
ACTIVITY 3 (30-40 minutes)

STUDENTS’ ALTERNATIVE CONCEPTIONS IN PHYSICS

Research exploring students’ understanding of physics concepts has shown that students commonly hold conceptions that are at odds with the scientific understanding that is the target of teaching, and that these alternative conceptions (also called misconceptions) tend to persist strongly even after students have been taught the accepted scientific view. This research leads to a view of learning as ‘conceptual development’ or ‘conceptual change’, rather than as the simple accumulation of knowledge, and suggests that conceptual change makes considerable intellectual and emotional demands of students.

When planning for meaningful learning in any physics topic, teachers often consider a number of questions relating to the alternative views commonly held by students.

· What alternative conceptions related to this topic are commonly held by students?

· How can the research into how students learn and how alternative views are formed inform classroom practice?

· Which specific teaching strategies may be helpful in modifying students’ alternative views so that intended learning outcomes are translated into actual learning outcomes?

[possible strategies include: use of cognitive conflict and discrepant events (for example POEs); helping students become aware of their prior understandings and explicitly comparing these with the scientifically accepted view; using strategies to help students make links between ideas that may otherwise be viewed as disconnected (for example concept mapping); comparison and evaluation of strengths and limitations of analogies and models in explaining scientific concepts.]

· What intellectual demands are involved for students in developing or changing their existing conceptions?

· How can the intended learning outcomes be assessed in ways that support conceptual change?

In this activity, you will work in groups to consider one area of VCE Physics in terms of:

· alternative views commonly held by students;

· the challenges involved in changing students’ views

·  considering how the new VCE Physics study design assists in addressing student alternative views; and

· developing teaching strategies that address students’ alternative views.

At the end of group discussion, a summary will be presented to others in the workshop.

For resources on identifying and overcoming students’ misconceptions refer to the website at Monash University ‘Conceptual Understanding Procedures for Physics’ at

http://www.education.monash.edu/research/groups/smte/projects/cups/
ACTIVITY 3A

STUDENT ALTERNATIVE VIEWS IN PHYSICS: MOTION in one and two dimensions
Questions for discussion

On pages 3-5 below are some questions for the area of study ‘Motion in one and two dimensions’ from the June physics examination for 2007.  Comments from the assessment report relating to these questions are also shown, with statistics showing the marks students obtained on each group of questions (the breakdown for individual questions is not available).

1. From the information in the assessment reports, which questions appear to have caused students the most difficulty?

2. If you consider the questions on these pages together, can you identify a single conceptual difficulty which seems to underlie many of the problems the students have with the questions? Is this a difficulty you have encountered among your students>

3. What are the key knowledge and key skills in the Physics study design that need to be addressed to clarify these conceptual difficulties?

4. What strategies do you as a teacher call on to help your students make sense of the conceptual difficulty you have identified?

VCE Physics Written Examination 1:
June 2007

Area of study 1 – Motion in one and two dimensions

Fred is riding his bike on a level road at a speed of 5.0 m s–1. The tail-light breaks off. It takes 0.45 s to reach the ground.

Question 1

How far above the ground was the tail-light when it was attached?

2 marks

Mary was watching Fred and saw the tail-light fall. Her view of the events is shown in Figure 1 below. Fred

was at position A when the tail-light broke off, and at position B when it hit the ground.

Question 2

On Figure 1 sketch the path of the tail-light as seen by Mary, and indicate the final position of the tail-light.

2 marks


Assessment report

Area of Study 1 – Motion in one and two dimensions 

Questions 1–2

[image: image1.wmf]
Question 1 

Applying a constant acceleration equation to the vertical motion gave a height of 1.0 m. 

A number of students assumed the initial vertical velocity was 5 m s–1.

Question 2 

[image: image2.wmf]The tail-light followed a parabolic path from position A, landing below the seat at position B. Some students had the parabola going backwards from position A. It is unclear from what frame of reference they were observing. Others had the light landing about halfway between positions A and B. They missed the essential point that, with the bike moving at a constant speed, the light would land directly under the position from which it fell.

VCE Physics Written Examination 1:
June 2007

Area of study 1 – Motion in one and two dimensions

Daniel and John are playing paintball. Daniel fires a ‘paintball’ at an angle of 25° to the horizontal and a speed

of 40.0 m s–1. The paintball hits John, who is 127 m away. The height at which the ball hits John and the height

from which the ball was fired are the same. The situation is shown in Figure 4.

[image: image3.png]



The acceleration due to gravity should be taken as 10 m s–2, and air resistance should be ignored.

Question 14

What is the time of flight of the paintball?

2 marks

Question 15

What is the value of h, the maximum height above the firing level?

3 marks




Assessment report

Area of Study 1 – Motion in one and two dimensions 

Questions 14–15 

[image: image4.png]Marks

10

Average
33





Question 14 
The simplest approach was to divide the required horizontal distance of 127 m by the horizontal component of the speed (40cos25°) to obtain 3.5 s. 

The answer could also be found by using the vertical motion. Some students did not use the appropriate components of the velocity, instead using 40 m s–1. Others were confused about which was the vertical component and which was the horizontal.

Question 15 

Applying one of the constant acceleration formulae to the vertical motion gave a height of 14.3 m. 

The answer here varied depending on the particular approach used and whether the student used 9.8 or 10 for the gravitational field strength. Using derived equations such as range often caused confusion.

VCE Physics Written Examination 1:
June 2007

Area of study 1 – Motion in one and two dimensions

Question 16

Which of the following diagrams (A–D) below gives the direction of the force acting on the paintball at points X and Y respectively?
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2 marks

Later in the game, Daniel is twice as far away from John (254 m). John fires an identical paintball from the same

height above the ground as before. The ball hits Daniel at the same height as before. In both cases the paintball

reaches the same maximum height (h) above the ground.

Question 17

Which one or more of the following is the same in both cases?

A. flight time

B. initial speed

C. acceleration

D. angle of firing

2 marks


Assessment report

Area of Study 1 – Motion in one and two dimensions 

Questions 16–17 
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Question 16 

The gravitational force always acts down, so the answer was D. 

Question 17 

A and C

The acceleration (a = 10 m s–2) was the same and, since the height reached was the same, the time of flight must have been the same also. So the answer was A and C. While it was common for students to select C, far fewer realised that A was also correct.

ACTIVITY 3B

STUDENT ALTERNATIVE VIEWS IN PHYSICS: FORCES

Questions for discussion

On pages 7-9 below are some questions for the area of study ‘Motion in one a two dimensions’ from the June physics examination for 2002 and 2004.  Comments from the assessment reports relating to these questions are also shown, with statistics showing that the average mark for each of these questions was very low.

1. What would you consider is the fundamental conceptual difficulty students have in answering questions such as these?

2. Newton’s 3rd law is key to understanding how friction can provide a driving force in the situations described in these questions.  A common misconception is that the force of the wheel backwards on the ground balances the force of the ground forwards on the wheel, a misconception that makes it appear that there cannot be a net forwards force to make the bicycle or car start to move.  How do you help students address this misconception?

3. One significant change in the revised study design is the inclusion in the key knowledge for Motion in Unit 2 of the following dot point:

· model forces as vectors acting at the point of application (with magnitude and direction), labeling these forces using the convention ‘force of … on … ‘

How might this way of describing forces help students develop a clearer understanding of friction?

VCE Physics Written Examination 2:
June 2002

Area of study 1 – Motion 

Figure 5 shows a cyclist with the bicycle wheels in contact with the road surface. The cyclist is about to start accelerating forwards.
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Question 14

Explain, with the aid of a clear force diagram, how the rotation of the wheels results in the cyclist accelerating forwards.

3 marks


Assessment report

Area of Study 1 – Motion

Question 14

	Mark
	0
	1
	2
	3
	Average

	%
	42
	23
	20
	15
	1.07


The cyclist pushes against the pedals that results in the chain rotating the rear wheel in a clockwise direction. Hence, the rear wheel tends to rotate backwards relative to the ground and as a result of friction will push backwards against the ground. According to Newton.s Third Law the ground pushes in the opposite direction (forwards) on the tyre and this results in a net force forwards on the bicycle to accelerate it forwards.

Students needed to address the following key points:

· the rear wheel rotates in a clockwise direction

· friction between the tyre and road surfaces results in the tyre pushing

· backwards against the road surface

· the road surface exerts an equal and opposite force, that is forwards,

· on the tyre

· there is a net force forwards on the bicycle and so it accelerates

· forwards

A force diagram was required, clearly showing a frictional force acting forwards on the rear tyre surface in contact with the road.

This proved to be a demanding question and that the role of friction as a driving force is not well understood. The force diagram was poorly done. Often students showed friction acting both forwards and backwards and it was certainly clear that the concept of a free-body force diagram was not at all well understood, e.g. .when the rider presses on the petals (sic) he causes a chain reaction.

VCE Physics Written Examination 2:
June 2004

Area of study 1 – Motion 

Two students are discussing the forces on the tyres of a car. Both agree that there must be a friction force acting on the tyres of a car. The first student claims that the friction force acts to oppose the motion of the car and slow it down, for example, when braking. The second student claims that friction acts in the direction of motion as a driving force to speed the car up when accelerating.

Question 8

On the diagram of the front-wheel drive car in Figure 3 clearly show all the forces acting on the tyres of the car when it is accelerating forwards in a straight line. Use arrows for the force vectors to show both the magnitude and point of action of the different forces.
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3 marks


Assessment report

Area of Study 1 – Motion

Question 8

	Mark
	0
	1
	2
	3
	Average

	%
	41
	32
	10
	17
	1.1


For the car to accelerate forward there must be a net force acting on the car in this direction. This net force can only come from the frictional contact between the tyres and the road. Hence, students needed to sketch a frictional force acting forwards on the front tyre at the surface of the road. For friction to act there needs to be a normal contact force acting on the tyre, and this needed to be sketched acting in the upwards direction.

The average score for Question 8 indicates that the concept of friction as a driving force was poorly understood. While many students were aware that there had to be a net force acting forwards to accelerate the car, the origin and point of application of this force was rarely correctly sketched. In fact, many students still sketched the road–tyre friction force acting backwards so as to oppose the motion of the car. It was also disappointing to note the number of sketches that did not show the correct point of application of the weight, normal or frictional forces. It is quite apparent that VCE Physics students need more practice in drawing free-body force diagrams.

VCE Physics Written Examination 2:
June 2004

Area of study 1 – Motion

Question 9

On the diagram of the same car in Figure 4 clearly show all the forces acting on the tyres of the car when it is braking in a straight line. Use arrows for the force vectors to show both the magnitude and point of action of the different forces.

[image: image9.wmf]
2 marks




Assessment report

Area of Study 1 – Motion

Question 9

	Mark
	0
	1
	2
	Average

	%
	40
	37
	23
	0.9


In order for the car to brake there must be a net force acting in the opposite direction to the motion. Again, this arises due to friction between the tyre and the road surface. However, this time the friction forces needed to be sketched acting in the direction opposite to the motion (at the interface between both tyres and the road surface). Normal contact forces, acting upwards on both tyres, also needed to be included in the sketch.

The average score for this question again indicates that students found this nearly as difficult as the previous question and that friction as a braking force was not thoroughly understood.

ACTIVITY 3C

STUDENT ALTERNATIVE VIEWS IN PHYSICS: ELECTRONICS

Questions for discussion

On pages 11-13 are some questions for the area of study ‘Electronics and Photonics’ from the June physics examination for 2006, and questions for the area of study Electronics (relevant to the revised Study Design) from the June physics examination for 2004 and 2002.  The selected questions concern voltage dividers.  Comments from the assessment reports relating to these questions are also shown, with statistics showing the marks students obtained on each group of questions. (The breakdown for individual questions is not available; some questions have been struck out because they are not relevant to the discussion, but they are included in the statistics.).

1. These questions demonstrate that students have trouble with a number of circuit concepts.

b) What difficulties do you think are apparent in the comments from the assessment reports?

c) Of these difficulties, which ones have you encountered among your students?

2. How does the new Physics study design help in guiding teaching of these concepts?
3. The assessment report includes the following comment on question 6 in the 2007 paper:
There was a disturbing tendency for students to write about voltage ‘flowing’.
This comment highlights a well documented difficulty for students, of discriminating between the concepts of current and potential difference.

a) How do you use and define the terms ‘voltage’ and ‘potential difference’ with your students?

b) How do you help students discriminate in their understanding between the concepts of current and potential difference?

c) What other strategies do you as a teacher call on to help your students make sense of these important terms?

d) The difficulty with discriminating between the concepts of current and potential difference probably underlies at least some of the other problems students had in answering the questions in this area of study.  Looking at the difficulties you identified in #1 above, which ones do you think could be related to this underlying conceptual difficulty?

VCE Physics Written Examination 1:
June 2007

Area of study 2 – Electronics and photonics

The current-voltage characteristic of a light emitting diode (LED) is shown in Figure 4.
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[image: image11.wmf]
Using this LED, students set up the circuit shown in Figure 5.

Question 5

The current measured by the ammeter is 10 mA. What is the value of the resistor, R?

3 marks

The LED is now reversed.

Question 6

What is the voltage across the diode now?

Explain your answer.

3 marks

A light dependent resistor (LDR) has the characteristics shown in Figure 6.

In a measurement of the light intensity in a classroom, a student measures the resistance of the LDR to be 3000 ohm.

Question 7

What is the intensity of the light falling on the LDR?

[image: image12.png]



2 marks 

Questions 5–7

[image: image13.wmf]
Question 5 

A current of 10 mA means a voltage drop of 1 V across the LED. This leaves 5 volt across the resistor. Using Ohm’s law gave a resistance of 500 Ω. Many students assumed the voltage drop across the LED would be 1.6 V or 0.7 V. 

Question 6 

Reversing the LED would result in no current flow, which would mean no voltage drop across the resistor and therefore 6 V across the LED. 

Many students realised that there would be zero current, then deduced that there would be zero volts across the LED. There was a disturbing tendency for students to write about voltage ‘flowing’.

Question 7 

10 lux 

This answer could be read from the graph.

VCE Physics Written Examination 1:
June 2004

Area of study 3 – Electronic systems

You are a VCE student studying how a light emitting diode (LED) works. The basis of your LED circuit will be a voltage divider. Your starting point, following advice from your teacher, is to wire the DC voltage divider circuit shown in Figure 1, where VIN = 30 V.

[image: image14.wmf]
…

You modify your original voltage divider circuit (Figure 1) to produce the LED circuit shown in Figure 6a. The LED current-voltage characteristics are also provided (Figure 6b). You observe that the light output increases as the forward current, IF , through the LED increases, and adjust the resistance, RD, so that the forward current through the LED is IF = 10 mA. 
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Question 7
Using the information in Figures 6a and 6b, what is the value of the resistance, RD, that will ensure the forward current is IF = 10 mA? Express your answer in Ω.

2 marks
Question 8
Explain what will happen to the LED light-output if the value of RD is slightly lower than the value you have calculated in Question 7.

2 marks
Assessment report

Area of Study 3 – Electronic systems

Question 7-8

[image: image16.wmf]
Question 7

The LED is a non-ohmic device. The characteristic curve (figure 6b) shows that for a current of 10 mA the voltage across the LED will be 1.5 V. Hence, the voltage across RD will be 8.5 V. Applying Ohm’s law to RD gives RD = V/I = 8.5/10 x 10-3 = 850 Ω.

This question also proved to be difficult for many students. Many students correctly read the graph to obtain the voltage across the LED as 1.5 V, but then used this value of 1.5 V rather than 8.5 V for the rest of the calculation. Failure to convert mA to A was another problem with this question.

Question 8

If the value of RD is slightly lower then the current in the circuit will be slightly higher, but the voltage across the LED remains at 1.5 V. With increased current the light output through the LED increases.

This also proved to be quite a difficult question even though the majority of students appeared to understand that the current through the LED would increase. Many students felt that because the current increased then the LED would ‘burn out’ or ‘blow’. Many others understood that even though the current increased the voltage across the LED remained unchanged, but then incorrectly interpreted this as though the brightness would remain unchanged. It remains very clear that many students do not understand non-ohmic devices!
 VCE Physics Written Examination 1:
June 2002

Area of study 3 – Electronic systems

The current-voltage (I-V) characteristic curve of a nonlinear device is shown in Figure 5a. This device is connected in series with a 100-W resistor and placed across a 5.0 V DC power supply as in Figure 5b. The voltage across the 100-W resistor is 2.0 V.
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Question 9

On the I-V characteristics, Figure 5a, indicate the point on the curve that identifies the voltage across, and current through, the nonlinear device.

Question 10

In 10 seconds, how much electrical energy is converted to heat energy in the 100-W resistor?

2 marks

Question 11

If the 100-W resistor is replaced by a 200-W resistor, what now is the voltage across the nonlinear device?

2 marks


Assessment report

Area of Study 3 – Electronic systems

Questions 9-11

	Mark
	0
	1
	2
	3
	4
	5

	%
	52
	10
	18
	11
	4
	5


Question 9

The voltage across the 100-Ω resistor is 2.0 V. Application of Ohm’s law (V = IR) results in a current of 0.02 A (20 mA) in the resistor and hence the nonlinear device. This question was not answered well. Students find nonlinear devices difficult but this was not helped in this question by a number of students failing to indicate the point on the graph at all. Careful reading of questions is strongly recommended. The bend on the curve of the graph was frequently chosen, probably because this was interpreted as the start of the ‘nonlinear region’.

Question 10

The power dissipated in the 100-Ω resistor is P = VI = 2 x 0.02 = 0.04 J s-1. Hence, in 10 s there will be 10 x 0.04 = 0.4 J (400 mJ) of electrical energy converted to heat energy. Students experienced some difficulty with this question and many were unable to convert the unit of J into mJ correctly.

Question 11

The nonlinear device is limited to a maximum of 3.0 V across it. The voltage across the 200-Ω resistor will remain as 2.0 V. With 2.0 V across the 200-Ω resistor the circuit current will be 2.0/200 = 0.01 A (10 mA) that still results in a voltage across the nonlinear device of 3.0 V. Students found this question very difficult. Many incorrectly treated the nonlinear device as a fixed-value resistance.










1

