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Abstract: Our main purpose of the current research project is to improve the whole physics educational 

process at our university, not only the learning side from our students but also the teaching side from us 

instructors. In this report we discuss the part of the big project dedicated to the study of common dominant 

misconceptions among male and female students about force and motion.  We used the force concept inventory 

(FCI) as a study tool for this work and was given to our students as a pre and post test. Although our previous 

study showed an outperformance of our male students over females in almost all items from the inventory, this 

study shows that both groups are still holding the same kind of misconceptions. We were able to find a full list of 

common misconceptions between the two groups using the method of dominant incorrect answers. 
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I. Introduction 

We started this part of our project with the goal of detecting any common misconceptions among male 

and female students. In a previous publication [1], we reported a gender gap in performance in favor of male 

students and were immediately interested in studying the kind of misconceptions held by both groups and if 

they’re related. We gave the force concept inventory (FCI) [2] to both groups once at the beginning of the 

semester before they receive any instructions on force and motion (pre-test) and once after (post-test). Six 

different sections participated in this study with a final count of 341 students (177 females and 164 males). The 

reason for considering the results of both tests for this study is to check if any detected common misconceptions 

will persist after instructions. To analyze the results of the FCI test, we used a method first suggested by Martín-

Blas et al., (2010) [3] where we study all incorrect answers to all questions in the inventory. Every incorrect 

answer in the inventory is probing a certain misconception, therefore; by studying students’ answers in all tests, 

we were able to identify a full list of common dominant misconceptions between the two groups. Details about 

this method and the analysis used can be found below in section 3 along with dedicated sections for data 

collection (section 2) and results and discussions (section 4) and we finish with some concluding remarks in 

section 5. 

 

II. Data Collection 
The revised version of the Force Concept Inventory (FCI) [2] was used in this study containing 30 

conceptual questions about force and motion. One of the purposes of giving the FCI is to detect different 

misconceptions held by students [4-9]. All questions have five possible answers; one correct and four 

distracters. If you’re just studying student’s performance, you would be interested in the number of correct 

answers for each student, but if you’re after misconceptions then you should pay more attention to incorrect 

answers. Each wrong answer is carefully written to test for certain misconception based on students’ answers 

and one-on-one interviews with them afterward. The authors of the original paper included a taxonomy of 

misconceptions which was used to determine common dominant misconceptions among the two groups under 

study in both tests.  

 

Table 1. A taxonomy of Naïve conceptions probed by the Force Concept Inventory (Adapted from Hestenes et 

al.1992 and Bani-Salameh 2016b). 
Code Misconception Inventory item 

Kinematics 

K1 Position‐ velocity undiscriminated 19B,C,D 

K2 Velocity‐ acceleration undiscriminated 19A; 20B,C 

K3 Nonvectorial velocity composition 9C 

K4 Ego‐ centered reference frame 14A,B 
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Impetus 

I1 Impetus supplied by “hit” 5C,D,E; 11B,C; 27D; 30B,D,E 

I2 Loss/recovery of original impetus 7D;8C,E; 21A; 23A,D 

I3 Impetus dissipation 12C,D; 13A,B,C; 14E; 23D; 24C,E;27B 

I4 Gradual/delayed impetus build‐ up 8D;10B,D; 21D; 23E; 26C; 27E 

I5 Circular impetus 5C,D,E; 6A; 7A,D; 18C,D 

Active forces 

AF1 Only active agents exert forces 15D;16D; 17E; 18A; 28B; 30A 

AF2 Motion implies active force 5C,D,E;27A 

AF3 No motion implies no force 29E 

AF4 Velocity proportional to applied force 22A; 26A 

AF5 Acceleration implies increasing force 3B 

AF6 Force causes acceleration to terminal velocity 3A; 22D; 26D 

AF7 Active force wears out 22C,E 

Action-Reaction pairs 

AR1 Greater mass implies greater force 4A,D; 15B; 16B; 28D 

AR2 Most active agent produces greatest force 15C; 16C; 28D 

Concatenation of influence 

CI1 Largest force determines motion 17A,D; 25E 

CI2 Force compromise determines motion 6D; 7C; 12A; 14C; 21C 

CI3 Last force to act determines motion 8A; 9B; 21B; 23C 

Other influences on motion 

CF Centrifugal force 5E; 6C,D,E; 7C,D,E;18E 

Ob Obstacles exert no force 4C; 5A; 11A,B; 15E; 16E; 18A; 29A 

Resistance 

R1 Mass makes things stop 27A,B 

R2 Motion when force overcomes resistance 25A,B,D; 26B 

R3 Resistance opposes force/impetus 26B 

Gravity 

G1 Air pressure‐ assisted gravity 3E; 11A; 17D; 29C; 29D 

G2 Gravity intrinsic to mass 3D; 11E; 13E; 29C 

G3 Heavier objects fall faster 1A; 2B,D 

G4 Gravity increases as objects fall 3B;13B 

G5 Gravity acts after impetus wears down 12D; 13B; 14E 

 

In an earlier published paper [4], we included two tables as a reconstruction of the taxonomy of 

misconceptions that appeared for the first time in Hestenes et al., (1992) [2]. The reason for this reconstruction 

was to find misconceptions associated with a certain choice of each question faster. One of the two tables 

included codes representing different misconceptions and the other one showed all misconceptions arranged by 

question number and the five possible answers of each question. In this paper we include only one table (Table 

1) adapted from the original paper and from our other paper [5]. This table will serve as our reference to 

different codes associated with different misconceptions.  

From Table 1 one can identify misconceptions associated with students’ answers to any question in the 

inventory. If a student chose answer A for question number 29 for example, we can see it’s the code OB 

associated with this answer and that means the student has the misconception of “Obstacles exert no force”. In 

the case they choose answer C for this question, there are two codes showing under that choice; G1 and G2. 

Whenever there exists more than one code under the same answer that means this answer might have been 

driven by more than one misconception that the student have. In this particular case, the two misconceptions are 

related to gravity.We used the dominant incorrect answer method [3] to analyze the data collected. This method 

helped in the detection of common dominant misconceptions between the two groups. For any misconception to 

be considered dominant, certain incorrect answer/s for a certain question must be chosen by students 50% more 

times than other incorrect answers for that particular question, more on the details of this method is discussed in 

section 3.  

 

III. Data Analysis 
Before we start our discussion on common misconceptions found among our male and female students, 

we should mention first that we already have reported on weak overall performance of both groups with male 

students outperforming females in almost all items from the inventory [1]. With that being said, now we turn our 

attention to our goal from this study to identify common misconceptions. We used the analysis of the dominant 

incorrect answers [3] where we examined all incorrect answers of every question in the pre and post FCI tests 

for males and females with results reported in Table 2. All dominant misconceptions found from students’ 

incorrect answers are listed in column 1 as codes (see Table 1). Column 2 lists the item number from the FCI 

test where the misconceptions where found. The last four columns list the percentages of the incorrect answer/s 

in pre and post tests for both males and females. Some of these numbers are less than the 50% threshold but 

were listed for comparison.   
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To get any useful information from Table 2 it should be noted that these numbers in the last four 

columns do not represent percentages of students answering a single incorrect answer only nor is normalized to 

the total number of students. To identify common misconceptions, we followed information given in table 1 

where there might be more than one choice in a single question driven by the same misconception. Therefore; to 

find the percentage of that misconception, we had to add these incorrect answers together and then divide the 

result by the number of incorrect answers for that question. If the percentage is more than 50%, that 

misconception is considered to be dominant for any question [5,5].   

 

IV. Results And Discussion 
To study Table 2 in details, we take one of the items listed and whatever applies to it can be extended 

to the rest of the items. In Table 2 we find the code AF2 which according to table 1 is the misconception of 

“Motion implies active force”. This misconception was detected from students’ answers to be dominant in two 

questions; 5 and 27 for all tests given for both males and females. Numbers associated with these two questions 

in Table 2 represent percentages of students picking certain wrong answer/s. In the case of question 5, there are 

three different incorrect answers driven by the misconception AF2, namely C, D and E (see Table 1). Based on 

this, the first number being 86% means there were 86% of the total number of male students not answering Q5 

correctly in the pre test chose one of these three wrong answers. The second column is for female students in the 

pre-test, the third column is for male students in the post-test and the last column is for female students in the 

post-test. For Q27, it’s only one choice driven by the misconception AF2 (choice A) and the numbers in this 

case represent the percentages of students choosing a single wrong answer.   

 

Table 2. Dominant misconceptions’ codes (see Table 1) with corresponding inventory item and the normalized 

number of incorrect answers (%) for both male and female students in pre and post tests. 
Misconception 

Code 

Question  

Number 

Pre 

M 

Pre       

F 

Post 

M 

Post       

F 

K1 19 71% 63% 65% 80% 

 20 67% 49% 77% 63% 

K3 9 60% 40% 67% 36% 

K4 14 96% 86% 80% 89% 

I1 5 86% 85% 99% 95% 

 11 65% 78% 84% 83% 

 30 97% 95% 94% 98% 

I3 12 95% 75% 95% 84% 

 13 97% 96% 99% 99% 

 23 80% 58% 75% 69% 

 24 75% 80% 67% 71% 

I4 10 79% 45% 80% 59% 

I5 5 86% 85% 99% 95% 

 6 79% 54% 45% 58% 

 7 51% 66% 21% 70% 

 18 61% 64% 60% 63% 

AF2 5 86% 85% 99% 95% 

 27 68% 56% 60% 58% 

AF5 3 59% 33% 45% 55% 

AF6 22 49% 51% 64% 50% 

AR1 4 77% 69% 77% 64% 

 28 56% 55% 81% 37% 

AR2 15 45% 32% 80% 49% 

 16 52% 24% 68% 48% 

 28 56% 55% 81% 37% 

CI1 17 89% 78% 95% 89% 

 21 42% 25% 57% 28% 

CI3 8 60% 63% 58% 68% 

CF 6 21% 46% 55% 42% 

 7 55% 52% 83% 41% 

Ob 11 69% 44% 42% 34% 

 29 77% 58% 25% 34% 

R1 27 92% 89% 94% 89% 

R2 25 83% 67% 85% 95% 

G1 29 17% 33% 67% 54% 

G3 1 59% 37% 53% 25% 

 2 47% 49% 52% 40% 

G4 3 59% 33% 45% 55% 

 13 52% 32% 43% 26% 

G5 13 52% 32% 43% 26% 
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Table 2 offers a lot of information about misconceptions held by our students but we’ll focus our 

discussion on few interesting cases. All misconceptions listed in table 2 seemed to be common dominant 

misconceptions by males and females except for: I4, AR2, CF, G4 and G5. We made this conclusion based on 

the fact that there are different percentages for males and females associated with these particular 

misconceptions (see Table 2). Many of these common misconceptions showed high persistent even after 

instructions where we see high percentages of male and female students in both the pre and the post tests having 

these misconceptions. One example is the misconception of the “Impetus dissipation I3”; this misconception is 

probed by six different questions in the inventory and was found to be dominant in four of them: Q12, Q13, Q23 

and Q24. It’s not only being dominant in these questions but also with almost the same percentages in both tests 

for both groups. This is a clear indication of common way of thinking among all students; males and females. 

Other interesting cases we found in Table 2 are related to some misconceptions being common in some 

questions probing it and not others. One example is the misconception of “Largest force determines motion 

CI1” where it’s probed in Q17 and Q21; it was found to be common among males and females with very similar 

percentages in Q17 but not in Q21, it’s not only not common but not even dominant in Q21. One indication of 

this might be in the way these two questions are formatted, students were able to understand and answer Q21 

better than Q17. Or the possibility that students have more than one misconception and there were no clear 

winner in Q21. 

There are cases in Table 2 were we detected common dominant misconceptions for males and females 

in the pre test and it wasn’t even dominant in the post test (example is the misconception of “Obstacles exerts no 

force” Ob). We also detected the reverse effect were a certain misconception is not common in the pre test but it 

is in the post test (the misconception of “Air pressure-assisted gravity” G1). These two mentioned 

misconceptions are both probed in different answer choices in question 29 and what we detected was most likely 

due to students holding the two misconceptions at the same time and just guessing the answer in this case.The 

last comment we want to make regarding Table 2 is it’s relation to the gender difference. We showed a clear 

evidence in a previous work [1] of a gender gap in the students’ performance measured by the FCI, here we also 

show evidence of common misconceptions between them. This is telling us that these misconceptions are 

universal and don’t depend on gender; even though our male students outperformed our female students in 

almost all the inventory items, both still hold the same misconceptions. One example from    table 2 that show 

this point clearly is the misconception of “Motion implies active force AF2” which is probed in Q5 and Q27. As 

was shown in our previous report [1], females slightly outperformed males in Q5 but were outperformed by 

males in Q27 but nevertheless all of them had this common dominant misconception in all tests. 

 

V. Conclusions 

We dedicated this study to identify any common misconceptions among our students. We used the FCI 

as our measurement instrument and gave it to our students before and after they received instructions on force 

and motion. We used the method of dominant incorrect answers to identify common misconceptions. Even 

though male and female students scored differently on the FCI tests [1], results of this study showed clear 

evidence that they all hold same misconceptions. Similar results were reported before regarding the universal 

nature of Newtonian mechanics misconceptions [10-13]. This report serves as one of the first few steps in our 

main project; we aim at a whole evaluation and then reconstruction of our physics education process at our 

school. We started by the evaluation part (this report and previous ones [1, 2-3, 14]) and the next stage of 

reconstruction will follow. The next stage will require some careful planning to redesign our instructions and the 

way they’re delivered to students. This change must be based on our results and the results from other 

researchers all around the world. After that we have to run tests again to see if we managed to make any 

difference in students’ performance in the post test or if we were able to reduce (or even hopefully eliminate) 

gender gap in performance.  
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