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Abstract 
 

Most physics instructors do not consider the way their students understand 
concepts in physics. They assume that once the students are able to quote 
some formulae to solve mathematical problems correctly by knowing how to 
make change of subjects of variables in the formulae, then they are conversant 
with the understanding of concepts as well. Also, because most physics 
teachers consider one’s capabilities to solve difficult formula-based problems 
correctly in physics as a measure of students’ intelligence in physics concepts, 
they hardly give conceptual problems to students to analyze to see how well 
they understand them. In this study conceptual problem questions were 
developed and given to probe into how students understand some concepts in 
mechanics. It was found out that most students understand some concepts in 
mechanics differently.  

 
 
Introduction 
Do you know that the traditional lecture method of physics instruction has been able 
to produce many successful scientists and engineers? Do you also know that a lot 
more would have been produced if other teaching approaches like interactive 
engagements of students had been used?  
 Basically, the teaching method usually employed by teachers in schools is the 
“traditional lecture method”, where students become the central repository of 
whatever the teacher says. This has led to rote learning among students without proper 
understanding of concepts. According to Elby (1999), students spend more time 
focusing on formulae and practice problems and less time focusing on concepts and 
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real-life examples. If teachers decide to test students conceptual understanding by just 
making them to define or superficially explain some concepts/terms, they might not 
see the real problems of students, as they could have learnt some 
definitions/explanations by rote and could easily recite them. Probing questions where 
students would have to apply their understanding to give the correct explanation or 
choose the correct option would actually show the difficulties students have in these 
concepts. 
 The study was made among 17 first year physics students at the University of 
Education, Winneba (UEW), who were to take an introductory mechanics course in 
the first semester, first year. The results reveal that students come into the university 
with numerous alternative concepts in terms of their understanding in some concepts 
in mechanics.  
 This study would reveal to teachers some of the numerous conceptual difficulties 
that students have in mechanics. At least this could cause some teachers to be 
motivated to use good conceptual questions as part of their lessons to probe into 
students’ difficulties and help them in the teaching of physics. This is necessary as it 
is widely believed that a student’s interest in physics will depend on how familiar he 
is with his concepts in physics and would conceive of physics knowledge as a unified, 
coherent, richly-interconnected whole. 
 
 
Related literature 
A lot of work has been done on students misconceptions in physics in general and 
mechanics in particular. Numerous research works on students’ understanding in 
mechanics have revealed that certain incorrect ideas are laid on students mind. There 
is considerable evidence that university students often have many of the same 
conceptual and reasoning difficulties that are common among younger students.  
 Some students cannot differentiate between distance and displacement; speed and 
velocity. They think each pair has the same meaning and can be used interchangeably 
(Towbridge & McDermott, 1980; 1981). Also, most students in mechanics class, do 
not see a change in only direction as a change in velocity. Some students also 
misconstrue a change in velocity as just “velocity”. Hence they could use a constant 
velocity value and time to calculate for acceleration (Reif & Allen, 1992).  
 Also for projectile motions and vectors, students find it difficult to visualize the 
independence of the vertical and horizontal motion. They also have the idea that, 
force of throw of a projectile goes with the object; what has been described as impetus 
(Hestenes, Wells & Swackhamer, 1992).  
 Over 500 students in Israel who wrote a written test with 35 students being 
interviewed on questions about forces acting on various objects such as a book at rest 
on a table, pendulum bob, a cannonball in flight, and others revealed students’ belief 
that no forces act on an object at rest (Finegold & Grosky, 1991). 
 The use of force concept inventory, FCI, (Halloun, Hake & Mosca, 1995), which 
is a revised multiple-choice test with some common misconceptions as distractors has 
vindicated a lot of physics education researchers that students lack conceptual 
understanding in mechanics both at the secondary and the college/university level.  
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 Champagne and Anderson, (1980) revealed that students, who had previously 
studied physics, had many incorrect ideas like; a force will produce motion; a constant 
force produces constant velocity; magnitude of the velocity is proportional to the 
magnitude of the force; acceleration is due to an increasing force; and in the absence 
of forces, objects are either at rest or slowing down. 
 Students also think that a large truck exerts a greater amount of force than a small 
compact car when they collide, (Hestenes et al, 1992). 
 
 
Method 
Some conceptual and reasoning questions were formulated as part of a lesson plan to 
be given to students to discuss in groups of at least 4 students, and then come out with 
their views during the plenary discussion. The questions are specially formulated on 
concepts to allow students to express their views on them. The questions are 
sometimes in the form of cartoon expressing some concepts, conversation of two 
people talking about some concepts or a thought provoking question about a concept, 
and students have to come out with their views on them. 
 This method of allowing students to voice out their views on concepts is necessary 
so as to allow the teacher to acknowledge the conceptual problems students have, and 
find means of salvaging them during the teaching session. The neglect of this 
procedure might lead the teacher to teach the students without tackling the real 
problems of the students. Students will pass through the educational ladder without 
better understanding of such concepts. It is only when students have better 
understanding of these concepts that they can apply them in solving similar problems. 
This will make learning effective and could be used in solving new but similar 
problems. 
 
 
Students’ interpretation of some concepts 
Distance and displacement 
Q1. Listen to the conversation between Ama and Kofi and comment on it. 
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The fragment below shows students ideas on the conversation: 
1. Student 1: I feel that Kofi is right in the sense that in this instant, distance and 

displacement is the same, because it is talking about a specified direction, so 
Ama went from north, sorry, south to north and back on the same distance. 
You see, so the distance from south to north is positive and then from north to 
south is negative, so they will nullify each other and at the end the resultant 
distance will be zero. I think Kofi is right. 

2. Student 2: Our comment on the conversation, em, we seek to the idea of Kofi, 
because since Ama covered a distance from south to the north campus, so the 
displacement going and coming, going is positive and coming becomes 
negative. At the end of the day the 2, negative and positive cancel each other. 
So at the end of day the displacement of Ama becomes zero, so we back on 
Kofi’s idea that the distance becomes zero. 

 
 If students were to have clearer understanding of distance and displacement, they 
could have realized that going and coming back to the same position would give you a 
displacement of zero. That means there is no change in position. But with regard to 
the distance, because it talks about the path length covered, then going to the north 
and coming back cannot give you zero.  
 In the conversation, if Kofi had said “…, so your displacement is zero”, he would 
have been correct.  
 Some students see distance to be the same as displacement always. Maybe, this is 
due to the way the English dictionary defines displacement-as the shortest distance 
between two points or places. In physics, the two are different concepts and the two 
can only be equal when the shortest possible distance between the two paths are 
joined by a straight line, and it is the only possible path.  
 
 
Instantaneous speed and average speed 
Q2. Conversation between a policeman and a driver who was charged with over 

speeding. 
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Comment on the conversation. 
3. Student 3: I thought the driver didn’t understand what the policeman was 

saying. According to the policeman, even though the driver didn’t drive up to 
1 hour, if the speed he was driving, if he should drive for 1 hour, he will cover 
80 km. That is if the time is long, he will cover 80 km within an hour. And 
that is what the policeman was telling him that he is not supposed to do that 
even though he didn’t cover 1 hour. And he is saying that his house is just near 
and he is driving at 6 km per an hour. So if you want to take the driver’s 
statement, then he wants to tell us that, for every 1 hour, he will cover 6 m, 6 
km which is wrong. 

4. Student 4: Looking at the statement of the driver, (aha), it seems the driver is 
not right. When you take the time he used to cover the distance of 1 km, when 
you calculate for the speed, the time, you see the time, it’s like he went 10.02 
m/s, 6 km/h. It means that the driver was wrong with the statement saying that 
he used 10 minutes to drive 6 km/h, which is contrary to the policeman. 

 
 From the conversation, we wanted students to infer that while the policeman is 
depending on instantaneous speed to make his case, the driver was defending himself 
by using average speed. The two people are using two different concepts. Hence, the 
policeman has to explain to the driver the concept that he is basing his argument on is 
different from the concept that the driver is using. 
 
 
Acceleration  
Q3. If an object has an acceleration of 0 m/s2, one can be sure that the object is not 

(a) moving (b) changing position (c) changing velocity 
 

5. Student 5: “A” and “B” will be applicable. 
6. Teacher: “A” and “B” will be…  
7. Student 5: Applicable.  
8. Teacher: That means you want to tell me that if an object has an acceleration 

of 0 m/s2, one can be sure that the object is not moving. 
9. Student 5: Yes. 
10. Teacher: And at the same time it is not changing position  
11. Student 5: Yes.  
12. Teacher: And the third one, that is … 
13. Nick: Out.  
14. Students: Out 
15. […] 
16. Student 6: All the 3 are applicable. 
17. Teacher: All the 3. 
18. Student 6: Because, if it is not moving there will be no way that the position 

will change. 
 
 Most students’ think that acceleration of 0 m/s2, only means that the object is 
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stationary. Meanwhile, acceleration of 0 m/s2 could also mean that the object is 
moving but with constant/uniform velocity, and can be changing positions. So if an 
object has an acceleration of 0 m/s2, then one can be sure that, the object is not 
changing velocity. Students need to get the perfect understanding of the term, change 
in velocity. When an object is moving at constant velocity, it means both the final 
velocity, vf and the initial velocity, vi, will have the same value. Hence, vf-vi=0, which 
could also make the value of the acceleration to be zero. 
 Most students hardly understand the term, change in velocity. Those who see it as 
(vf-vi) , think that the initial velocity is always 0 m/s, either provided or not provided, 
and any other value in speed is for the final velocity, vf. This was quite explicit in an 
assignment given to students: 
 
Q4. What is the acceleration of a car which moves at a constant velocity of 30 m/s 

for 5 s? 
 
Solution of most of the students 

  26m/s
5s

0m/s30m/s
t

uv
elapsed time

yin velocit changeonAccelerati 1.Solution  =
−

=
−

==  

 
 Some students who see the “change in velocity” to be equal to “velocity” also 
have their solution in this form: 

 
26m/s

5
30

time
velocityonAccelerati 2.Solution ===  

 
 It also shows that some students equate change in velocity to velocity (Reif & 
Allen, 1992). 
 
Free-fall objects 
Q5. Which of the following statements is/are true of a free-falling object? An 

object in a state of free fall; (a) falls with a constant speed of -10 m/s. (b) falls 
with varying acceleration (c) falls under the sole influence of gravity. (d) falls 
with downward acceleration which has a constant magnitude (e) motion which 
falls under the influence of air resistance. 

 
19. Teacher: What about “falls with a constant speed of -10 m/s?” That one you 

didn’t choose. 
20. Student: No. 
21. Teacher: Falls under the influence of gravity. You didn’t choose. 
22. Students: No. 
23. Teacher: Falls with downward acceleration which has a constant magnitude. 

You didn’t choose that one. 
24. Student: No. 
25. Teacher: You only chose motion which falls under the influence of air 

resistance.  
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 Students find it difficult to convert graphs. For example, all the students could not 
convert the position-time graph of the ant into velocity-time graph. This was observed 
from their quiz papers after it had been marked. They lacked the knowledge in 
conversion of graphs from one form into another. 
 
Q7. Little Johnny stands at the bottom of the driveway and kicks a soccer ball. The 

ball rolls northward up the driveway and then rolls back to Johnny. Which one 
of the following velocity-time graphs (A, B, C, or D) most accurately portrays 
the motion of the ball as it rolls up the driveway and back down? 

 

 
 
 
Teacher: Which one did you choose? (Referring to the options in the 2nd 
question). 

38. Class (responded): “A”. 
39. Teacher: Anybody with different answer? (Students responded no sir). You all 

choose “A’. Why “A”? Yes. 
40. Student 9: Sir, because the ball rolled northwards, then it returned back, which 

means that, it moves in opposite direction, it will be in southwards direction. 
Then there is… 

41. Teacher (interrupting): We are talking of velocity-time graph not distance-
time graph. Yes, you chose? (the teacher called another student who had raised 
up his hand). 

42. Student 10: “C”. 
43. Teacher: Why did you choose “C”? 
44. Student 10: Okay, little Johnnie kicked the ball to the north. … He kicked the 

ball, it reached the maximum height, it fell back to him, when it fell back to 
him,… (the other students said “it bounced”, trying to apply the correct word). 

45. Teacher: Okay, has anybody… Student 7, which one did you choose? 
46. Student 7: Sir A, 
47. Teacher: Why “A”? Why did you choose “A”? (No response from Student 7). 

Or you think people were choosing “A” so also just chose “A”. 
48. Teacher: …, Student 11, yes. 
49. Student 11: Even the graph shows, because the 0 point, the velocity is 0. From 

the initial to a certain point or a certain height, northwards, then it came back. 
Maybe, if we are concerning displacement here, it will be positive and 
negative (pointing his right hand upwards and downwards).  
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 Students describe graphs in the form of pictures. They do not consider the type of 
graph. That means for a ball to roll up northward and then back to the same person, 
then they expect the shape of graph that will portray something moving upward to 
represent the roll up and something moving downward to show roll back to Johnie 
irrespective of the type of graph. Hence students’ choice of option A.  
 
Vectors 
Q8. A boat heads straight across a river. The river flows north at a speed of 3 m/s. 

If the river current was greater, then the time required for the boat to reach the 
opposite shore would not change. (i) True or (ii) False 

 
50. Teacher: If it is true, give your reason, if it is false give your reason. 
51. Student 3: False.  
52. Teacher: What is your justification? 
53. Student 3: Here we see that the boat is not moving in the same direction with 

the current of the water. So it’s like the boat is moving 900, to the flow or the 
current of the water. And that will impede its movement, so it will spend more 
time to reach there, the opposite side.  

54. […] 
55. Student 7: I second what he was saying, because the boat was travelling and 

we are having a current, the river, so how can we say that, then it means that, 
unless you change your direction. Since there is a current, I think that it will 
require more time than normal time that maybe we should use.  

56. Student 1: … So I think it is false.  
 
 Students have problems here. If they had understood that perpendicular motions 
(vertical motion and horizontal motion) do not have any effect on each other, they 
would not think that the time for the boat to get to the other end will be affected. Thus 
there will be change in position where the boat would have been if there were no 
current, and students usually take the change in position to mean that, it will take 
longer time than the supposed time.  
 
Projectile motion 
Q9. Without air resistance, an object dropped from a plane flying at constant speed 

in a straight line will (a) quickly lag behind the plane (b) remain vertically 
under the plane (c) move ahead of the plane (d) not covered in the reading 
assignment. 

 
Q10.  A ball is thrown horizontally from a height above the earth. Neglect air 

resistance. Which of the forces provided will act on the ball after it is thrown. 
(a) the force of throw from the thrower (b) force of gravity (c) force from 
speed (d) none of them 

 
57. Student 6: Sir, me I wrote “a”, quickly lag behind the plane. 
58. Teacher: You wrote “a”, quickly lag behind the plane…. Anybody again with 
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different answer? (A student responded, no). No. What about the 2? A ball is 
thrown horizontally from a height above the earth. Neglect air resistance. 
Which of the forces provided will act on the ball after it is thrown? 

59. Students: Some said force of the thrower and others also said force of gravity. 
60. Teacher: So which is which? 
61. Students: Majority of the students said “force of gravity”, while a few insisted 

“is the force of the thrower”. 
 
 Some students do believe that if an object comes out of a plane flying at constant 
speed in a straight line without air resistance, the object will lag behind the plane. 
Maybe, this is what they have been observing in reality. They find it difficult to see 
that it will remain vertically under the plane. This is because of their limited 
understanding in projectile, as an object upon which the only force acting is gravity. 
The object dropped out of the plane would move with the same speed (if the plane’s 
speed continues to be constant) as the plane, and the force of gravity will act on it to 
come down. 
 Some students think, if for instance an object is thrown by a person, the force with 
which the thrower used still accompanies the object, and it reduces as it moves. This 
is what is described as impetus. Some students are not aware that the moment the 
object is thrown, the force of the thrower does not in any way accompany the object 
again. The force of the thrower was used only to accelerate the object, so that the 
moment it is thrown only the force of gravity acts on the object.  
 
Newton’s 1st law of motion 
Q11. To dislodge ketchup from the bottom of a ketchup bottle, it is often turned 

upside down and thrusted downward at high speeds and then abruptly halted. 
Which of the Newton’s laws of motion explains this phenomenon. Explain. 

 
62. Student 5: Sir, there will be a force. Newton’s 3rd law will be applied to this.  
63. Teacher: Why, Newton’s 3rd law? 
64. Student 5: Sir, there will be opposite action and reaction, when…. 
65. […] 
66. Student 11: Newton’s 3rd law of motion which states action and reaction are 

equal but opposite in direction. So this one when you do it like this, (Student 
11 demonstrating with his hand), g acts on it, and there is a viscous force, 
viscosity, (students burst into laughter). 

67. […] 
68. Student 12: The same thing. We used the 3rd law. 
69. Teacher: The third law.  
70. Student 12: Yes sir. 
71. Teacher and some students: Explain, why the 3rd law? 
72. Student 12: Because, as it was pushed you realized that the force moving from 

the other end and the force that is here, (using the hand to demonstrate), will 
be in the same… 
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 Students find it difficult to use inertia/Newton’s 1st law to explain some of the 
daily life occurrences. Those who were able to state that it was Newton’s 1st law of 
motion failed to give the correct interpretation. 
 Some students relating the thrusting of the ketch up bottle turned upside down and 
halted abruptly as Newton’s 3rd law have difficulty in identifying the action and 
reaction in the 3rd law. It also signified that students have difficulty in understanding 
the 3rd law, and what makes up the action and the reaction.  
 
Q12. A group of physics teachers are taking some time off for a golf. The Golf 

Course has a large metal rim which putters must use to guide their ball 
towards the hole. Mr. Boakye’s guides a golf ball around the metal rim When 
the ball leaves the rim, which path (1, 2, or 3) will the golf ball follow? 

 

 
 

73. Student 13: Sir, I think it is 3 because it is still in motion, so it will try to 
follow that circular path.  

74. […] 
75. Teacher: Yes Student 3. 
76. Student 3: Sir, it is 3. 
77. Teacher: The answer is 3, eh?  
78. Student 3: Yes. So it’s like the body is accelerated by the force, that is one 

particular force giving it a specific direction. That is that circular direction. 
And now there is no force acting on it to change it’s direction. If it had been 
set to circular direction it will continue to follow that direction, unless another 
external force will act on it. 

79. Teacher: Yes, Student 14 ? 
80. Student 14: Sir, I said 3. 
81. Teacher: Why 3. 
82. Student 14: The same idea. 
83. Teacher: What is the meaning of the same idea? 
84. Student 14: Okay sir, have you seen, when the body started the motion, eh, it 

was set into, it was accelerated into a circular path, so whilst moving there it 
was accelerating in that circular path. So if it reaches that stage, that 
acceleration is circular path, it continues in circular path. Unless any external 
force acts on it to stop or go into…. 

 
 This clearly shows that students have different interpretation to Newton’s 1st law 
of motion. If they had perfect understanding of the 1st law, they would have been able 
to choose option 2 and explain that the circular tube was providing the centripetal 
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force to cause the golf ball to move in a circle. But when it got out of the circular 
tube, there was nothing to force it to move in a circle, hence it moved in a straight line 
as proposed by Newton in his first law.  
 
Newton’s 3rd law of motion  
Q13. While driving down the road, a firefly strikes the windshield of a bus and 

makes a quite obvious mess in front of the face of the driver.  
i. This is a clear case of Newton's ………… law of motion.  
ii. The firefly hit the bus and the bus hits the firefly. Which of the two forces 

is greater: the force on the firefly or the force on the bus? 
 

85. Students: 3rd law, 2nd law. 
86. Teacher: Why 2nd law, why 3rd law?  
87. Students: 3rd. 
88. Teacher: Why 3rd?  
89. Students: Action and reaction.  
90. Teacher: So which is the action and which is the reaction. 
91. […] 
92. Student 15: I think the reaction is the movement of the fly. 
93. Teacher: The movement. The firefly hit the bus and the bus hit the firefly. 

Which of the 2 forces is greater? 
94. Students: The bus, sir they are equal, no they are not equal. 
95. Teacher: Which of the 2 forces is greater? And he is asking the force on 

the firefly or the force on the bus? 
96. Students: The force on the bus. Some also said, both forces are the same.  
97. […] 
98. Some students: They are not equal. 
99. Teacher: Why are they not equal? 
100. Student 1: If they are equal, then the car will stop. 

 
 Even though students are very conversant with Newton’s 3rd law by reciting it 
easily, they have difficulty in relating it to real life situation. They seem to find it 
difficult to believe in Newton’s 3rd law, or they simply do not understand the meaning 
of the 3rd law. If they did, they would have easily seen that forces exerted by both 
objects irrespective of their masses would be the same but moved in opposite 
directions, because action (force) and reaction (force) are equal but opposite.  
 From students’ response, they have difficulty in identifying the action and the 
reaction. They have the Newton’s 3rd law at their finger tips, but hardly do they 
understand the key words in the law; action, reaction, equal and opposite.  
 
Motion on inclined planes 
Q14. Three lab partners - Paul, Patrick and Dominic - are discussing an incline 

problem (see diagram). They are debating the value of the normal force. Paul 
claims that the normal force is 250 N; Patrick claims that the normal force is 
433 N; and Dominic claims that the normal force is 500 N. While all three 
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answers seem reasonable, only one is correct. Indicate which two answers are 
wrong and explain why they are wrong. 

 

 
 

 
101. Student 2: Sir, we agreed that 500 N would be correct. 
102. Teacher: You are saying 500 N is the correct, then why are the other two 

wrong? 
103. Student 2: Sir, looking at the magnitude of the arrows, the frictional force, 

the direction that goes is opposite that of the normal force and then force 
of gravity. So we said the force of gravity and the normal force are in 
equilibrium, they are the same.  

104. Teacher: That is what you claim, okay. So you think 500 is the best 
answer.  

 
 Some students consider Fnormal= Fgravity in motion of a body on inclined plane. 
They consider it the same way as they do to a body on a flat horizontal surface.  
 Some know that the Fperpendicular is calculated by the formula mgcosθ , but find it 
difficult to deduce how that formula is obtained; the same as the Fparallel. 
 
Momentum 
Q15.  Express your understanding of the concept and mathematics of momentum by 

answering the following questions.  
 
A large truck and a Volkswagen have a head-on collision. 

a. Which vehicle experiences the greatest force of impact?  
b. Which vehicle experiences the greatest impulse? 

 
105. Teacher: (Teacher reads the question). Which vehicle has the greatest 

force of impact? 
106. Student 16: It is the Volkswagen (finding it difficult to pronounce) . 
107. Teacher: That will have the greatest force of impact. Why? 
108. Student 16: It is going to have a smaller mass and because of that it will 

have a smaller momentum. 
109. […] 
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110. Teacher: Which vehicle experiences the greatest impulse? 
111. Some students: The truck. 
112. Teacher: Why the truck?  
113. Student 17: It has a great mass. 

 
 Students have difficulty in understanding Newton’s 3rd law and impulse. Teachers 
have to use unequivocal approaches (the use of microcomputer based laboratory 
tools) to convince students that both vehicles would have the same force of impact as 
well as impulse. 
 
Work 
Q16.  Read the following statements and answer with explanations whether or not 

they represent examples of work.  
a. A teacher applies a force to a wall and becomes exhausted. 
b. A book falls off a table and free falls to the ground. 
c. A waiter carries a tray full of meals above his head by one arm straight across 

the room at constant speed. 
d. A rocket accelerates through space. 
e. A man is holding a bucket full of water vertically and moving horizontally 

through a distance. 
 

114. Student 17: So what about the (c)?  
115. Student 16: Force is applied, by one arm. 
116. […] 
117. Student 14: You have done work. 
118. Student 16: As long as you move a distance, you have done work. 
119. Student 15: A rocket accelerates to the space, work is done. 
120. Student 17: Yes work is done. 
121. Student 17: A man is holding a bucket full of water and moving 

horizontally through a distance, work is done.  
 
 Students know work to be equal to the product of force and distance in the 
direction of force (or force x displacement), so in questions where they are to justify 
whether work has been done or not, they try to look for force and distance (or 
displacement). If there is a force that has caused distance, then they would classify 
that scenario as work being done. Just as they applied to the questions above. They 
sometimes look at work, not from the physics viewpoint. They consider it the way 
people look at work. And because there are force and distance moved by force, they 
classified all the scenarios as work done. 
 Teachers have to make a clear distinction between the work we consider outside 
physics classroom and the physics meaning of work. They hardly know the correct 
definition of work as, work= cosθntdisplacemeforce ×× , where θ  is the angle 
between force and displacement. So whenever a question is given and the θ=900, 
students hardly find that the work done is 0, as in question (c) and (e).  
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Circular motion 
Q17.  Which of the following is/are fictitious force/s? (a) centripetal force (b) 

centrifugal force (c) weight (d) tensional force (e) frictional force (f) all the 
forces mentioned (a-e) do exist. 

 
122. Teacher: Yes, which one is a fictitious force? 
123. Student 17: All the forces do exist. 
124. Teacher: All the forces do exist, okay. Ali, your group? 
125. Students: …, all the forces do exist. 
126. Students consider centrifugal force to be a real force. They do not see it as 

a fictitious force.  
127. Teacher: When you are sitting in a car which is moving round a circle, 

what happens to you? 
128. […] 
129. Student 14: As the car is moving this way, you are going (the same 

direction-interjected student 11), no, not the same direction, (outwards, 
outskirt, other side-interjected some students), outwards.  

130. Teacher: So you want to tell me that when the car is somewhere here, it 
means, you will be moving this way (Teacher draws the motion on the 
board then points to the outward direction)? 

131. Some students: Yes sir.  
 
 Students think when one comes out of a car moving round a circle, he/she will 
move outward. They consider centrifugal force to act on the person to have that 
outward movement. Students believe that is what actually happens when they 
experience such a situation, hence they move to touch the gate, the side or the next 
person sitting close to them. 
 That is not what pertains when one is in car moving in a circle. If they were to 
come out, they would move in a straight line tangential to a point on the circle.  
 
Gravitation-weightlessness 
Q18. Astronauts on the orbiting space station are weightless because... 

a. there is no gravity in space and they do not weigh anything.  
b. space is a vacuum and there is no gravity in a vacuum. 
c. space is a vacuum and there is no air resistance in a vacuum. 
d. the astronauts are far from Earth's surface at a location where gravitation has a 

minimal effect. 
 

132. Teacher: (Teacher reads the question). Which one did you choose? 
133. Student 17: We chose (d). 
134. Teacher: You chose ‘d’ but why? 
135. Student 17: Because, I think the higher you will be going the less gravity 

there. 
136. Teacher: So it means when you have less gravity it means, you become 

weightless? 
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137. Student 17: Since weight is mass times acceleration due to gravity and as 
we said, the higher we go the lesser the gravitational… 

138. Teacher: What do you understand by weightlessness? 
139. Some students: No weight or without weight. 
140. […] 
141. Student 6: We chose ‘d’. … Sir, we said the higher you go the lesser the 

acceleration due to gravity, so it will affect the … 
142. Teacher: Student 11, your group. 
143. Student 11: Sir we chose “d”….As they have said earlier but I have to add 

something. When you go to the higher altitude, something like space, the g 
there is not the same as on earth. So the g there decreases and since the 
mass is constant you get the weight being small or smaller than the one on 
the earth surface.  

 
 None of these could be used as appropriate reasons for the weightless sensations 
experienced by orbiting astronauts. Students usually relate “weightlessness” in 
gravitation to objects without weight or losing weight due to their distance with the 
location on the earth’s surface. Thus the higher the location to the earth’s surface the 
minimal the gravity and hence the less the weight. But weightlessness in physics 
simply is a sensation experienced by an individual when there are no external force 
objects touching one’s body and exerting a push or pull on it.  
 
 
Conclusion 
Many instructors might feel surprised to see these, give it a try and you will realize 
how we have not been helping our students enough. Usually it is not what you do not 
know which makes learning physics a difficult task, it is what you do know which 
makes learning physics a difficult task. But as in the case of many topics in Physics, 
some unlearning must first be done before doing the learning. So if students have 
wrong preconceptions, the teacher needs to be aware of these preconceived ideas, to 
consider alternative conceptions, evaluate the reasonableness and logic of the 
competing ideas.  
 The various examples indicated in the lessons above leave much to be desired. 
Many of our students find it difficult to understand certain concepts due to the 
traditional lecture method that we use in our teaching, as well as formulae-based 
questions that we normally require our students to answer correctly for us to conclude 
that our students are now knowledgeable in the subject. Students would pass through 
the educational ladder successfully but will still find problems with the conceptual 
understanding in physics. It is high time teachers at all levels of the educational ladder 
gave conceptual and reasoning questions which would encourage students to come 
out with their views on them. In doing so, the teacher becomes aware of the students’ 
preconceived ideas and guides them to acquire scientifically accepted concepts. It will 
serve as a motivation on the part of the students if they can apply their knowledge on 
concepts learned to explain simple questions they encounter in their environments. In 
this way they would begin to appreciate physics.  
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Some Conceptual Probing Questions in Introductory Mechanics 
1. A car moved at a constant velocity of 80 km/h for 2 hours. What is the 

acceleration in km/h of the car? 
a. 40km/h2 
b. 72 km/h2 
c. 60 km/h2 
d. 0 km/h2 

 
2. Little Johnny stands at the bottom of the driveway and kicks a soccer ball. The 

ball rolls northward up the driveway and then rolls back to Johnny. Which one 
of the following velocity-time graphs (A, B, C, or D) most accurately portrays 
the motion of the ball as it rolls up the driveway and back down? 

 

 
 

 
3. What is the area under acceleration-time graph? 

a. Displacement 
b. Change in velocity 
c. Velocity 
d. None of the above 

 
4. Sailing is fun, especially on a windy day. Consider the top views of the two 

boats below, one sailing with the wind, and the other across the wind. Which 
can sail faster than wind speed? 

 

 
 

a. The boat sailing across the wind. 
b. The boat sailing with the wind. 
c. All the boats cannot sail faster than the wind. 
d. None of the above. 

 
5. What would be the direction of a plane moving in the eastern direction 

through a wind’s current of northern direction? 
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a. Northward 
b. North-east 
c. Eastward 
d. None of the above 

 
6. Suppose a rescue airplane drops a relief package while it is moving with a 

constant horizontal speed at an elevated height. Assuming that air resistance is 
negligible, where will the relief package land relative to the plane? 

 

 
 

a. below the plane and behind it.  
b. directly below the plane 
c. below the plane and ahead of it 
d. none of the above 

 
7. A man holding an orange is sitting in a car which is moving at a constant speed of 

100 km/h. In which direction has the man has to throw the orange so that it comes 
back to the man again (where it was thrown). 

a. backward 
b. forward 
c. upward 
d. downward 

 
8. While driving down the road, a firefly strikes the windshield of a bus and makes a 

quite obvious mess in front of the face of the driver. Which of the two forces is 
greater? The force on the… 

a. the firefly 
b. the bus 
c. the firefly is equal to the force on the bus  
d. none of the above 

 
9. In the diagram below. A physics teacher walks around a large rectangular block 4 

m south, 8 m east, 4 m north, and finally 4 m west. What is the (1) total distance 
covered by the teacher from A to C, (ii) displacement of the teacher from A to C?  
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a. (i) 12.0 m (ii) 1
b. (i) 12.0 m (ii) 8
c. (i) 8.94 m (ii) 8
d. (i)12.0 m (ii) 4

 
10. Which of the following

a. A teacher appli
b. A book falls of
c. A man is holdi

through a dista
d. None of the ab

 
11. Which of the following

a. centrifugal 
b. centripetal 
c. weight 
d. friction 

 
12. Why is it that a sa

gravitational force of a
a. Because it is to
b. Because it is re
c. Because it mov
d. Because of the 

 
13. “Weightlessness” mea

a. when an object
b. when an object
c. when an object
d. is simply a se

external object
 
14. What happens to an ob

I. It remains s

 
 

12.0 m 
8.94 m 
8.94 m 
.00 m 

g represents a situation where work is not don
ies a force to a box for it to move and become
ff a table and free falls to the ground. 
ing a bucket full of water vertically and movi
ance. 
ove 

g could be considered as a fictitious (not real)

atellite does not fall on the earth surface
attraction acts on it? 
oo heavy. 
esisting the gravitational force acting on it. 
ves very fast. 
spherical nature of the earth. 

ans... 
t has zero newton weight. 
t is in a state of equilibrium. 
t has zero mass. 
ensation experienced by an individual whe
s touching one's body and exerting a push or 

bject when equal forces act on it? 
stationary. 
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ne? 
es exhausted. 

ing horizontally 

) force? 

e, even though 

en there are no 
pull upon it. 
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II. It accelerates. 
III. It moves with a constant speed 

 
a. I only 
b. I and II 
c. I, II and III 
d. I and III 

 
 
15. Which of the following statements is true of a free-falling object? An object in a 

state of free fall;  
a. falls with a constant speed of (-10 m/s). 
b. falls under the sole influence of gravity and air resistance. 
c. falls with downward velocity which has a constant magnitude.  
d. falls under the sole influence of gravity. 

 
16. A boat heads straight across a river. The river flows north at a speed of 3 m/s. If 

the river current was greater, then the time required for the boat to reach the 
opposite shore would not change. The above statement is... 

a. true  
b. false 
c. undefined 
d. none of the above 

 
17.  A stone is thrown vertically upwards, and it came back downwards to where it 

was thrown. Sketch a velocity-time graph of the upward and downward 
movement of the stone. 

 

 
 

 
18. The group of physics teachers are taking some time off for a golf. The Golf 

Course has a large metal rim which putters must use to guide their ball towards 
the hole. Mr. Boakye guides a golf ball around the metal rim. When the ball leaves 
the rim, which path (1, 2, or 3) will the golf ball follow? 
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` 
 

a. 1 
b. 2 
c. 3 
d. none of the above 

 
19. A zookeeper devises a rubber-band gun to shoot food to a monkey who is too shy 

to come down from the trees. If the monkey lets go of the branch and start to come 
down at the instant the zookeeper shoots the food, where should the zookeeper 
aim at for the monkey to get the food in the midair? 

 

 
 

a. Above the monkey to get food to the monkey in midair. 
b. Below the monkey to get food to the monkey in midair. 
c. At the monkey to get food to the monkey in midair. 
d. None of the above. 

 
20. Which of the following controllers in a car can cause it to accelerate? 

I. brake  
II. steer 

III. accelerator 
IV. gear 
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a. I, and III 
b. I, ,II, and III 
c. I, III, and IV 
d. I, II, III, and IV 

 
21. A ball (X) is released from a height; at the same time another ball (Y) is shot 

horizontally from the same height. Which of the two balls get to the ground first? 
(Neglect air resistance). 

a. X gets to the ground before Y. 
b. Y gets to the ground before X 
c. X and Y get to the ground at the same time. 
d. None of the above. 

 
22.  Two physics students, Tony and Charles, are in the weightlifting room. Tony lifts 

the 150-kg barbell over his head 10 times in one minute; Charles lifts the 150-kg 
barbell over his head 10 times in 10 seconds. Which student does the most work? 
______________ Which student delivers the most power? ______________ 
Explain your answers. 

a. Charles does the most work; Charles delivers the most power. 
b. Tony does the most work; Tony delivers the most power. 
c. Tony does the most work; Charles delivers the most power. 
d. They all do the same work; Tony delivers the most power. 

 
 Use the following diagram to answer questions 23-25. Neglect the affect of 
resistance forces. 

 

 
 

 
23. As the object moves from point A to point D across the surface, the sum of its 

gravitational potential and kinetic energies ____.  
a. decreases, only  
b. decreases and then increases  
c. increases and then decreases  
d. remains the same 

 
24. The object will have a minimum gravitational potential energy at point ____. 

a. A  
b. B  
c. C 
d. E 
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25. The object's kinetic energy at point C is less than its kinetic energy at point ____. 
a. A only 
b. A, D, and E 
c. B only 
d. D and E 

 
26. Why is it that an ice skater starts to spin faster and faster as she draws her limbs 

closer to her body than with her arms and legs far out from her body.  
 

 
 
 

a. By drawing her limbs close to her body she decreased her average radius, 
which decreased her moment of inertia, which produced an increase in her 
angular speed.  

b. By drawing her limbs close to her body she decreased her mass, which 
decreased her weight, which produced an increase in her angular speed. 

c. By drawing her limbs close to her body she increased her average radius, 
which increased her moment of inertia, which produced an increase in her 
angular speed. 

d. None of the above. 
 
27. A large truck and a Volkswagen have a head-on collision. Which vehicle 

experiences the greatest impulse? …………… Which vehicle experiences the 
greatest momentum change?............ 

a. The large truck experiences the greatest impulse and the greatest 
momentum change. 

b. The large truck experiences the greatest impulse and the Volkswagen 
experiences the greatest momentum change. 

c. The large Volkswagen experiences the greatest impulse and the large truck 
experiences the greatest momentum change. 

d. They both experience the same impulse and the same momentum change. 
 



Students’ Understanding of Some Concepts 79 
 

 

28. When a tether ball wraps around a pole, what happens to the speed of the ball? It 
…. 

 

 
 
 

a. increases.  
b. decreases.  
c. remains unchanged. 
d. none of the above. 

 
29. An object is accelerating while moving at constant speed. Is this possible? 

Explain. 
a. No it isn’t, because an object moving at constant speed cannot accelerate. 
b. Yes it is, because such an object will be moving round a circle at constant 

speed, while the direction will be changing to cause a change in velocity. 
c. No it isn’t, because there is no change in speed to cause acceleration. 
d. None of the above. 

 
30. The graph below indicates the velocity-time movements of 5 persons (A,B, C, D 

and E). Which person(s) changes direction during the time of motion?  
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a. A only 
b. A and B only 
c. A and D 
d. C only 

 
Note: Teachers who want to know the correct answers so as to apply them in their 
teaching should  write to vicantwi@yahoo.co.uk 


