Acceleration
Materials

· Protractor

· Length of string

· Metal washer

Connection to Curriculum
As this LEP model lesson serves as an introduction to the concept of acceleration, the lesson connects predominantly to specific learning outcomes (SLOs) in the Grade 10 Science curriculum, in Cluster 3: In Motion.

In particular, the following SLO is relevant:

S2-3-03: Analyze the relationships among velocity, time, and acceleration for an object that is accelerating at a constant rate.

Alternative Conceptions

Researchers have identified several common alternative conceptions that students hold about the concept of acceleration. Students who are new to the topic typically know more about speed and velocity, and therefore there is often confusion about the relationship between speed and acceleration.

The following are some common alternative conceptions about acceleration:

1. Acceleration is the same as speed.

2. Acceleration always occurs in the same direction as motion.

3. If an object has a velocity of zero, it has no acceleration.

4. A larger velocity means a larger acceleration. A smaller velocity means a smaller acceleration.

These are the misconceptions that we hope to address in our lesson. Other difficulties exist in the understanding of the relationship between force, mass, and acceleration, but those fall outside the main focus of our lesson.

Instructional Sequence
Students, although they may not know it, experience acceleration every day. Riding in cars or on bicycles, walking, and countless other types of motion are ways that they encounter acceleration. The purpose of this lesson then is to help students recognize acceleration and understand the relationship between velocity, acceleration and time.

A lesson according to the LEP model must engage students on the logical-theoretical, experiential, and psychological planes. In our lesson we have chosen to proceed beginning with the experiential plane, then moving to the psychological and logical-theoretical planes.

Our learning activity at the experiential plane involves students experimenting with an extremely primitive accelerometer. Accelerometers exist in various types, but their purpose is generally the same: to measure the acceleration of a body in a particular direction. Students will be building their own accelerometers, which will require some preparation.

1. Acquire the materials. The teacher will require enough protractors, string and metal washers for each student. (Instead of protractors, any hard surface with a small hole, like a hole-punched index card, could be used.)

2. It would be a good idea to cut lengths of string, about 30cm, ahead of time. 

3. (optional) Depending on time, the teacher may choose to put together the accelerometers for each student, but this is not necessary.

To begin:

Students should already be familiar with the ideas of speed and velocity, although the latter concept may be new to them. It would be helpful to review these terms, and have the students identify the difference between speed and velocity. Understanding that velocity has direction is critical to learning about acceleration.

After this review, the teacher will tell the class that they will each be building their own accelerometers, a mechanical device that measures acceleration. Materials should be distributed and the students instructed to tie one end of their string to the washer, and the other end through the hole of the protractor, or index card (as shown).
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Fig 1. The direction of acceleration in this instance is to the left, in the opposite direction that the weight is swinging.

Experiential

The activity at this level is very student-centred. Students will be investigating acceleration before gaining any theoretical understanding of the subject.

Students should be told the following about their accelerometers:

1. The weight on the string will swing in the opposite direction of acceleration; and

2. The bigger the swing (or the larger the angle from vertical or 90 degrees on the protractor), the greater the acceleration experienced.

Next, students should be given 10 minutes to study the effects of different kinds of motion with their accelerometers. Somewhere where there is space, perhaps outdoors or in the hallways, students holding their accelerometers should walk or run, examining what happens to the weight when:

1. They are standing still.

2. They start walking or running from a standing position.

3. The come to an abrupt stop.

4. They take a sharp turn while walking or running.

Students may also be challenged to see if they can make the weight hang straight down while moving.

Psychological
After the students have been given time to experiment with their accelerometers they will be given a few minutes to write down what they observed. After they have had time for personal reflection they will get together with a group of 4-5 students and discuss these observations.

Next, as an entire class activity, the students will be asked to draw graphs that represent velocity, time for a particular kind of acceleration. The first three situations that will be graphed will be straight line acceleration. We will discuss acceleration during a change of direction later.

Ask the students to consider what they had to do in order to get the washer on their accelerometer to trail behind them. The students should have realized that the washer trailed behind them when they increased their velocity. If the students disagree or do not arrive at that answer then demonstrate positive acceleration by holding the accelerometer and walking across the front of the room with increasing velocity. Ask the students how they would draw a graph of the relationship between time and velocity in this situation. The students should arrive at the following representation:
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Next, ask the students to consider what they had to do in order to get the washer on their accelerometer to swing in front of them. The students should have realized that the washer swung in front of them when they decreased their velocity. If the students disagree or do not arrive at that answer then demonstrate negative acceleration by holding the accelerometer and walking across the front of the room with decreasing velocity. Ask the students how they would draw a graph of the relationship between time and velocity in this situation. The students should arrive at the following representation:
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Next, ask the students to consider what they had to do in order to get the washer on their accelerometer to hang straight down. The students should have realized that the washer hung straight down when they maintained their velocity. If the students disagree or do not arrive at that answer then demonstrate zero acceleration by holding the accelerometer and walking across the front of the room with a constant velocity. Demonstrate this at a slow pace and at a faster pace to show the students that as long as velocity remains constant there is no acceleration. Ask the students how they would draw a graph of the relationship between time and velocity in this situation. The students should arrive at the following representation:
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Point out to the students that in the first two situations they had noticed acceleration was occurring because the weight either swung out behind them or in front of them. However, in the third situation acceleration was not occurring because the weight hung straight down. Based on those observations, ask the students to explain when acceleration occurs. With the help of the graphs, the students should be able to recognize that acceleration occurs when velocity changes.

Next consider the situation where the students turned while maintaining the same speed. Ask the students what happened with the weight. The students should have noticed that the weight swung out to the side. If the students disagree or do not arrive at that answer then demonstrate acceleration by walking at a constant pace while changing direction. The students may be confused about why the weight would move because they may hold the alternative conception that speed and velocity are the same thing. Remind the students again that velocity does not just have a speed component but it has a direction as well. Therefore, velocity changes when the direction changes. Now remind the students about their previous conclusion; acceleration occurs when velocity changes. The students should now realize that when they were turning they were changing their velocity. Therefore, based on their definition, acceleration was occurring. 

Logical-Theoretical

Since this lesson on acceleration is being presented to a Grade 10 Science class, all of the students should be familiar with the concept of slope from their Grade 9 Mathematics course.

Bring the students attention back to the graphs and ask them to describe the slope of each of the three graphs. The students should be able to point out that the first graph had a positive slope, the second graph had a negative slope and the third graph had no slope. Write the words positive slope under the first graph, negative slope under the second graph and no slope under the third graph. Then point out to the students that positive acceleration was occurring in the first graph, negative acceleration was occurring in the second graph, and no acceleration was occurring in the third graph. Write the words positive acceleration under the first graph, negative acceleration under the second graph and no acceleration under the third graph. Ask the students if they see a relationship between slope and acceleration. The students should quickly be able to point out that the slope represents acceleration. Once the students have arrived at this conclusion remind them of the mathematical definition of slope: 

Slope =   ∆y/∆x

Now ask the students to give a mathematical expression for acceleration. Drawing on their prior knowledge of slope and their recognition that slope represents acceleration the students should say that acceleration is equal to the change in velocity divided by the change in time.


Acceleration = ∆v/∆t

Once the students have arrived at an equation for acceleration they are ready to calculate acceleration from sets of data. Give the students the following data tables and ask them to plot the points on a graph, draw a line connecting the points, and calculate the acceleration.

	Time (s)
	Velocity (m/s)

	0
	0

	1
	5

	3
	15

	4
	20


	Time (s)
	Velocity (m/s)

	0
	27

	2
	21

	5
	12

	7
	6
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