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Abstract  

When two bodies collide, the body with the larger mass exerts the greater force is a widely known 

but still common misconception. This study aims to compare the effectiveness of a conceptual 

change text and a traditional expository text to overcome this target misconception. Then to reveal 

the effect of students' readiness on this situation. For this, a case study was conducted with 92 

students (ninth grade) from two different types of schools. One of these schools accepts students by a 

nationwide central placement exam, and the other does not need the exam. The students in the 

second type of school are generally very low in academic achievement. A focus group consists of 24 

students examined in detail. The students in the focus group selected with a maximum variety of 

sampling based on the achievement. Multiple-choice questions in different contexts and simulation-

assisted-interviews were used for data collection. It is seen that the type of text did not cause any 

difference in the school that students with high academic achievement. Conversely, a difference was 

found in favor of the conceptual change text in the second school. The results of the research point to 

the fact that the conceptual change text was more effective than the traditional expository text in the 

student group low in academic achievement. 
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Introduction 

In many researches, focusing on physics education, misconceptions about Newton’s Motion 

Laws are widely encountered. A large number of misconceptions have been detected about 

the third law. These are given below: There may not be a reaction force in response to an 

action force (Fast, 1997; Kara, 2007). Static objects cannot exert contact forces (Clement, 

1998; Montanero, Perez, & Suero, 1995; Yilmaz, Eryilmaz, & Geban, 2006; Yılmaz & 

Eryılmaz, 2009). Non-living objects cannot exert forces (Bryce & MacMillan, 2005; 

Finegold & Gorsky, 1988; Montanero et al., 1995). Reaction forces are less real than action 

forces (Sadanand & Kess, 1990). Action-reaction forces pairs acted on the same body and 

balanced each other (Atasoy &Akdeniz, 2005; Bayraktar, 2009; Jimoyiannis & Komis, 

2003; Klammer, 1998; Zhou, Zhang, & Xiao, 2015). The normal force on an object always 

equals the weight of the object (Bryce & MacMillan, 2005; Klammer, 1998; Yip, Chung, & 

Mak, 1998). Action-reaction forces pairs are not equal in magnitude when one body 

accelerates another (Camp & Clement, 1994; Klammer, 1998; Yip et al., 1998; Yılmaz & 

Eryılmaz, 2009). The larger body exerts the greater force (Bao, Hogg, & Zollman, 2002; 

Montanero et al., 1995; Sadanand & Kess, 1990). When two bodies collide, the body 

moving faster exerts the greater force (Atasoy & Akdeniz, 2005; Bao et al., 2002; Bayraktar, 

2009; Camp & Clement, 1994; Hestenes, Wells, & Swackhamer, 1992; Maries & Singh, 

2016; Yılmaz & Eryılmaz, 2009). When two bodies collide, the harder body exerts the 

greater force (Camp & Clement, 1994; Yılmaz & Eryılmaz, 2009; Yilmaz et al., 2006;). 

When two bodies collide, the body that breaks exerts the smaller force (Camp & Clement, 

1994; Yılmaz & Eryılmaz 2009). When two bodies collide, the body with the larger mass 

exerts the greater force (Atasoy & Akdeniz, 2005; Bao et al., 2002; Brown & Clement, 

1987; Camp & Clement, 1994; Hestenes et al., 1992; Kara, 2007; Maloney, 1984; Maries & 

Singh, 2016; Savinainen & Scott, 2002; Yılmaz & Eryılmaz, 2009). In a distant interaction, 

the object with the larger mass exerts the greater force on the other (Kariotoglou, Spyrtou, & 

Tselfes, 2009). 

Some of these misconceptions are related to the nature of the force, and some to the 

properties of the bodies. Misconceptions about the nature of the force can also form the basis 

of those related to the bodies' properties. For example, the belief that the force applied by the 

moving object to the stationary object is greater may be caused by misconceptions. 

Everybody in motion carries a force or that a standing object has a resistance (Montanero et 

al., 1995). The forces of action and reaction are seen as independent forces rather than as a 
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pair and interpreted as if they can balance each other cause different misconceptions 

(Hellingman, 1992; Yip et al., 1998). The fact that many students have identified these 

misconceptions in different countries and at different levels reveals that the understanding of 

the relationship between the magnitude of action-reaction forces is quite difficult to 

understand in a culture-independent way (Zhou et al., 2015). 

Above, there are some similar misconceptions, like depending on the properties of an 

object such as speed, mass, and hardness are greater than the other object’s, exerting greater 

force. It can be seen that these misconceptions can be detected when the two bodies are at 

rest, during collisions, or interacting at a distance. The context we encountered most was a 

collision. Also, Montanero et al. (1995) have found that students have more misconceptions 

about dynamics states than static states. In this context, misconceptions can be explained 

about differences in mass, speed, rigidity, and durability or if the body is living or inert. In 

the researches reviewed, the most common feature in the context of collision is the mass. 

A physics teacher must have the content knowledge and pedagogical content 

knowledge and knowledge of how people learn (Etkina, 2010; Shulman, 1986). It should be 

kept in mind that the relationship between these types of knowledge is intricate. This 

requires the teacher to know what the action-reaction forces are, as well as what the students 

know about these concepts before the course, and to be able to predict whether their 

knowledge is consistent with the scientific knowledge. However, in some studies have 

conducted with teachers/teacher candidates, the situation was not as expected. For example, 

it is seen that pre-service science teachers (majors in physics) in China have had 

misconceptions about action-reaction forces in the context of collisions (Zhou, Wang, & 

Zhang, 2016); teaching assistants have had misconceptions in the case of a car pushing a 

truck and speeding up (Maries & Singh, 2016). For science and physics teachers in Spain, 

Newton's third law has a great unknown (Montanero et al., 1995). Secondary science 

teachers have had misconceptions about Newton's third law (Yip et al., 1998). Primary 

school teachers have not recognized that the ground or table exerts a reaction force to an 

object over it (Kruger, Summers, & Palacio, 1990). For student pre-school teachers and 

primary school teachers in Greece, the magnitude of action and reaction forces are equal is 

difficult to understand (Spyrtou, Hatzikraniotis, & Kariotoglou, 2009). According to these 

studies, teachers/pre-service teachers and even teaching assistants could have 

misconceptions about the action-reaction forces. 
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The fact that teachers/pre-service teachers have misconceptions is a problem for 

teaching. In such a case, even if the teacher has sufficient knowledge of instructional 

strategies to scaffold students’ learning of key concepts, he/she may not realize students’ 

mistakes. On the other hand, students could have misconceptions because of their teachers. 

Therefore, course materials that would enable the students to notice their misconceptions 

through personal effort and help them overcome their misconceptions are needed to be used 

both in and outside the classroom. 

Conceptual Change Texts 

Posner, Strike, Hewson, and Gertzog (1982) guided the preparation of such course materials 

with the conceptual change theory. These materials should point to the existence of 

situations where the students and teachers cannot bring an explanation based on their 

existing conceptual structures, and also demonstrate that the new conceptual structure is 

capable of explaining both their old experiences and the new experiences (Hewson & 

Hewson 1984; Posner et al., 1982). According to Posner et al., conceptual change is a 

process, and, for the conceptual change to actualize, the mind has to go through four main 

stages. These stages are the individuals being dissatisfied after realizing that their existing 

concepts are incapable of explaining the newly encountered situations; the new concept 

being intelligible by the individual; the new concept being plausible, and realizing that the 

new concept is much more fruitful than the previous one. 

Although researchers agree that the individual needs to find various reasons to 

achieve conceptual change, they do not agree on a method that can be described as the most 

effective (Mildenhall & Williams, 2001). Roth (1985) proposed the conceptual change text 

(CCT) to search for material to provide conceptual change. It is understood that since 1985, 

the conceptual change text has preserved its structure and has not undergone any structural 

changes. The purpose of such texts is to enable individuals to realize the misconceptions 

they have just by reading a text and help them to develop conceptual structures compatible 

with scientific data. Text reproduction is easy and economical, but it is also important as the 

material that can be delivered to large audiences because they can be used without teacher 

support. However, there seems to be a gap in the literature in the search for a text whose 

effectiveness has been determined by Newton’s third law. There are texts on heat and 

temperature (Baser & Geban, 2007a; Yürük & Eroğlu, 2016), electricity (Başer & Geban, 

2007b; Chambers & Andre, 1997; İpek & Çalık, 2008), sound (Çalik, Okur, & Taylor, 2011; 



M. Aygün, & M. Tan / Pamukkale University Journal of Education, 51, 65-91, 2021                                                69 

Özkan & Selçuk, 2013), matter (Durmuş & Bayraktar, 2010) and pressure (Şahin, İpek, & 

Çepni, 2010) in various studies; however, no text on Newton's Laws have been found. 

In order to determine the properties of the text that can be prepared, it was seen that 

in several studies, CCTs had been used with the assumption that they are effective materials 

that will allow the conceptual change in physics education (Beerenwinkel, Parchmann, & 

Grasel, 2010; Çil & Çepni, 2012; Dilber, Karaman, & Duzgun, 2009; Özkan & Selçuk, 

2013, 2015, 2016; Sari, Feranie, & Winarno, 2017; Taşlıdere & Eryılmaz, 2009). 

Unfortunately, most of the studies involving the use of the CCT have focused not on the 

text's effectiveness alone but the combination of it with other teaching strategies. Therefore, 

CCT used in these studies is generally not present. 

In a few studies, it is seen that CCT is compared with different text structures such as 

traditional texts, textbooks, and CCT enriched with meta conceptual process. Unfortunately, 

in two studies comparing CCT with traditional texts, only CCT has been given, but no 

traditional text has been encountered (Chambers & Andre, 1997; Baser & Geban, 2007a); in 

one study, instead of giving texts directly, features were compared (Beerenwinkel et al., 

2010); also, in a study comparing CCT with textbooks, no texts were presented (Sari et al., 

2017). In a study comparing CCT enriched with the metaconceptual process with descriptive 

texts and expository texts (Yürük & Eroğlu, 2016), only excerpts from the texts were 

presented. This situation makes it difficult to reveal the features in a CCT that would be 

useful in physics education. 

Research Questions 

Newton’s Third Law is one of the most fundamental laws in physics. Previous research has 

revealed that understanding it is quite complicated work for students, teachers, and texts 

(Bryce & MacMillan, 2005; Zhou et al., 2015). Therefore, instead of leaving the individuals 

by themselves to overcome the misconceptions, it is much more beneficial for the 

researchers to develop materials that will guide them to realize their misconceptions and 

help overcome them. Texts that are economically easy to reproduce and access can be 

valuable materials in this context. There are various types of texts, but CCT has been 

specifically developed for this purpose. However, previous studies obtained that it is both 

effective and ineffective in overcoming misconceptions (Chambers & Andre, 1995; Qian & 

Alvermann, 1995). 



M. Aygün, & M. Tan / Pamukkale University Journal of Education, 51, 65-91, 2021 

 

70 

On the other hand, traditional expository texts (TET) in textbooks can also be used to try to 

overcome misconceptions. Similarly, studies that obtained TET are both effective and 

ineffective in overcoming misconceptions (Baser & Geban, 2007a; Chambers & Andre, 

1997; Dilber et al., 2009; Wang & Andre, 1991). Most of these studies are from a quarter of 

a century ago. Moreover, after 2010, no study has been found to examine this issue. 

Nonetheless, it is seen that previous studies have not clarified this issue. 

In this research, the aim was to determine which text type is the most effective when 

used to overcome the target misconception: ‘When two bodies collide, the body with the 

larger mass exerts the greater force.’ More specifically, the study addressed the following 

question: What is CCT and TET's effectiveness in eliminating the target misconception? 

(RQ1). In some previous studies, it is seen that the text was prepared as a worksheet, and the 

students were expected to answer the questions asked in the text by writing into the defined 

spaces on the paper. At the same time, some studies discuss the contents of the text under 

teachers' guidance in the classroom environment. In this research, these two applications 

were not preferred since the texts' effectiveness was determined independently from the 

external supports. 

In the research process, to provide students’ readiness variety in the study group, the 

study was conducted in two different types of schools. These are schools that accept students 

with and without the central placement exam. The nationwide central placement exam in 

Turkey is made in the transition of secondary school to high school. Multiple-choice-

questions determine students' readiness for high school education according to their previous 

learning with this exam. In this research, there were significant differences between the 

findings of the two different school types. For this reason, in addition to the main research 

question, it was accepted as a secondary objective to investigate the effect of the texts in 

lower and higher former academic achievement students (RQ2). The main difference 

between these two groups of students is presumed readiness based on the nationwide central 

placement exam. 

Method 

This research was a part of a more comprehensive survey of six different target 

misconceptions in the force and motion unit. Due to the richness of the data, it is not 

possible to present the complete research in a single paper. However, it is useful to explain 

the implementation environment: In eight weeks, the subject of force and movement was 
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processed in accordance with the gains in the curriculum. The texts were given to the 

students after they had already been taught the gains related to the target misconceptions, 

and they were asked to read individually in the classroom. Before giving them the texts, no 

evaluation was made related to the target misconception. There was no discussion about the 

texts during and after the reading. Only the teacher asked students if they had finished 

reading and not to leave the class before they finished. The design of the study is presented 

in Table 1. Here X is the teaching carried out by the curriculum. 

Table 1. Design of the study 

School N Instrument* Implementation Instrument*  N Instrument* 

Accepts 

students 

without 

the 

exam 

18 

Standardized 

Test, 

Orienteering 

Test, 

Formula-1 Test 

X+ CCT 

Standardized 

Test, 

Orienteering 

Test, 

Formula-1 Test 

 6 
Interview 

form 

23 

Standardized 

Test, 

Orienteering 

Test, 

Formula-1 Test 

X+ TET 

Standardized 

Test, 

Orienteering 

Test, 

Formula-1 Test 

 6 
Interview 

form 

Accepts 

students 

by the 

exam 

28 

Standardized 

Test, 

Orienteering 

Test, 

Formula-1 Test 

X+ CCT 

Standardized 

Test, 

Orienteering 

Test, 

Formula-1 Test 

 6 
Interview 

form 

23 

Standardized 

Test, 

Orienteering 

Test, 

Formula-1 Test 

X+ TET 

Standardized 

Test, 

Orienteering 

Test, 

Formula-1 Test 

 6 
Interview 

form 

*Not all of the data collection tools seen in this table, but the parts covered in the study 

were used to access the data of this study. 

The content of the texts is important for the credibility of the research. Since the two 

text types compared with each other, the weight of the written language, the suitability of the 

samples used for the students, and the number of samples used should be similar. In this 
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research, previously prepared and similar texts could be used. However, there seems to be a 

gap in the literature searching for a text whose effectiveness has been determined by 

Newton’s Third Law. For this reason, researchers who are physics educators supported by 

other physics educators and a language educator developed the texts used in this study.  

Development of the Conceptual Change Text and Traditional Expository Text 

Roth (1985) stated that there should be four stages in the CCT. These are the questions that 

should be asked to enable the students to reveal their misconceptions (dissatisfaction), 

experimental or narrative examples should be provided to challenge the students’ 

misconceptions and be persuasive (intelligibility), scientific definitions of the studied 

concepts should be repeated (plausibility), and appropriate questions should be asked where 

the new concept can be applied for different occasions (fruitfulness). The pilot CCT 

presented to ninety-nine students who have previously learned the force and motion chapter; 

they have been asked to read the CCT and asked, ‘What did you understand from the text? 

And Write down the main points you could not understand in the text’. After examining the 

answers and texts with the support of four physics education experts and one language 

education expert, the final version of the CCT appeared (Figure 1). 

 

Figure 1. Conceptual change text 



M. Aygün, & M. Tan / Pamukkale University Journal of Education, 51, 65-91, 2021                                                73 

The stages of the TET were determined by examining the existing texts in the 

relevant textbooks. Many traditional expository texts have three stages. These are an 

introduction, giving examples and explaining the examples stages. In the introduction stage 

of TET, the scientific concept is described; in the giving examples stage, various examples 

related to the target misconception are presented with comparisons of objects; and in the 

explaining the examples stage, an example is explained by associating it with the target 

misconception by presenting a problem and giving the answer. While preparing the TET, all 

examples included in the CCT were also included. Two experts on physics education 

compared the TET with the previously developed CCT in terms of physics knowledge and 

its examples. Also, one expert on language education reviewed the text. After reviewing the 

experts, the researchers made the necessary changes, and the final version of the TET 

appeared (Figure 2). 

 

Figure 2. Traditional expository text 

The researchers tried to keep both texts as short as possible. In the texts, the object 

with the larger mass crashes into the stationary object. Also, other misconceptions about 

Newton's Third Law were included in the texts as much as possible. Therefore, texts include 

situations where two non-living bodies and two living bodies collide and situations in which 

the non-living crashes into the living and vice versa. Moreover, the different durability and 

solidity were used as examples. However, since this study is only related to the effect of 

mass, issues such as vitality or durability are not particularly emphasized. In texts, there is 

the expression each crash is, in fact, a collision. The aim was to direct the reader to think of 

force to think as an interaction between two bodies instead of thinking of them as a push or 

pull (Young & Freedman, 2012). 
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Two experts on physics education compared the CCT and TET in terms of the 

scientific information's consistency. Although the texts are prepared with different stages, 

they stated that both convey the same scientific information by using the same examples. 

The readability value of the CCT and TET was found as 45,217 and 47,937 according to the 

formula from Reading Ease of Flesh, which was adapted to Turkish by Ateşman (1997). 

This value means they are difficult texts and has similarities with scientific texts. According 

to two language education experts, CCT was prepared with the cognitive approach and 

directed the students to query the information by making them think and interpret. On the 

other hand, TET was prepared with the behavioral approach, and it expects the students to 

accept the information as it is, without allowing them to think and interpret. However, while 

TET is only expository, CCT contains a few narrative elements in addition to being 

expository. The experts also stated that TET seems to be an ordinary text that can appear in 

the textbooks. 

Participants 

There were two types of schools that do not provide vocational training in Giresun: schools 

accept students with (three schools) and without (two schools) nationwide central placement 

exam. This exam in Turkey is made in the transition of secondary school to high school. 

Multiple-choice-questions determine students' readiness for high school education according 

to their previous learning with this exam. It is envisaged that the school students accepting 

the exam have a higher readiness means higher former academic achievement. One school 

from the two school types was determined randomly. In these schools, two different classes 

were chosen by taking into consideration the previous physics lesson grades. 41 and 51 

students in grade nine participated in the schools' research and who have full participation in 

the relevant part of this study. In both schools, students in one class read the CCT while the 

others read the TET. 

The students who attended the research were sorted into groups in descending order 

according to their average attainment scores, which are obtained from pre and post-

application of three different achievement tests. The students were selected to focus group 

voluntarily, according to attainment groups. A maximum variety of sampling was done to 

examine the focus group in detail. Variations of characteristics were ensured by taking three 

groups from the top (01, 02, 07, 08, 13, 14, 19, 20), middle (03, 04, 09, 10, 15, 16, 21, 22) 

and bottom (05, 06, 11, 12, 17, 18, 23, 24) tiers. The focus group consisted of twenty-four 

students in total. 
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Instruments and Data Analysis 

Three achievement tests were applied pre- and post-implementation in order to reveal the 

success (Standardized, Orienteering, Formula-1). Orienteering and Formula-1 tests consisted 

of context-based questions. The standardized test consisted of idealized questions. The 

reason for using three different tests is the possibility of measuring tools giving different 

results (Akpınar & Tan, 2011; Rennie & Parker, 1998) and asking the same problem in 

different contexts can cause differences in students' answers (Hestenes et al., 1992; 

Mildenhall & Williams, 2001). This can be called conceptual addition (Fensham, Gunstone, 

& White, 1994), competition (Maloney & Siegler, 1993), and profile (Mortimer, 1995). The 

concepts related to Newton's Third Law can also be interpreted differently by students, 

according to context (Bao et al., 2002). The validity and reliability of these tests have been 

explained in the relevant study (Akpınar & Tan, 2011). 

In each test, there is only one question about Newton's Third Law. Using the tests 

that include questions about the objectives other than the target misconception is that it does 

not cause students to pay special attention to the target misconception in the course process. 

The related questions are below: 

Standardized question: K and L are two people weighing 80 kg and 60 kg, 

respectively. If K pushes L, which of the following is correct for the moment of 

pushing? 

a) K and L do not exert force on each other. 

b) Only K exerts a force on L. 

c) K and L exert force on each other. But K exerts a greater force on L. 

d) K and L exert force on each other. But L exerts a greater force on K. 

e) K and L exert equal force on each other. 

Orienteering question: At the start point of an orienteering race, a little boy 

suddenly starts running towards the athletes. Though one athlete sees the child, 

he cannot stop and hits the child. Which of the following is correct for the 

moment of the collision? 
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a) The athlete and the child do not exert force on each 

other. 

b) The athlete exerts a force on the child. But meanwhile, 

the child does not exert force on the athlete. 

c) The athlete and the child exert force on each other. 

But the athlete exerts a greater force on the child. 

d) The athlete and the child exert force on each other. 

But the child exerts a greater force on the athlete. 

e) The athlete and the child exert equal force on each 

other. 

Formula-1 question: In automobile races, car tires are placed on building a 

barrier at the sides of the runway. One F1 automobile loses control and hits a tire 

on the barriers. Which of the following is correct for the moment of the 

collision? 

a) The automobile and tire do not exert force on each 

other. 

b) Only the automobile exerts a force on the tire. 

c) The automobile and the tire exert force on each 

other. But the automobile exerts a greater force on the 

tire. 

d) The automobile and the tire exert force on each 

other. But the tire exerts a greater force on the 

automobile. 

e) The automobile and the tire exert equal force on each 

other. 

The correct answer to all the questions about the target misconception is the E 

choice. The C choice is the target misconception. The data were analyzed by concentration 

analysis. Coding ranges for this analysis and the formulas for the score and concentration are 

those proposed by Bao and Redish (2001): The cases (Score-Concentration) that emerge as a 

result of the answers given to the multiple-choice questions can be listed as one popular and 
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correct answer (high-high), one popular wrong answer (low-high/medium-high), possibility 

of two different wrong answers (low-medium), two popular answers where one is correct 

and the other one is wrong (medium-medium) and answers randomly distributed among 

choices (low-low). 

In order to examine the focus group, students' answers to these questions were 

compared. Also, individual interviews were conducted with these students after the post-

tests. The reason for not doing interviews with students before the implementation is not to 

cause them to pay more attention to the texts than to ordinary course material. A simulation 

was prepared, and two physics education experts were consulted on the suitability of the 

simulation. In the simulation, there are a truck and a car. After giving the start command, the 

truck moves forward and crashes into the car that is at rest. The masses of the car and the 

truck can be changed if required. This simulation was used by the predict-observe-explain 

method. In this method, the students first predict what would happen during or at the end of 

an event, then observe the event, and finally explain the differences between their 

expectations and the observation (White & Gunstone, 1992). Previously Tao and Gunstone 

(1999) used this method to eliminate students' misconceptions about force and movement 

issues. Since the prediction stage occurs before the reveal of the events' results, the students 

need to use their existing knowledge while answering the questions and have to predict the 

possible outcomes of the event and comment on them (Bahar, 2003). Three physics 

education experts stated that the semi-structured interview was suitable for the aim of the 

research. A trial application was conducted with two students who have already been taught 

the force and motion chapter. Individual face-to-face interviews were carried out with the 

focus group. In the interviews, the answer to the question for the case of a truck crashing 

into a stopping car, compare the forces exerted by the truck and the car on each other. ‘What 

is the relation between them in terms of magnitude?’ have been sought. 

The obtained data were classified into two groups as correct and incorrect. Then, 

each group was divided into three further groups as the correct explanation, which includes 

the target misconception and includes a different misconception. One of the physics 

education experts reviewed the coding of the interview transcriptions. Another expert 

examined the categories and the quotes from the students’ answers in the table prepared by 

the researchers. Moreover, the last expert examined the comments made by the researchers. 
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Results 

The results were presented in two stages. In the first stage, the classes where the students 

were located were considered as a whole. In the second stage, students in the focus group 

were examined separately. 

General Situation Related to the Target Misconception 

In the post-tests, it can be seen that there is a significant difference between the two schools 

in the frequency of marking the correct choice (E). For this reason, three different analyses 

were made: general overview, the school accepts students by exam and school accepts 

students without exam (Table 2). 

Table 2. Distribution and concentration analysis of the answers of students 

S
ch

o
o
l 

Text N 
Context of 

the question 
Time 

Choice 

S
co

re
 

C
o
n

ce
n

tr
a
ti

o
n

 

State 
A B C D E 

N
o
-m

a
rk

 

A
cc

ep
ts

 s
tu

d
en

ts
 w

it
h
o
u
t 

th
e 

ex
am

 

CCT 18 

Standardized 
Pre 0 2 9 1 0 6 0.00 0.59 Low-High 

Post 0 0 11 2 1 4 0.07 0.64 Low-High 

Orienteering 

Pre 0 1 8 0 0 9 0.00 0.81 Low-High 

Post 1 0 5 1 8 3 0.53 0.34 
Medium-

Medium 

Formula-1 
Pre 0 2 7 1 1 7 0.42 0.91 Medium-High 

Post 0 1 8 5 3 1 0.18 0.25 Low-Medium 

TET 23 

Standardized 
Pre 1 5 10 3 1 3 0.05 0.25 Low-Medium 

Post 0 2 14 3 0 4 0.00 0.57 Low-High 

Orienteering 
Pre 1 0 10 5 1 6 0.06 0.39 Low-Medium 

Post 4 0 7 1 3 8 0.20 0.24 Low-Medium 

Formula-1 
Pre 0 1 8 6 1 7 0.06 0.33 Low-Medium 

Post 2 2 6 5 5 3 0.25 0.07 Low-Low 

A
cc

ep
ts

 s
tu

d
en

ts
 b

y
 t

h
e 

ex
am

 

CCT 28 

Standardized 

Pre 0 5 23 0 0 0 0.00 0.71 Low-High 

Post 0 0 14 1 13 0 0.46 0.43 
Medium-

Medium 

Orienteering 
Pre 0 0 25 2 1 0 0.04 0.81 Low-High 

Post 0 0 10 1 17 0 0.61 0.47 Medium-
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Medium 

Formula-1 

Pre 1 0 24 2 1 0 0.04 0.75 Low-High 

Post 0 0 11 1 16 0 0.57 0.45 
Medium-

Medium 

TET 23 

Standardized 

Pre 0 3 17 1 0 2 0.00 0.68 Low-High 

Post 0 0 9 1 12 1 0.55 0.43 
Medium-

Medium 

Orienteering 

Pre 0 1 18 3 0 1 0.00 0.69 Low-High 

Post 0 0 6 2 15 0 0.65 0.47 
Medium-

Medium 

Formula-1 

Pre 0 6 15 1 0 1 0.00 0.52 Low-High 

Post 0 0 7 2 14 0 0.58 0.42 
Medium-

Medium 

B
o
th

 t
o
g
et

h
er

 

CCT 46 

Standardized 
Pre 0 7 32 1 0 6 0.00 0.67 Low-High 

Post 0 0 25 3 14 4 0.33 0.43 Low-Medium 

Orienteering 

Pre 0 1 33 2 1 9 0.03 0.81 Low-High 

Post 1 0 15 2 25 3 0.58 0.42 
Medium-

Medium 

Formula-1 

Pre 1 2 31 3 2 7 0.05 0.64 Low-High 

Post 0 1 19 6 19 1 0.42 0.30 
Medium-

Medium 

TET 46 

Standardized 
Pre 1 8 27 4 1 5 0.02 0.45 Low-Medium 

Post 0 2 23 4 12 5 0.29 0.35 Low-Medium 

Orienteering 

Pre 1 1 28 8 1 7 0.03 0.54 Low-High 

Post 4 0 13 3 18 8 0.47 0.30 
Medium-

Medium 

Formula-1 

Pre 0 7 23 7 1 8 0.03 0.38 Low-Medium 

Post 2 2 13 7 19 3 0.44 0.21 
Medium-

Medium 

Overview: In pre-tests, E was only marked six times. The post-tests were marked 

more by students who read CCT than those who read TET. C was mostly preferred in the 

Orienteering question in pre-tests and the standardized question in post-tests; for E, this was 

the opposite. In pre-tests, the target misconception, C, was often the popular and wrong 
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answer (low-high). D and B were also popular in the standardized and Formula-1 questions 

for students who read TET. B is that the small mass object does not apply any force. D is the 

application of more force to the larger mass by the smaller mass. There were two popular 

answers in post-tests, usually C and E, one right and one wrong (medium-medium). In the 

standardized question, the frequency of marking E generally did not exceed C. In 

Orienteering and Formula-1 questions, the situation was the opposite. 

In the school which accepts students without the exam: In pre-tests, the students who 

read the TET had two popular and wrong answers in three questions (low-medium): C and 

D. For students who read CCT, C was the only popular wrong answer (low-high). In post-

tests, students studying TET C were the only popular and wrong answer to the standardized 

question (low-high); in the orienteering question, A and C were two popular wrong answers 

(low-medium). A indicates that the two objects do not apply force to each other. In the 

Formula-1 question, the options are randomly distributed (low-low). For students studying 

CCT, C was the only popular and wrong answer in the standardized question (low-high). In 

the orienteering question, E and C were two popular answers (medium-medium). In the 

Formula-1 question, C and D were two popular and wrong answers. 

In the school which accepts students by the exam: In pre-tests, for students who read 

both text types, C was the only popular wrong answer (low-high). In post-tests, for students 

who read both text types, C and E were two popular answers, one wrong and one right 

(medium-medium). 

When the classes were examined as a whole, an increase was observed in the number 

of correct answers given by the students in both CCT and TET classes to the questions asked 

in relation to the effect of mass on action-reaction forces. Yet, no significant difference was 

observed between the CCT and TET classes when this increase was examined for each 

school. Thus, it cannot be argued that one of the two texts has a greater effect than the other. 

On the other hand, the increase in the number of students giving correct answers is greater in 

the school accepting its students with exam than the school accepting its students without an 

exam. However, it is not possible to associate this increase with the effect of text type.  

In the pre-tests, the high majority of the students in both schools marked the option, 

including the target misconception. However, in the post-tests, the number of students 

marking the correct answers from the school admitting its students without exam increased. 

Yet, this increase is not high, and some of the students marked the distracters instead of the 

correct answers. This indicates that the students recognized their misconceptions, yet they 
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could not find the correct answer. Yet, there is no certain evidence for this. The number of 

students marking the correct answers from the school admitting its students with exams also 

increased, and this increase is higher than the other school. However, again, all the students 

have not chosen the correct answer, and there have been many students who have continued 

to choose answers with misconceptions. Yet, the shift in the students' answers from the 

school admitting its students with exams was mostly from the options, including the 

misconception towards the correct option. This might be because of the individual 

differences and the fact that permanence of misconceptions varies from individual to 

individual and because misconceptions develop over the course of years, based on the 

personal experiences of the individual and they are exceptionally resilient to change 

(Suping, 2003, Yağbasan & Gülçiçek, 2003). Moreover, the texts prepared in the current 

study might not have been suitable for all the students' profiles in the study group. Thus, 

different strategies may become helpful at overcoming misconceptions in different students 

(Gülçiçek, 2009). Also, Chambers and Andre (1995) state that when comparing the impact 

of CCT and TET on student success, gender and interest may also become factors that 

impact the results. However, since gender and interest are not within the scope of this study. 

Focus Group’s Situation Related to the Target Misconception 

The answers of each student in the focus group to the multiple-choice questions and the 

interview question are presented in Table 3. 

Table 3. The students’ answers to the multiple-choice questions and the interview question 

S
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Text 
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t 

Multiple-choice questions 

Interview Standardiz

ed 

Orienteerin

g 
Formula-1 

Pre Post Pre Post Pre Post Answer 
Explanatio

n 
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t 
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e 

ex
am

 CCT 

01 C C B E C C Correct Correct 

02 C C C E C C Correct Correct 

03 D C C E - E Correct Correct 

04 - C C C B C Incorrect TM-DM 

05 C C - E D D Incorrect DM 

06 C C C C - D Incorrect TM 

TET 07 D C C - B C Incorrect TM-DM 
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08 C C C - D D Incorrect TM 

09 C C C A - D Incorrect TM-DM 

10 C C - E C C Incorrect TM 

11 B B C - D B Incorrect TM 

12 C D - C C D Incorrect TM 

A
cc

ep
ts

 s
tu

d
en

ts
 b

y
 t

h
e 

ex
am

 

CCT 

13 C E C E C E Correct Correct 

14 C E C E D E Incorrect TM 

15 C E C E A E Correct Correct 

16 C E C E C E Correct Correct 

17 C E C E C E Correct Correct 

18 B C C C C C Incorrect TM 

TET 

19 B C C C C C Incorrect TM 

20 C E C E C E Correct Correct 

21 C C C E B E Correct Correct 

22 D C C E C C Correct Correct 

23 C D C D C D Incorrect TM 

24 - C C C - C Incorrect TM 

TM: Target misconception, DM: Different misconception 

 

In pre-tests, E was not marked in any question in both schools; C, D, and B options were 

marked. In post-tests, E was marked in Orienteering, Formula-1, and Standardized 

questions, respectively. 

Overview: In post-tests, 13 students (9 CCT – 4 TET) marked E in at least one 

question. In the interview, ten students (7 CCT – 3 TET) explained the situation correctly, 

and the target misconception was not detected in 11 students (8 CCT – 3 TET). This is in 

favor of CCT. Students who could explain the interview question correctly had explanations 

such as S20: “They are the same. …Does not depend on its mass.” and S13: “Action- 

reaction forces... are in the opposite direction but have the same magnitude.”. Students who 

were found to have misconceptions had explanations such as S19: “The force exerted by the 

truck will be larger because it has more mass…” and S06: “The truck will exert a larger 

force on the car since its mass is larger…”. Another misconception that states action-

reaction forces depend on the velocity of the objects was detected with (S04, 07, 09) and 

without (S05) the target misconception. These students had explanations such as S09: “…the 
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truck will exert a larger force because it hits with very large velocity” and S05: “Because 

when the truck hits the car it may hit it slowly but when the truck hits it directly like this, the 

reaction…will be larger.” 

The school accepts students without the exam: In post-tests, five students (4 CCT – 1 

TET) marked E in at least one question. In the interview, three students (3 CCT – 0 TET) 

explained the situation correctly, and the target misconception was not detected in four 

students (4 CCT – 0 TET). This is in favor of CCT. In the interview, all of the students who 

read TET gave statements containing the target misconceptions such as S12: “The higher 

the mass of the truck, …the more the truck acts on the car.”. Target misconception was 

detected in two students who read CCT (S05,06). 

In the school which accepts students by the exam: In post-tests, eight students (5 

CCT – 3 TET) marked E in at least one question. In the interview, seven students (4 CCT – 

3 TET) explained the situation correctly. Due to the proximity of the numbers here, there is 

no significant difference that can be considered in favor of CCT or TET. The target 

misconception was detected in three students (S19,23,24) who read TET. For example, the 

description of S23 was as follows: “…the larger the mass, the greater the force on the 

smaller.” Four of the students reading CCT gave answers that did not include 

misconceptions in the interview, while the target misconceptions were determined in S14. 

S14: “…the truck acts with more force… Because the weight [mass] is higher”. For S18 in 

addition to marking C in all the questions, the target misconception was determined in the 

interview. S18: “Applies more [force] with large mass due to action-reaction force…”. 

When the answers given to the post-test and interview questions by the focus group 

made up of the students selected from the CCT and TET classes through the maximum 

variety sampling method were examined, more misconceptions were found in the answers 

given by the students having read TET than the answers given by the students having read 

CCT in the context of the school accepting its students without an exam. This indicates that 

reading CCT or TET does not significantly differ in the school admitting its students with an 

exam. Still, it leads to a larger difference in the school admitting its students without an 

exam. It should be taken into consideration that the main difference between the two schools 

is the level of readiness determined by a centralized exam. 

Similar to the case of concentration analysis of the classes as a whole, in the post-

tests and during the interviews, the target misconception has been detected in some students. 

These are all of the six students who have read the TET from the school accepting students 
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without an exam, and three of the students who have read the TET from the school accepting 

students with an exam. In both schools, two of the students who have read the CCT have 

been detected with the target misconception. 

Conclusion and Discussion 

One main question and one spontaneously developed question were posed in this study via 

three multiple-choice questions and simulation aided interview. These were the effectiveness 

of a CCT and a TET in eliminating the target misconception (RQ1) and the effect of texts on 

students with different readiness levels (RQ2). For the spontaneous RQ2, when comparing 

the impact of CCT and TET on student success, gender and interest may also become factors 

that impact the results, and this view may be useful to design different studies by 

considering Chambers and Andre (1995). However, since gender and interest are not within 

the scope of this study, the texts' effectiveness is not investigated to the extent of such 

factors. 

The use of a CCT and a TET developed by the researchers in this research seems to 

be a limitation. However, there are no suitable texts in the literature for this purpose. At the 

same time, the researchers prepared these texts not only on their own but also with many 

field education experts' opinions. In order to provide the readers with the opportunity to 

comment on the impact of the study by seeing its contents, all of the texts were presented 

within the scope of the study, and the development stages were explained in detail. With this 

feature, the study differs from similar studies in the literature. Nevertheless, it should be 

noted that different results may be obtained by using texts developed by other researchers. It 

is also known that students' comprehension is dynamic and may change over time. We 

cannot know whether the result found here can provide continuity. Nevertheless, by 

accepting the above limitations, the research questions can be answered as follows: 

The target misconception in this study is when two bodies collide; the body with the 

larger mass exerts the greater force. Unfortunately, at the end of the study, misconceptions 

continued in most of the students. This might be because of the individual differences and 

the fact that permanence of misconceptions varies from individual to individual and because 

misconceptions develop over the course of years, based on the personal experiences of the 

individual and they are exceptionally resilient to change (Chambers & Andre, 1995; Suping, 

2003, Yağbasan & Gülçiçek, 2003).  Moreover, the texts prepared in the current study might 

not have been suitable for all the students' profiles in the study group. Thus, different 

strategies may become helpful at overcoming misconceptions in different students 
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(Gülçiçek, 2009). Also, Chambers and Andre (1995) state that when comparing KDM and 

GAM's impact on student success, gender and interest may also become factors that impact 

the results. However, since gender and interest are not within the scope of this study. In this 

regard, Palmer and Flanagan (1997) found that although the students aged 15-16 read 

refuting texts about the misconception ‘movement requires force’, only 44% of them 

corrected this misconception. Moreover, as stated in the discussion about the concentration 

analysis, there are studies in the literature that state that neither TET nor CCT can be 

effective in overcoming the misconceptions (Wang & Andre, 1991; Chambers & Andre, 

1991, 1997; Baser & Geban, 2007a; Demir, 2010; Dilber et al., 2009; Akgül, 2010). 

However, CCT was found to be more effective than TET, but it was found that this 

effectiveness could not be generalized to all students. Because it was found that the source 

of the difference in favor of CCT was the school that accepts students without the exam. 

However, there is no difference in favor of CCT or TET for the school that accepts students 

by the exam. Thus, KDM is more effective than GAM in students with low readiness; 

however, it was revealed that there was no difference between the effectiveness of texts in 

students with high readiness. Some of the literature studies state that TET fails at providing 

help in student success (Chambers & Andre, 1991, 1997; Wang & Andre, 1991; Baser & 

Geban, 2007a; Akgül, 2010; Demir, 2010). However, there is no definite result in the current 

study, implying the failure of TET in both schools. Moreover, Chambers and Andre (1995) 

provide cases where TET can be more successful than CCT. 

When the research process is viewed from a different perspective, when the students’ 

answers in the focus group were examined in detail, their answers to the orienteering related 

question and answers to the interview question were consistent. The same situation was 

encountered less about the standardized and Formula-1 related questions. Thus, it can be 

argued that independent of the purpose of the current study, the differences that can emerge 

between the students' achievements evaluated with data collection tools in different contexts 

may result from the characteristics of the data collection tools. This result is similar to 

Kaiser, Jonides, Alexander’s (1986), Heller, Keith, and Anderson’s (1992) studies. 

Therefore, it is beneficial to note that different measurements can be obtained by using 

measuring instruments with idealized questions and measuring instruments with context-

based questions. 
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Recommendations  

Considering everything, although CCT is seen as an effective material in eliminating physics 

misconceptions in the literature, a TET containing the same examples may show similar 

effects. Here, the level of readiness of the student groups is important. In this study, CCT 

was more effective than TET in the group of students who could not settle in a school where 

students were admitted through the central placement exam. The contribution of this study to 

the literature was to reveal the effect of two different text types on students with different 

readiness levels. This knowledge can provide teachers with ideas for making the selection 

among various texts and provide researchers with data to make predictions about the various 

texts they develop to overcome the misconceptions. 
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