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Abstract: The goal of this study was to reduce students' alternative 

conceptions (misconceptions) of action-reaction forces through the 

use of e-rebuttal texts. A mixed-methods approach, incorporating 

both quantitative and qualitative methods, was employed. The 

participants included 31 tenth-grade students (15 boys and 16 girls, 

aged 15-16 years) from a public high school in Sukabumi, West Java, 

Indonesia. The instrument utilized was a four-tier test consisting of 9 

questions related to action-reaction forces: 3 verbal questions for the 

pre-test, 3 mathematical questions for the post-test (administered 

after learning), and 3 pictorial questions for the delayed post-test 

(administered over time). Data were analyzed based on categories of 

conception and correction of conceptions. The results indicated 

positive changes from the pre-test to the post-test, which remained 

consistent in the delayed post-test. The most significant rate of 

correction in students' conceptions from the pre-test to the post-test 

was observed in the Acceptable Change (ACh) category, while the 

highest percentage of changes from the post-test to the delayed post-

test occurred in the No Change (NCh) category. It was concluded that 

e-rebuttal texts effectively reduce students' alternative conceptions 

(misconceptions) of action-reaction forces both immediately after 

learning and over time. Future researchers may consider utilizing 

learning models or strategies that involve group discussions to further 

facilitate the learning process. 
 

 

INTRODUCTION  

Education is a crucial tool for 

creating human resources who can adapt 

to contemporary challenges (Dudeja, 

2023; Tanjung, 2020). Today’s education 

not only focuses on knowledge but also 

on developing scientific attitudes and 

21st-century skills (Berg et al., 2021; 

González‐pérez & Ramírez‐montoya, 

2022; McPhail, 2020). Skills like critical 

thinking and problem-solving can be 

enhanced if students have a deep 

understanding of specific subjects. This 

thorough grasp allows students to apply 

knowledge creatively, analyze 

information effectively, and tackle a 

variety of problems with greater insight 

and innovation. Thus, understanding is 

the foundation for developing other skills. 

Understanding science content is 

particularly important in this technology-

driven era. Technological advancements 

are greatly influenced by theories, laws, 

and concepts in physics. Therefore, 
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understanding of physics concepts is 

essential for students.  

Students bring initial concepts from 

their everyday experiences into physics 

learning (Banda & Nzabahimana, 2021). 

However, these initial concepts often do 

not match scientific concepts, leading to 

alternative conceptions or misconceptions 

(Fratiwi, Samsudin, Ramalis, Saregar, et 

al., 2020; Mason & Zaccoletti, 2021; 

Samsudin et al., 2024). These alternative 

conceptions are frequently found in 

various physics concepts, especially 

fundamental ones like force concepts. 

Students continue to struggle with deeply 

understanding the relationship between 

acceleration, force, and mass (Fratiwi, 

Samsudin, Ramalis, & Costu, 2020). In 

line with this, a preliminary study 

conducted at a public high school in 

Sukabumi revealed that 65% of students 

have alternative conceptions regarding the 

concept of action-reaction force 

(Newton’s Third Law). Given that this 

concept is fundamental to various topics 

in introductory mechanics, understanding 

it is crucial. 

Students’ conceptual understanding 

can be enhanced and alternative 

conceptions can be corrected through the 

process of conceptual change 

(Aleknavičiūtė et al., 2023; Resbiantoro et 

al., 2022). Many studies confirmation that 

conceptual change approaches are 

effective in improving students’ 

understanding (Banda & Nzabahimana, 

2021; Bouchée et al., 2022; Potvin et al., 

2020; Samsudin et al., 2020; Suhandi et 

al., 2017). Posner et al. (1982) suggested 

that to change students’ conceptions, 

certain conditions must be met: students 

need to be dissatisfied with their current 

concepts, and the new concepts must be 

comprehensible, believable, and practical. 

The four conditions projected by Posner 

et al. (1982) can be cultivated through a 

learning process. This is because one of 

the causes of alternative conceptions is 

external factors related to the learning 

environment.  

Zhou et al. (2016) stated that 

science education should help build 

students’ concepts and aid them in 

overcoming learning difficulties. 

However, often the learning process fails 

to correct initial alternative conception 

and might even worsen them. This failure 

often occurs because traditional teaching 

methods do not adequately engage 

students in questioning and refining their 

understanding. As a result, 

misconceptions remain unchallenged, 

leading to a deeper entrenchment of 

incorrect beliefs rather than promoting 

conceptual change and accurate 

comprehension. Preliminary studies 

indicate that physics teaching is still 

largely teacher-centered. Moreover, based 

on the survey results distributed to 

students, teachers often use textbooks in 

the teaching process. However, the 

textbooks used may not necessarily 

correct students’ alternative conceptions. 

One effective method to change 

students’ alternative conceptions is using 

rebuttal texts, which challenge alternative 

conceptions and provide scientific 

explanations. Research has shown that 

rebuttal texts are effective in changing 

students’ misconceptions (Aleknavičiūtė 

et al., 2023; Fratiwi, Samsudin, Ramalis, 

& Costu, 2020; Lem et al., 2017; Mason, 

2018; Samsudin et al., 2021). Mason 

(2018) stated that rebuttal texts assist 

students in changing their misconceptions 

by presenting possible misconceptions, 

refuting them, and offering correct 

scientific explanations.  

However, Bråten et al. (2020) noted 

that traditional texts can be less engaging, 

leading to reduced student participation in 

learning. To address this, using digital 

media can make texts more engaging and 

interactive, incorporating elements like 

videos, animations, or simulations 

(Fratiwi, Samsudin, Ramalis, & Costu, 

2020; Spencer et al., 2020). Digital media 

can also help visualize abstract concepts, 

making them easier for students to 
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understand, especially for physics 

concepts. 

Research conducted by Caleon & 

Subramaniam (2013) focused on 

examining the impact of refutational text 

combined through refutational videos to 

existing periodic wave phenomena, 

specifically aiming to address students’ 

alternative conceptions. The integration of 

electronically-based rebuttal text has the 

potential to enhance students’ conceptual 

understanding. Thus, we develop 

electronically-based rebuttal texts known 

as e-rebuttal texts, shown in Figure 1. 

 

 
 

Figure 1. Sections of Rebuttal Text. 

 

E-rebuttal text presents video of 

phenomena in the first part (to evoke 

students’ alternative conceptions), 

simulations in the second part (to provoke 

confrontation), and scientific explanation 

videos in the third part (to provide 

scientific explanations). By using videos 

and simulations, it is hoped that abstract 

concepts can be visualized, ensuring that 

rebuttal text is not solely textual, which 

could otherwise lead to student boredom. 

Thus, the goal of this study was to 

decrease students’ alternative conception 

(misconception) of action-reaction forces 

through e-rebuttal texts. 

 

METHOD 

The research method employed is 

mixed methods. Quantitative research 

methods are used toward determine the 

percentage of conceptual changes after 

the implementation of e-rebuttal text, 

while qualitative methods are used to 

understand the process of students’ 

conceptual change. The research design 

utilized is embedded mixed methods that 

combines quantitative and qualitative 

research methods simultaneously. The 

research process through embedded 

mixed methods design is illustrated as in 

Figure 2. 

 

 
Figure 2. Embedded Mixed Methods Design. 
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In Figure 2, quantitative data were 

obtained from pre-tests, post-tests, and 

delayed post-tests. Qualitative data were 

collected during the learning process 

based on students’ responses to e-rebuttal 

texts. Additionally, the process of 

conceptual change following the learning 

activities was analyzed qualitatively. Both 

quantitative and qualitative data were 

combined to interpret the research 

findings. 

The sample comprised one class of 

31 tenth-grade students (15 male and 16 

female, aged between 15 and 16) from a 

public high school in Sukabumi, West 

Java, Indonesia. 

The instrument utilized was a four-

tier test consisting of 9 questions related 

to action-reaction forces: 3 verbal 

questions for the pre-test, 3 mathematical 

questions for the post-test (after learning), 

and 3 pictorial questions for the delayed 

post-test (over time). An illustration of the 

instrument is shown in Figure 3. 

 

 

 
 

Figure 3. The Example Four-Tier Test in Verbal Representation. 

 

Figure 3 illustrates that the first 

level consists of multiple-choice 

questions. The second level measures 

students’ confidence in their answers, 

categorized as “yes” or “no”. The third 

level asks for reasons behind their 

choices, and the fourth level assesses 

confidence in their reasoning, also 

categorized as “yes” or “no”. Before 

being used in the study, the instrument 

was tested on 92 students. The analysis 

included validity and reliability testing 

using Rasch analysis. The validity test 

showed that the raw variance explained 

by measures was above 40 %, placing it 

in the ‘appropriate’ category. The 

reliability test produced a Cronbach’s 

Alpha of 0.87, indicating ‘high 

appropriateness’. Thus, the instrument 

was confirmed to be valid and reliable for 

use. Data were analyzed based on 

categories of conception and correction of 

conceptions. According to Gurel et al. 

(2015), student conceptions can be 

categorized into several types, as detailed 

in Table 1. The categories of student 

conceptual change are adapted from 

Samsudin et al. (2016). The categories of 

conceptual change have several 

possibilities as depicted in Figure 4. 
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Table 1. Categories of Conceptions for the Four-Tier Test. 

Categories Symbol 1-tier 2-tier 3-tier 4-tier 

SU 
 

√ Yes √ Yes 

PU 

 
√ Yes √ No 

√ No √ Yes 

√ No √ No 

√ Yes × Yes 

√ Yes × No 

√ No × Yes 

√ No × No 

× Yes √ Yes 

× Yes √ No 

× No √ Yes 

× No √ No 

NU  
× Yes × No 

× No × Yes 

× No × No 

AC 
 

× Yes × Yes 

NC 
 

If not filling one or more tier 

Note: SU=Sound Understanding; PU=Partial Understanding; NU=No Understanding; AC=Alternative 

Conception; NC=No Coding 

 

 
 

Note: Blue line=Acceptable Change (ACh); Red line=Not Acceptable Change (NAC); Dashed line=No 

Change (NCh) 

 

Figure 4. Possible Changes in Students’ Conceptions. 
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RESULT AND DISCUSSION 

The profile of student conceptions 

on action-reaction forces was obtained 

based on their responses to the four-tier 

test during the pre-test, post-test, and 

delayed post-test. The percentage of each 

conception is shown in Table 2.

 

Table 2. Percentage of Each Students’ Conceptions on Action-Reaction Forces. 

Categories Test 
The Question Number 

Average (%) 
N1 (%) N2 (%) N3 (%) 

SU 

 

Pre- 3 - - 1 

Post- 29 23 3 18 

Delayed 42 33 42 39 

PU 

 

Pre- 19 26 29 25 

Post- 45 51 39 45 

Delayed 23 29 29 27 

NU 

 

Pre- 10 16 13 13 

Post- - - 3 1 

Delayed - - 6 2 

AC 

 

Pre- 68 55 58 60 

Post- 26 26 55 36 

Delayed 35 35 23 31 

NC 

 

Pre- - 3 - 1 

Post- - - - 0 

Delayed - 3 - 1 

 

Based on Table 2, for the Sound 

Understanding (SU) category, the pre-test 

had an average percentage of 1%, which 

increased to 18% in the post-test and 

further to 39% in the delayed post-test. In 

the Partial Understanding (PU) category, 

the pre-test had an average percentage of 

25%, which increased to 45% in the post-

test but decreased to 27% in the delayed 

post-test. In the No Understanding (NU) 

category, the pre-test had an average 

percentage of 13%, which decreased to 

1% in the post-test and increased to 2% in 

the delayed post-test. In the Alternative 

Conception (AC) category, the pre-test 

had an average percentage of 60%, which 

decreased to 36% in the post-test and 

further to 31% in the delayed post-test. In 

the No Coding (NC) category, the pre-

test, post-test and delayed post-test had 

average percentages of 1%, 0% and 1%, 

respectively. 

This indicates that there is an 

improvement in students’ understanding 

of the concept of action-reaction forces 

both immediately after the 

implementation of e-rebuttal texts and 

over a span of one month (delayed post-

test). Furthermore, considering the 

percentage of misconceptions or 

alternative conceptions, there is a 

decrease after the implementation of e-

rebuttal texts, and this decrease remains 

consistent even after one month of using 

e-rebuttal texts. 

Nevertheless, after the 

implementation of e-rebuttal texts, the 

percentage in the SU category did not 

reach 100%, and alternative conceptions 

still occurred at 31-36%. This is because 

the alternative conceptions in students are 

resistant to change as they are deeply 

ingrained in their mind and require a 

significant amount of time to alter 

(Kesuma et al., 2020; Samsudin et al., 

2017; Suhandi et al., 2020). However, e-

rebuttal texts, which are available 24 

hours a day without regard to time and 

place, can be utilized by students anytime 

and anywhere to change their alternative 

conception. Changes in students’ 

conceptions of action-reaction forces for 

question N1 can be seen in Figure 5.
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Figure 5. Conceptual Changes in N1 from Pre-test to Post-test. 

 

 

 
Figure 6. Conceptual Changes in N1 from Post-test to Delayed Post-test. 

 

According to Figure 5, the highest 

overall change was in the Acceptable 

Change (ACh) category, accounting for 

68%. Within this category, the most 

common transition was from AC to SU, 

indicating that students’ conceptions were 

modified through e-rebuttal texts. In the 

No Acceptable Change (NAC) category, 

the changes totaled 10%. In the No 

Change (NCh) category, the most 

frequent instance was in AC, involving 

five students. The concept in N1 pertains 

to action-reaction forces in collision 

events. Students stated that action-

reaction forces are solely influenced by 

the mass of objects (misconception). This 

aligns with the studies of Poutot & 

Blandin (2015), which found that students 

believe objects with greater mass exert 

greater force.  

The process of conceptual change in 

question N1 from the post-test to the 

delayed post-test is shown in Figure 6. 

Based on Figure 6, the highest total 

change occurred in the No Change (NCh) 

category, totaling 42%. In the ACh 

category, the most frequent change 

occurred from PU to SU. This occurred 
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because there was enough time for 

students to reread the provided e-rebuttal 

texts, allowing their incomplete 

conceptions to become more complete. In 

the NAC category, the most frequent 

change was from PU to AC. In the NCh 

category, SU was the most frequently 

occurring category, indicating that 

students maintained their scientific 

conceptions.  
 

 

 
Figure 7. Conceptual Changes in N2 from Pre-test to Post-test. 

   

Changes in students’ conceptions 

of action-reaction forces for question N2 

can be seen in Figure 7. According to 

Figure 7, the most significant overall 

change was in the Acceptable Change 

(ACh) category at 62%. Within this 

category, the most notable change was 

from AC to PU, which accounted for 

26%. This suggests that students' 

conceptions were altered through e-

rebuttal texts, although their 

understanding was still incomplete. In 

the No Acceptable Change (NAC) 

category, changes made up 3%. In the 

No Change (NCh) category, the most 

frequent instance was in AC, involving 

seven students, likely because AC is 

difficult to change. 

The concept in N2 relates to 

action-reaction forces in the context of a 

car pushing a truck. During the pre-test, 

Student 10 (S10) did not have an 

Acceptable Change (AC). S10 believed 

that when a small car pushes a stalled 

truck, the force exerted by the car on the 

truck is less than the force exerted by the 

truck on the car. The reasoning was that 

action-reaction force pairs always exist 

when two objects interact, even if they 

do not cause the objects to move. S10’s 

answer was incorrect, but the reasoning 

was correct, and they were confident in 

both, thus it was categorized as PU. 
 

 

What conclusions did you draw from the previous 

simulation? 

 
 

So, action-reaction forces will occur when two 

objects are in contact and opposite to each other, 

but despite differences in force and mass, the 

action-reaction forces will be equal. 

  
 

Figure 8. S10’s Responses on the E-Rebuttal Texts. 

 

During the post-test, S10 stated 

that when the car pushes the truck, there 

is no action-reaction force. The car's 

engine runs, allowing the car to push the 
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truck, but the truck's engine does not 

run, so it cannot exert a force on the car. 

The reasoning was that action-reaction 

force pairs act on different objects, are in 

the same direction, and are always equal 

in magnitude. Both S10’s answer and 

reasoning were incorrect, and they were 

confident in both, thus it was 

categorized as AC. Considering S10’s 

answers, it suggests that students might 

also have AC, as shown in Figure 8. 

The process of changing 

conceptions in question N2 from the 

post-test to the delayed post-test is 

shown in Figure 9. Based on Figure 9, 

the highest total change occurred in the 

No Change (NCh) category at 42%. In 

the ACh category, the most frequent 

change was from AC to SU. In the NAC 

category, the most common change was 

from PU to AC. In the NCh category, 

SU was the most frequently occurring 

category, indicating that students 

maintained their scientific conceptions. 

 

 
 

Figure 9. Conceptual Changes in N2 from Post-test to Delayed Post-test. 

 

 
Figure 10. Conceptual Changes in N3 from Pre-test to Post-test. 

 

Changes in students’ conceptions 

of action-reaction forces for question N3 

can be seen in Figure 10. Based on 

Figure 10, the highest total change 

occurred in the No Change (NCh) 

category at 67%. In the ACh category, 

the most frequent change was from AC 

to PU. This indicates that through the 

implementation of e-rebuttal texts, there 

was construction of students’ 

conceptions, although these conceptions 

were not yet complete. In the No 

Acceptable Change (NAC) category, 

changes amounted to 9%. Within the 

NCh category, the most frequent change 

was in AC at 45%. 
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The concept in N3 pertains to the 

action-reaction forces on touching 

objects. During the pre-test, S07, S13, 

and S14 did not have AC. A force is 

applied to three blocks, A, B, and C, 

which are touching each other. During 

the pre-test, S07 stated that the action-

reaction force pair is the force from 

block A to block B and the force from 

block B to block C. S13 stated that the 

action-reaction force pair is the pushing 

force and the force from block B to 

block A. S14 stated that the action-

reaction force pair is the force from 

block B to block A and from block B to 

block C. S07, S13, and S14 reasoned 

that action-reaction force pairs act on 

different objects, are opposite in 

direction, and are always equal in 

magnitude. The answers from S07, S13, 

and S14 were incorrect, but the 

reasoning was correct, and both S07 and 

S14 were confident in their answers 

while S13 was not, thus they were 

categorized as PU. 

During the post-test, S07 stated 

that the action-reaction force pair is the 

force from block A to block B and the 

force from block C to block B. The 

reasoning was that action-reaction force 

pairs act on the same object, are in the 

same direction, and are always equal in 

magnitude. S13 and S14 stated that the 

action-reaction force pair is the force 

from block B to A and the force from 

block B to C. The reasoning was that 

action-reaction force pairs act on the 

same object, are opposite in direction, 

and are always equal in magnitude. The 

answers and reasoning of S07, S13, and 

S14 were incorrect, and they were 

confident in both, thus they were 

categorized as having AC.  

Analyzing the students’ answers 

on the interactive refutational text 

media, it is likely that the students have 

AC, as shown in Figure 11. Based on 

Figure 11, it can be seen that S13 stated 

that action-reaction forces occur on 

objects with the same mass. From this 

response, it is evident that S13 had AC 

during the post-test.

 

 

What conclusions did you draw from the previous 

simulation? 

 

Here we know that whenever we apply an action 

force, a reaction force will be generated. We 

understand from Newton’s Third Law that the 

action-reaction forces involve two objects, have 

equal magnitude, and must be in opposite 

directions. 
 

Figure 11. S13’s Responses on the E-Rebuttal Texts. 
 

 
Figure 12. Conceptual Changes in N3 from Pre-test to Delayed Post-test. 
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The process of conceptual change 

in question N3 from the post-test to the 

delayed post-test is depicted in Figure 

12. Figure 12 shows that the highest 

overall change was in the Acceptable 

Change (ACh) category at 58%. Within 

this category, the most common shift 

was from AC to SU. In the No 

Acceptable Change (NAC) category, the 

most frequent change was from PU to 

AC, accounting for 10%. In the NCh 

category, PU was the most frequent. S07 

and S14 have changed their AC to SU. 

However, S01, S05, S18, and S27 had 

AC in the delayed post-test.  

This occurred due to the 

considerable time gap between the post-

test and the delayed post-test, which 

likely allowed for a significant lapse in 

the retention of newly acquired 

knowledge and concepts. During this 

interval, students might have 

experienced a reversion to their initial 

misconceptions or a lack of 

reinforcement of the learned material, 

thus impacting their performance and 

the stability of their responses in the 

delayed post-test. There might be a 

significant lapse in retention over time, 

which could impact performance in the 

delayed post-test (Lin et al., 2023). This 

suggests that a significant time gap 

between the post-test and delayed post-

test could lead to a decline in retention 

and performance (Latimier et al., 2019). 

 

CONCLUSION 

Based on the research conducted, 

it can be concluded that using e-rebuttal 

texts can reduce students’ alternative 

conceptions (misconceptions) about 

action-reaction forces. Overall, there 

was a positive shift from the pre-test to 

the post-test and delayed post-test. The 

highest percentage of concept changes 

from the pre-test to the post-test 

occurred in the Acceptable Change 

(ACh) category, while the highest 

percentage of changes from the post-test 

to the delayed post-test occurred in the 

No Change (NCh) category. The study 

has identified some shortcomings and 

areas for improvement to achieve better 

research results. Before using the e-

rebuttal texts, teachers or researchers 

should check the availability of laptops 

or computers, as some simulations 

cannot be operated via mobile phones. 

Additionally, since the texts used is 

web-based, the availability of an internet 

connection also needs to be considered. 

Future researchers could add several text 

sections, such as simulations of action-

reaction forces on overlapping objects. 

To facilitate discussions, future 

researchers could use learning models or 

strategies that involve students working 

in groups. E-rebuttal texts can be applied 

to all physics concepts, not only basic 

concepts but also more complex ones, 

especially those that are difficult to 

visualize, abstract, or hard to find in 

everyday life. 
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