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Abstract 

This study aims to determine the effectiveness of using a web-based assessment on students’ 

conceptual understanding of equilibrium and rotation dynamics. The method of collecting data 

using a quasi-experimental design with an experimental procedure is One-Group-Pretest-

Posttest Design. The data analysis technique used descriptive statistical calculations in pretest, 

posttest, and N-gain scores. Besides, using different test paired sample t-test, effect size, and g-

factor. The results other the pair results ed-sample t test showed-test the use of web-based 

assessment had a very large effect on students’ mastery of concepts as indicated by the difference 

in the pretest and posttest scores. With the g-factor, there is the effectiveness of learning using a 

web-based assessment, and there is an increase in scores due to treatment, and students’ initial 

ability does not influence it. With a correlation test for pretest and N-gain scores and a correlation 

test for pretest and posttest scores, web-based assessment effectively facilitates all students.   

Keywords: understanding the concept, the web-based assessment, equilibrium and rotation 

dynamics  

INTRODUCTION 

Physics is a natural science branch that aims to develop students’ analytical skills, understanding, 

and knowledge of the surrounding environment (Azizah, Yuliati, & Latifah 2015). Physics subjects’ 

objectives could be stated essentially achieved if students have a deep understanding and knowledge 

of physics concepts (Hastuti & Rahardjo n.d.). Students’ understanding of concepts will determine how 

students identify problems and determine problem-solving strategies (Yerushalmi, Cohen, Mason, & 

Singh 2012). Understanding the idea in question is still contrary to students who only memorize 

concepts and do not know how to use them when facing a problem. This causes students to feel 

demanding when solving a physics problem. It is proven that Indonesian students’ ability to solve 

physics problems is in a low category, which is on the 50th order out of a total of 57 countries or at 

level three of the six existing levels. This situation is preceded by reasons that significantly affect the 

ability of students. 

Several things cause a lack of concepts understanding by the students in solving physics problems. 

First, students’ inability to identify the issues cannot understand problems and solve them (Soong, 

Mercer, & Er 2009). Second, students are often only given ready-made formulas without understanding 

the meaning of those formulas (Sayyadi & Hidayat 2016). Therefore, when looking at some of these 

causes, understanding the concept is very important for students to train and solve various complex 

problems that are increasingly complex, especially issues in physics subjects (Laksmiari 2019).  
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One way to improve students’ conceptual understanding in solving physics problems is by 

implementing meaningful learning (Bakri et al. 2020). Meaningful physics learning can be done to 

assemble a complete experience and not easily forgotten. The teacher creates a component of teaching 

and learning to develop a meaningful understanding (Short & Graham 2020). Still, it also requires 

unlimited effort support between teachers, students, tools, media, learning models, assesment, and 

facilities and infrastructure to support learning (Sugiyanto 2019). One of them is an assessment media. 

The use of well-designed and implemented assessments can improve understanding (Izci 2020), 

increase student competence, and provide the information needed by teachers and students to enhance 

the learning process. This causes teachers and students to improve the learning process and outcomes.  

Apart from all that, there is one fact that cannot be denied. That fact is that today’s world has 

challenges in which the technological era is developing very rapidly (Twining 2020). This is 

undoubtedly a challenge for teachers, including in applying technology to student assessment activities 

(Petra & Aziz 2020). Technology-based assessments are generally found in the form of Computer-

Based Tests (CBT) (Nissen 2018) and web-based (Kim & Ryu 2013). One of the CBT-based evaluation 

weaknesses is that it must be done using a computer device (Nissen 2018), unlike the web-based 

assessment, which is more flexible because it can be used on various devices such as computers, 

laptops, and smartphones. However, a web-based evaluation requires that the user must have an internet 

connection. Based on APJII’s survey, there are quite a lot of internet users in Indonesia (Irawan et al. 

2020). At school age, students have a total of more than 2 million users (Irawan et al. 2020). 

Therefore, in this study, the researchers tried to make an assessment based on an online or web-

based assessment. This study’s focus or purpose is to see the effectiveness of web-based assessments 

developed on the students’ conceptual understanding of the equilibrium rotation dynamics material. In 

previous studies, there has been no research using web-based assessment media to see students’ ability 

to understand concepts on equilibrium and rotation dynamics. 

METHODS 

This study used a quasi-experimental method. The results of the data analysis used quantitatively 

in nature, intending to test the predetermined hypothesis.  

H0 = web-based assessment is not effective in increasing the students’ conceptual understanding of 

equilibrium and rotation dynamics. 

Ha = web-based assessment is effective in increasing students’ conceptual understanding of 

equilibrium and rotation dynamics. 

The experimental design used is One-Group-Pretest-Posttest Design, so it will be seen how the 

treatment effect in the form of a web-based assessment improves students’ understanding of concepts 

in learning. The one group pretest-posttest design pattern is shown in TABLE 1 below. 

TABLE 1. Research design One Grup Pretest-Posttest Design 

Group Pretest Treatment Posttest 

Experiment O1 X O2 

 
This research was conducted at SMAN 3 Pamekasan, which consisted of 45 students of class XI 

MIPA 6. The data collection instrument used was the concept mastery test. The data analysis technique 

used was obtained from the pretest, posttest, and N-gain scores. A paired sample t-test is used to 

determine whether there were differences in the students’ mastery of concepts before and after the use 

of the web-based assessment. A paired sample t-test was performed on the average pretest and posttest 

scores. To find out how much increase between pretest and posttest scores due to treatment using the 

effect size. To be able to interpret the value of the effect size that has been obtained, whether it is small, 

medium, or large. It can be seen in TABLE 2. 

TABLE 2. Guidelines for Providing Interpretation of the Effect Size Value 

Relationship Level Coefficient Interval 

0.00-0.199 Very Low 

0.20-0.399 Low 

0.40-0.599 Moderate 
0.60-0.799 Strong 

0.80-1 Very Strong 
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To determine the effectiveness of learning and the increase in student scores, many researchers use 

normalized gain analysis or g-factor (Coletta & Phillips 2005; Hake 2014; Korff & Rebello 2012; 

Waldrip & Rusdiana 2012).  The N-Gain criteria can be seen in TABLE 3. 

   

TABLE 3. The N-Gain Criteria (Sutopo & Waldrip 2014) 

The Average Gain Scorer Category 

(g) ≥ 0.25 Low 
0.25 ≤ (g) < 0.45 Lower Medium 

0.45 ≤ (g) < 0.65 Medium 

(g) < 0.65 High 

 

A correlation test is used To reinforce the claim that web-based assessment is useful in facilitating 

all students. Also, a correlation test is carried out on the pretest and N-gain scores achieved by each 

student and a correlation test for the pretest and posttest scores (Korff & Rebello 2012). 

RESULTS AND DISCUSSION 

Web-based assessment is critical to use in learning when it refers to essential points of material and 

difficulties experienced by students. Students’ problem is more to the concept that is not correct, so 

meaningful learning is needed to make students understand more deeply and make an impression when 

understanding the idea. Meaningful learning could be realized by involving students in education, 

making students both writers and evaluators (Gogoulou, Gouli, Grigoriadou, Samarakou, & Chinou 

2020). Students are said to be evaluators when students evaluate themselves on what they are doing to 

deepen the material that students have mastered indirectly. Students are said to be writers when students 

write what they understand/do not understand after/before reading the provided conceptual question 

feedback. 

Students as evaluators and writers are poured into an assessment form designed with a website -

based public network (online assessment). Implementing online examinations will be more efficient in 

terms of time, funding, and assessment objectives (Sahidu & Astutik 2017); (Conole & Warburton 

2005). In some universities in the United States, this kind of assessment is used as additional subjects 

that have been done after regular r lectures hours. It doesn’t interfere with the learning process in the 

classroom.  

The components presented in the web-based assessment are in the form of conceptual question 

exercises consisting of 10 multiple choice questions for three meetings. The answers consist of the 

first-tier in the form of answer choices from the questions given, and second-tier reasons support 

students’ answer choices. The second-tier questions’ presentation made the students not just answer 

but required students to think about the reasons for the answers they chose. In understanding the 

fundamental concepts of rotation dynamics, a pattern is needed to differentiate between students who 

understand the idea and students who do not understand it. (Sutopo et al. 2017) suggested that the 

conceptual questions presented should be in the form of multi-context and multi-representational 

questions. In this study, the questions used in the assessment used a verbal representation format or 

pictures. 

Furthermore, the in-depth study of the material is carried out by providing quick feedback 

(Henderson & Harper 2009; Koenig, Endorf, & Braun 2007; Salas-Morera, Arauzo-Azofra, & García-

Hernández 2012; Yerushalmi et al. 2012). Feedback given quickly will directly improve students’ 

conceptions (Gladding, Gutmann, Schroeder, & Stelzer 2015). Giving feedback will benefit students’ 

learning activities, including (1) increasing learning motivation; (2) increasing self-confidence; (3) 

helping students to understand where the mistakes are; and (4) helping students to correct their 

mistakes; (5) individually correcting a wrong understanding and strengthening the correct 

understanding. 

There is also a self-assessment in this web-based assessment, where students can express difficulties 

when solving problems. Later on, students themselves will find answers to these difficulties by looking 

at the discussion of questions. In the web-based assessment, the question presentation model is made 

with the theme “How to be a millionaire “, where students will not come out or continue to the next 
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question until they answer the question correctly, assisted by an explanation of the material. So that in 

the end, students will try to read and understand the problems repeatedly, which causes students to be 

rich in knowledge or become science billionaires. When students frequently do the questions, the 

students will find it easier to understand learning physics. FIGURE 1, FIGURE 2, FIGURE 3, FIGURE 

4, is presented in the form of an example of a web-based assessment display. 

 

 

 FIGURE 1. Example of a Tier-1 Web-Based Assessment Question Display 

 

 

 FIGURE 2. Example of a Tier-2 Web-Based Assessment Question Display 

 

 

FIGURE 3. Example of Web-Based Assessment Feedback Display 
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FIGURE 4. Example of Web-Based Assessment Self-Assessment Display 

The paired sample t-test showed a significant difference in the mean score between the pre-test and 

post-test, t (df = 39) = 13.015, p = 0.000 d = 2.06. seen that p = 0.000 <0.05, then H0 is rejected. The 

post-test score (mean = 13,800) was higher than the pretest score (mean = 8.175) . The value of the d-

effect size (d = 2.06) is included in the vast category. This means that, statistically, web-based 

assessments greatly affect students’ mastery of concepts as indicated by the difference in pre-test and 

post-test scores.  

To determine the effectiveness of learning and the increase in student scores, many researchers use 

normalized gain analysis or g-factor (Coletta & Phillips 2005; Hake 2014; Korff & Rebello 2012; 

Waldrip & Rusdiana 2012). The G- factor can be calculated through the normalized gain of the class 

mean 〈𝑔〉 and the average of the normalized gain 〈�̅�〉. Distribution of gain values shown in FIGURE 5. 

The low category is worth 0.09091 with a frequency of 1, 0.125 with a frequency of 1, 0.14286 with a 

frequency of 2, 0.16667 with a frequency of 3, and 0.2 with a frequency of 1. The lower medium 

category has a value of 0.25 with a frequency of 14, 0.27273 with a frequency of 3.28571 with a 

frequency of 1, 0.33333 with a frequency of 16, and 0.36364 with a frequency 2. The medium category 

is worth 0.45455 with a frequency of 3.5 with a frequency of 14, 0.57143 with a frequency of 3, and 

0.6 with a frequency of 9. The high category is worth 0.66667 with a frequency of 3 and 1 with a 

frequency of 7. The calculation result 〈𝑔〉 is obtained at 0.438 during the calculation 〈𝑔〉 is obtained 

for 0.439. The g-factor value is included in the lower medium category. This shows that the 

effectiveness of using web-based assessments can improve students’ understanding of concepts.  

 

 

FIGURE 5. Distribution of gain values <g> 
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The correlation test was carried out on the pre-test and N-gain scores achieved by each student and 

a correlation test on the pre-test and post-test scores (Korff & Rebello 2012). The result showed there 

was no correlation between the pre-test and post-test scores with the N-gain achieved by each student, 

p = 0.971. The correlation test on the pre-test and post-test scores showed a significant correlation of p 

= 0.001 with a high positive correlation value r = 0.502. Thus, the web-based assessment is useful in 

facilitating all students.  

The web-based assessment’s effectiveness on students’ conceptual mastery based on the difference 

in the pre-test and post-test scores above is measured using the same concept mastery test questions 

given in the pre-test and post-test. Therefore, the pre-test and post-test implementation in this study 

have a sufficient grace period to prevent students from working on pre-test questions by remembering 

post-test questions. In further research, it is recommended to use a different set of problems but with 

an equal level of difficulty during the pre-test and post-test to avoid students remembering the form of 

the pre-test questions when working on post-test questions. 

CONCLUSION 

The web-based assessment, which has been developed, is effective in improving students’ mastery 

of concepts on equilibrium and rotation dynamics. This result could be seen from the pre-test and post-

test scores. There was a very large difference in the category between score pre-test and post-test (d-

effect size = 2.06) with a score of pros t-test higher pre-test. The pre-test increase to post-test scores 

was in the lower medium category, with the class normalized gain value of 0.438. Moreover, this 

developed web-based assessment effectively facilitates all students to improve their mastery of the 

concept. Both students get high scores and low scores on the pre-test. All students experienced an equal 

gain in the score, indicated by the similarity between〈𝑔〉 and 〈�̅�〉. There was no correlation between the 

pre-test score and the gain achieved by each student. 
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