the concepts of force and motion. The results of this study indicate that 

students’ understanding of the concept of force and motion material still needs to improve, namely 64.062%, 

around 94% of glasses Tadris students think that the force and motion material given by lecturers during 

exams is challenging. More than 60.94% of students believe this is because the ability of the force and motion 

material they have still needs to improve. These results are interpreted based on analysis through the Winstep 

application Version 3.65.0. Moreover, qualitative data were obtained from interviews. It takes a learning 

model that is appropriate for use in online and offline learning. 

 

Keywords: Conceptual understanding, Rasch Models, Online Learning 

How to Cite: Sulman, F., Yuliatai, L., Kusairi, S., Hidayat, A., Pentang, J. & Mensah, B. (2023). 

Investigating concept mastery of physics students during online lectures through Rasch models 

on force and motion materials. Jurnal Inovasi Pendidikan IPA, 9(1), 95-106. 

doi:http://dx.doi.org/10.21831/jipi.v8i1.57308  

INTRODUCTION 

In the era of the Industrial Revolution 4.0, the process of education and science is always 

supported by technology and is an inherent and inseparable unit in the lecture process (Hariharasudan 

& Kot, 2018; Shatalebi et al., 2011). Higher education is the most important forum for realizing a new 

paradigm in the education system, especially in physics education (Ouyang & Jiao, 2021; Sulman, 2019; 

Sulman et al., 2020). Higher education is the most critical forum for realizing a new paradigm in the 

education system, especially physics education (Sulman, Sutopo, et al., 2021). In the context of the use 

of technology in the lecture process, the analysis of conceptual understanding and cheating in answering 

questions in physics learning is critical so that both conceptual abilities and educators’ misconceptions 

about the actual quality of students during lectures, both face to face and distance can be observed 

(Sulman, 2012; Sulman, Sutopo, et al., 2021; Sulman, Yuliati, Kusairi, et al., 2022; Veugen et al., 2021).  

The success of students in the lecture process can be seen in how much students understand the 

concepts of the material being studied (Goodhew et al., 2021; Meltzer, 2002) and how much they can 

do the test questions given (Gurcay & Gulbas, 2015; Putra et al., 2021; Rozal et al., 2021; Sulman, Tanti, 

et al., 2021; Zb et al., 2020; Zb, Setiawan, et al., 2021) because both are a unity that cannot be separated 

in an assessment conclusion, in other words, students have difficulty in analyzing contextual problems 

in a theory or modeling (Kibirige & Mamashela, 2022; Nehru et al., 2020). 

Lectures should be a form of learning that can connect two learning environments simultaneously 

(Aycock et al., 2002; Hapke et al., 2020), one of which combines face-to-face and distance learning 

which has been proven to increase student creativity (Rosbottom, 2001; Zb, Setiawan, et al., 2021), and 
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is a solution and necessity in this era, so that the learning process can be carried out both in normal and 

emergency conditions such as the Covid-19 pandemic (Sulman, Yuliati, Purnama, et al., 2022; Zb, 

Setiawan, et al., 2021). Lectures must maintain the quality and student learning outcomes to the 

maximum, which can be used in solving problems in various conditions (Kibirige & Mamashela, 2022; 

Lestari et al., 2021). Students coming to campus or not will be able to receive learning with the same 

quality because the learning objectives are designed to provide knowledge, or it is cross-border learning  

(Cremers et al., 2014). All students’ knowledge and beliefs can be maximized by using appropriate 

learning models so that students’ conceptual mastery abilities are expected to be maximally maintained. 

Students’ ability can be proven to answer questions well in offline and online test questions. Answering 

a question correctly must be accompanied by good mastery to solve the given problem. The maximum 

ability possessed by students can be realized if all concepts can be used in solving problems, and physics 

lectures, both online and offline, must be able to encourage and motivate students in the learning process. 

If using a suitable learning model, it is believed to be able to make the physics learning process fun. In 

various conditions (Zb, Novalian, et al., 2021), this is one of the essential things in a physics lesson, so 

mastery of concepts can be built quickly and maximally. 

Mastery concepts are essential so students can apply them in problem-solving (Nisa’ et al., 2019). 

Almost all studies have tried to reveal students’ understanding of concepts under normal conditions 

(Helms, 2014; Lin, 2008; Rosbottom, 2001), and very few studies on learning models that can be 

solutions and used amid a pandemic (Zb, Setiawan, et al., 2021). Mastering student concepts with a 

suitable learning model is believed to be able to contribute to the maximum while at the same time being 

able to show a student’s true abilities in solving problems so that both inhibiting factors in the process 

of understanding material concepts and indications of cheating in various conditions can be minimized, 

one of which is in introductory physics courses, especially in force and motion. 

The concepts of force and motion have an important role in learning physics. Student’s difficulties 

in understanding force and motion have a long history in physics education research and science 

education (Bayraktar, 2009; Brookes & Etkina, 2009; Tao et al., 2018; Thornton & Sokoloff, 1998). 

Students in mastering style and motion experience various kinds of difficulties. Difficulty mastering the 

material in studying force and motion, including determining the components of the total force (Singh 

& Schunn, 2009), 3) determining the magnitude and direction of acceleration of moving objects (Sutopo 

et al., 2012). In addition, students also often misunderstand the relationship between acceleration and 

force. Most students think that the relationship between acceleration and force is not a covariance 

relationship but a causal relationship (Sutopo et al., 2012) and also that students may not all be able to 

activate a model where “moving force” is needed to maintain a constant speed of motion under certain 

conditions (Brookes & Etkina, 2009). The difficulties experienced by students have an impact on low-

concept understanding. Moreover, learning is carried out outside of ideal conditions; the difficulties of 

students in Style and Motion material are certainly more severe with conditions or circumstances that 

are out of the ordinary and must be addressed given a solution so that students are still able to master 

concepts well and can use them to solve problems. Student’s difficulties in mastering force and motion 

still need to be investigated further (Meiliani et al., 2021).  

The problems above show that understanding the concepts of force and motion is a fascinating 

study to observe and analyze further because it is a fundamental requirement for a spectacles educator 

and is the foundation for students to understand physics material further. Therefore in kinematics 

material, especially force and motion, where the relationship between concepts is significant and if 

students can link between concepts in solving a problem and students show in detail and are good at 

interpreting all components that theoretically work, then learning can run optimally (Mufida & Widodo, 

2021; Reyza et al., 2023). The expected understanding of the concept in the lecture process is where 

students can understand not only physical concepts but also be able to apply them to solving a problem 

so that the physics theory obtained by students is not only a formula for training or working on questions 

but more profound than the concept. The concept of glasses can be used to be applied in life. Of course, 

in the middle of both online and offline lectures, accuracy is needed in choosing a lecture strategy 

(Mutanaffisah et al., 2021) so that students are indeed able to have an understanding of concepts that are 

students’ fundamental abilities towards the physics material being studied. Therefore, the study of 

mastery of student concepts in the application of learning needs to be carried out in a more in-depth 

analysis, especially in conditioning lectures during the pandemic and the new normal. 
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METHOD 

Mixed-method in the form of an explanatory Sequential Design model Design (Creswell, 2012) s 

a form of research used in this study. The picture of the research design in the study can be seen in 

Figure 1.  

 

Figure 1. Explanation Design: Follow-up Explanation Model (Quan Emphasized) (Creswell, 2012) 

The research was conducted at the State Islamic University of Sultan Thaha Saifuddin Jambi, 

Indonesia, with the focus and research subject on Physics education undergraduate program students. In 

this study, the population used was 65 students who had taken or studied basic physics. The research 

sample comprised 65 students (9 male and 56 female). The research subjects are in semesters II, IV, and 

VI, aged 18 to 23 years. The sampling process uses a total sampling technique (Creswell, 2012). The 

sampling technique in research aims so that the data taken can represent the description of the research 

results and by the Rasch model process where the more population that represents the research subject, 

the better the data will be (Sulman, Sutopo, et al., 2021). Data Interviews were conducted with all 

respondents, amounting to 65 people, so the answers truly represented the respondents. 

This research uses two types of data: quantitative and qualitative. For quantitative data in this 

study, a test is used as a student’s concept understanding test in multiple-choice questions, totaling 47 

questions from Force Conceptual Understanding. FMCE is a standard instrument commonly used to 

assess students’ conceptual understanding of force and motion (Kohl & Finkelstein, 2008; Meltzer, 

2002; Stewart et al., 2021; Sulman, Sutopo, et al., 2021). Expert experts have validated the item items 

used in the research to become a reference before the research. According to the results of expert 

validation, several notes and concerns were obtained before the questions were used. After 

improvements were made according to expert advice, the questions were usable or valid. After that, 

empirical validity was carried out in a modern way, where the research instrument used a model program 

with the Winstep program Version 3.65.0 so that the instrument was able to measure students’ mastery 

of concepts in force and motion material. The research process Then continued with the interview 

process in the form of 2 questions, namely initial and follow-up questions. Students are asked to describe 

the problem-solving process used in answering questions. The data obtained from the results of 

interviews that have been conducted are used to become reinforcement and a tool to detect indicators of 

students’ absolute concept mastery, primarily when online tests are carried out so that they can see more 

deeply from the student’s point of view as respondents how students in learning carry out the process. 

Answer the forces and materials of motion. 

Data analysis in this study is to combine approaches, namely quantitative and qualitative. 

Quantitative data analysis used the Rasch model point of view, and qualitative data was taken using 

interview questionnaires which were also used to strengthen the results of quantitative data analysis on 

student concept mastery tests on force and motion material. The test results obtained are analyzed after 

all respondents have completed online lectures. Through the Rasch model with the Winstep application 

Version 3.65.0. it will be apparent that the mastery of the students’ concepts after online learning is 

carried out. The research data analyzed through the Winsteps Version 3.65.0 program will get item 

parameters that fit based on the Rasch model. The reliability of the questions used is determined based 

on the magnitude of the value between the reliability of each item and the reliability of the item as a 

whole, with a considerable Cronbach alpha value as a reference. Then, the item model is considered 

appropriate if the MNSQ Outfit value is 0.5 to 1.5. 

The standard Z value (ZSTD) ranges from -2.0 to 2.0. Then the correlation value ranges from 0.4 

to 0.85. This indicator becomes a reference in seeing questions that are fit or already by the Rash model. 

Mastery of concepts was analyzed using the Rasch model through the Wright Map and the DIF Item 

graph based on the logit scale. For mastery of student concepts, it will be reviewed from the logit Mesure 

scale value, where the logit average value is always set at 0.0 logit, which is the standard for the level 
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of difficulty of the questions and the standard of student ability (Bohori & Liliawati, 2019; Sulman, 

Sutopo, et al., 2021). If the student’s ability is spread below 0.0 logit, the student’s mastery of concepts 

is weak, and vice versa. Then for qualitative data, the results of student questionnaires for the first 

question will be presented as a percentage of the difficulty of the questions being worked on, whether 

complex, medium, or easy. Then proceed with follow-up interviews to get more detailed and in-depth 

results regarding the obstacles experienced by students in money lectures conducted online.  

The steps of data analysis are; (1) The online test questions are collected in big data in Excel 

format, and (2) the coding process is carried out. (3) Then, the test results were tested using the Winstep 

program Version 3.65.0 and presented to map each student’s conceptual understanding regarding force 

and motion in answering test questions. (4) The first question questionnaire is distributed. (5) The coding 

process is carried out. (6) Presentation of Analysis Results. (7). Follow-up question questionnaire (8) 

Coding process (9) Presentation of analysis results (10) Concluding analysis results from quantitative 

and qualitative data (11) Providing Conclusion Interpretation on special force and motion material in 

online lectures. 

RESULT AND DISCUSSION 

Analysis of Student Concept Mastery 

From the research process that has been carried out, it is very clear and detailed that the actual 

ability of students is detected to have a significant difference, one of which is from understanding the 

concept (Maya et al., 2023; Riantoni & Yelianti, 2023; Sofna et al., 2023). an understanding of the 

concepts that individuals should have to be able to solve all physics problems comprehensively and 

better, which of course, can be proven directly in the application of the concepts given both in problem-

solving and application in everyday life (Reyza et al., 2023; Taqwa et al., 2022). Understanding the 

concept from the results of observations made, especially in the eyes of material force and motion, is a 

must that students must possess. The results of student observations showed that they were not good 

enough or able to master the concepts of force and motion, so they would have difficulty understanding 

further understanding at a higher level (Yusuf et al., 2022; Zakwandi et al., 2022). The importance of 

detecting student understanding of concepts makes students skilled and able to participate in the learning 

process fully. 

In the research that has been carried out, some important data can be used as input where the 

importance of understanding the concept must be seen and investigated so that it can become input for 

the world of physics education in the future, such as the data obtained in this study. The data on student 

learning outcomes can be seen from personal statistics: measure order. The distribution of student scores 

can be seen in Figure 2.  

From Figure 2. If it is seen from the Outfit Mean Squared (Outfit MNSQ) value in Figure 2, the 

score is 1.00, and the person’s score is 0.7. The research data presented shows the accuracy of the 

instrument to be used. The measurement criteria clearly explained in the appropriate item category are 

0.5 < MNSQ < 1.5, so the force and motion instruments are valid for measuring students’ mastery of 

concepts. Then it can also be stated that the data obtained has a value that is most likely very rational. 

The acceptance of a good assessment of the mastery of the concept of force and motion as a measuring 

tool is because the Outfit Z Standardized (ZSTD) score is 0.38 for people and 0.1 for items. In other 

words, overall, the questions used have met the criteria of the Rasch model (Shea et al., 2012; Sulman, 

Sutopo, et al., 2021; Tseng et al., 2019), and in terms of the average score, the respondent must answer 

this question because the question is straightforward, namely at an average score of -1.87. The criteria 

that have been presented show that the instrument used is feasible to test students’ mastery of concepts. 

The results of the data analysis of student’s mastery of concepts on the force and motion material 

that can be seen in Figure 2 can be described as that of 64 students. Only one person can answer correctly 

27 questions, namely the student with code 4A22, who, if converted with a score of 100, will get a 60. 

Two students can answer correctly 14 to 16 questions (scores 31.35 to 35.55). Then 20 students could 

only correctly answer nine to 13 questions (scoring 20 to 28.89). Thirty students can answer five to 8 

questions (scores 11.11 to 17.78). A total of 12 students could only answer 2 to 4 questions (scoring 

4.44-8.87), and students obtained the lowest score with code 6A16. The data presented above clearly 

shows the low concept ability of students during online learning. The low ability of students is a clear 
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indication that there is a need to improve online learning patterns (Dong et al., 2020; Mishra et al., 2020; 

Shah et al., 2021), which are genuinely appropriate for achieving lecture goals. 

 

Figure 2. Distribution of student answers based on the Rash Model 

The results of the analysis of questions answered by students can be seen on the Wright Item-

Student Map in Figure 3. 
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Figure 3. Wright map of questions 

Figure 2 shows that the questions are actually in a proper category as a measuring tool for mastery 

of concepts in both online and offline lectures. The questions shown in the picture on the right above 

are the difficulty level of the questions that the respondent must answer. The problem analysis is viewed 

from the logit value of 0.0, which is the standard for measuring the ability and difficulty of the questions. 

Questions 34, 41, 20, 38, and 40 are the most difficult questions with a logit value greater than one logit, 

while questions 25, 6, 13, 4, 32, 1, and 29 are questions with low criteria with low-value criteria Logit 

1, which should be very easy for the respondent to answer. Then the remaining 34 questions are within 

the criteria that students should be able to answer if they have a good mastery of concepts. Judging from 

the questions answered by students, it can be concluded that mastery of student concepts is still low. On 

average, students have not been able to answer questions optimally. For more details on the mastery of 

student concepts on the material of force and motion, it can be seen in Figure 4. 
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Figure 4. Wright person-item Peta map 

Based on the data obtained through the Wright map in Figure 3, it can be observed how the 

distribution of students’ abilities in answering each concept mastery question is. Figure 3 shows that 

about five questions are rated logit 1, which students can answer. Students with code 4A22 have the 

highest concept mastery skills and can answer questions with medium, low averages and several 

questions in the high category with logit scores. The data in Figure 3 clearly shows that mastery of 

concepts will enable students to answer questions in all categories and not only in some categories 

(Mestre et al., 2011; Stoen et al., 2020; Wells et al., 2019). The research data obtained and presented in 

Figure 3 indicates that students with code 4A22, as shown by the Rasch model, have a good mastery of 

concepts. Students below 0.0 logit are included in the category with below-average concept mastery 

skills in the standard difficulty level. The division of Figure 3 can be simplified in Table 1 

Table. 1 Student Concept Mastery on Force and Motion Materials 

Item Student Code N % Category 

1 4A22 1  1,563% Excellent 

2 4A16, 8A1, 4A13, 4A4, 6A18, 4A1, 4A31, 6A11, 6A30, 4A5, 4A7, 6A2, 

6A25, 6A7, 6A9, 4A12, 4A18, 4A25, 4A9, 6A15, 6A19, 6A5 
22 34,375% Low 

3 2A2, 4A10, 4A17, 4A2, 4A24, 4A27, 4A28, 4A8, 6A12, 6A22, 6A23, 

6A28, 6A29, 6A4, 2A1, 4A14, 4A29, 4A3, 6A20, 6A26, 6A27, 6A25, 

6A3, 6A8, 4A11, 4A19, 4A20, 6A10, 6A14, 6A17 4A15, 4A21, 4A23, 

4A26, 4A32, 4A6, 6A13, 6A1, 6A21, 6A6, 6A16 

41 64,062% 
Very 

Low 
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Table 1 shows that, on average, only one student mastered the concept of force and motion in the 

excellent category. Then 22 people have a common concept understanding. In addition, there are as 

many as 41 students in the outliers category (under the T scale of questions), or students who have low 

abilities from the lowest difficulty of questions or, in other words, have meager conceptual 

understanding abilities. Thus, lecturers should make this an early warning in online lectures that are 

being carried out, especially for 41 students. The analysis continued with the interview process, where 

the results of the data obtained can be seen in Figure 5 

 
A1: The question given are easy; A2 : The question given are mediun; A3 : The question given are difficult 

Figure 4. The results of the interview test students’ difficulties in the problem of mastery of the concept of force 

and motion 

Figure 4 it can be seen how the student’s responses after the test; There are three primary forms 

of all respondents’ answers, where only 1% (1 person) of respondents stated that the questions analyzed 

were easy, then 5% (3 people) of respondents stated that the force and motion test questions had 

moderate difficulty, and 94% (61 people) respondents said the test questions were difficult. Qualitative 

test data from interviews align with the results of quantitative tests that students have carried out on 

mastery of concepts where most students experience difficulties or fail to give correct answers. Then 

proceed with a different interview process to find out the obstacles students experience during the lecture 

process using online lectures in answering. Interview questions were carried out after students found out 

the results of the tests given, then students were taken to be interviewed. Interview questions were only 

used in 3 forms questions whether the tests and material were easy, medium, or complicated, then the 

researchers made them into quantitative values so that they were easy to see and understand. 

From Figure 5, which is regarding the follow-up analysis of the interview, the difficulties faced 

by students in answering the question of force and motion are divided into three components, namely 

the lack of understanding of the material, the distribution of lecture time that is not maximal and learning 

resources that are still lacking. As for the results of interviews with students, data was obtained that as 

many as 39 students (60,94%) thought difficulties occurred because of a lack of understanding of the 

material. As many as 16 people (25%) thought the inappropriate distribution of lecture time resulted in 

difficulty understanding the subject matter. The remaining ten people (15.625%) considered their 

difficulties in understanding the material due to learning resources. It is still very difficult to get, so rely 

on the explanation in class. As for the data in the picture above, it is more likely to admit that it is 

difficult to answer questions correctly because their understanding of the material is still lacking. The 

material they have is only a basic formula that is difficult to use in problem-solving applications; in 

other words, students have not become physicists who are characterized do not yet have the extensive 

capabilities that professional physicists usually do, where answers are only based on individual consent, 

not due to theoretical analysis or concepts of force and motion (Scott & Schumayer, 2018; Smith & 

Wittmann, 2008). The results of this qualitative data analysis align with the quantitative data presented, 

where a conclusion can be drawn that, on average, students have low conceptual mastery skills in force 

and motion. 
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Figure 5. The results of the interview are deeper into student difficulties 

CONCLUSION  

From the research process and data analysis described, it can be concluded that, on average, 

students of tardis physics, especially the material of force and motion, do not understand well, where 

students’ ability to master concepts is still meager, namely, actually 64.062%. As many as 94% of 

physics tardis students think that the force and motion material given by the lecturer during the test is 

challenging, and more than 60.94% of students thought it was due to the ability of the material force and 

motion that they had was still lacking. Observation results indicate that there is still a need for a learning 

model appropriate for online and offline learning. It is hoped that future researchers can use suitable 

learning models to improve student learning outcomes in good physical lectures, especially learning that 

is done online. 
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