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TARGET AUDIENCE:      Secondary School teachers 
DURATION:      1 hours 
MAXIMUM NUMBER OF PARTICIPANTS: 30 
 
MOTIVATION FOR THIS WORKSHOP: 
Historically, mathematicians and scientists noticed relationships between finding 
average rates of change and approximating the area under a rate graph. These 
relationships form the basis for linking different areas of calculus. In this workshop, 
we will investigate how to represent change in distance in different ways on distance-
time graphs and on speed-time graphs. A change in distance can be found by 
multiplying (speed × Δtime), by using area, or by subtracting two distances. Also 
explore in what ways area calculations use opposite processes to average rate of 
change calculations. In other words, we will look at: 
How can these concepts be shown graphically? 
o ∆distance ≈ instantaneous speed × ∆t 
o ∆distance  ≈ rectangle area 
o ∆distance = f(b) – f(a) 
In what way is an area calculation the “opposite” of finding speed? 
DESCRIPTION OF CONTENT OF WORKSHOP: 

Section Content Timeframe 
1 Explanation of the link between the rates of 

change of a distance/time graph and the area 
under the graph of the speed/time graph 

15 mins 

2 Task 1 15 mins 
3 Task 2 15 mins 
4 Discussion and conclusion 15 mins 

 
  



 
 

1 The activities and worksheets to be used in the workshop 
 

 
 
ACTIVITY 1: WORK WITH RATE GRAPHS  

• How can these concepts be shown graphically? 
o ∆distance ≈ instantaneous speed × ∆t 
o ∆distance  ≈ rectangle area 
o ∆distance = f(b) – f(a) 

• In what way is an area calculation the “opposite” of finding speed? 

 
You will now work with distance-time and speed-time graphs to help you answer the 
questions below. 

• How is distance measured on a distance-time graph and on a speed-time graph? 

• In what way is an area calculation the “opposite” of calculating speed? 
 
Below are two graphs that show the behaviour of a falling stone. Fig 1 shows the 
distance ( )(tf ) that the stone falls, and Fig 2 shows the instantaneous speed ( )(tv ) of 
the stone at different times.   
 
  



 
 

  
 
 
 
 
 
 
 
 
 
 
 

Fig 1: Distance-time graph: (f(t) = 4,9t2) 
  
  
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 2: Speed-time graph 
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This question will help you to understand the graphs in Figures 1 and 2. 
a) Both graphs start at the origin. What two facts does this tell us about the 

stone? 
b) Explain what each graph tells us about the stone one second after it is 

dropped. 
c) Explain clearly how each graph shows that the stone is falling faster and 

faster. 
d) Look at points C and C' on the given graphs. 

i) Write down the coordinates of both points. 
ii) What does the point C tell us about the stone? 
iii) What does the point C' tell us about the stone? 

 
ACTIVITY 2: WORK WITH RATE/AREA GRAPHS  
 

In this question, you will see how the two graphs show the same information in 
different ways. 

a) Look at points C and C' on the given graphs. 
i) Show this information at point C on the distance-time graph: 05,0=∆t , 

23725,1)5,2(9,4)55,2(9,4 22 =−=∆f , and average speed = 745,2405,024,1 =÷ .   

ii) Show this information at point C' on the speed-time graph: 5,24)5,2( =v , 
and 
rectangle area = 24,5×0,05=1,225. 

iii) Give the unit of each value in i) and ii). 
iv) Some values in i) and ii) are exactly the same, while other values are only 

approximately the same. Explain why this is so.  
b) Plot the point B(2; v(2)). 

i) Shade an area that represents the product tv ∆).2(  if 1,0=∆t , and calculate 
this area. 

ii) What are the units of the product in ii)? 
iii) What does your answer in ii) tell you about the stone? 
iv) Show this same information on the graph in Figure 1, and use the 

function  f (t) to calculate the value in i).  
v) Which gives a more accurate answer: the work in i) or in iv)? Why? 



 
 

c) i) On the graph in Fig 1, draw in a triangle to show )9,2()1,3( ffy −=∆ , and 
calculate this difference. 

ii) What are the units of the length in i)? What does this length represent? 
ii) On the graph in Fig 2, shade an area that represents your answer in i).  

How does the value of this area compare to your answer in i)? Explain. 
iii) Use your triangle in i) to approximate the instantaneous speed of the 

stone after 3 seconds. 
iv) Explain how your answer in iv) can be found in Fig 2. 
 

d) i)  Use the graph in Fig 1 to find how far the stone has fallen during the 
third second (from t = 2 to t = 3). 

 ii) Shade an area in Fig 2 to show this same distance. Calculate this                
area.  

 iii) Compare your two answers. 
e) You will now use more than one rectangle area to approximate distance 

travelled. Use the graph in Fig 2. 
i) Draw in left rectangles of width 0,1 under the graph, over the interval [0; 

0,5]. Calculate this left sum. 
ii) Find the right area sum for rectangles of width 0,1 over the interval [0; 

0,5]. 
iii) Use your calculations to approximate how far the stone falls over the first 

½ second.  
iv) Explain how you can use the graph in Figure 1 to check your area 

calculations.  
2) In the above work, you sometimes read values off the graphs, and you sometimes 

did calculations. The calculations usually involved these operations: adding, 
subtracting, dividing and multiplying.  
Explain which operations you used to approximate speed, and which operations 
you used to approximate the area under a graph. 

  



 
 

3) Answer the two questions in the box at the top of page 1. 
 

Note: 
For a moving object, consider the distance-time function )(tf  and the speed-
time function )(tv . 

Finding change in distance: 
• On the distance-time graph of )(tfy = , the change in distance over the 

time interval [a; b] is given by the vertical distance )()( afbf − . 

• On the speed-time graph of )(tvy = ,  the change in distance over the time 
interval [a; b] is given by the area under the graph from t = a to t = b. 
    *  The area of a rectangle under the speed-time graph is given by 

ttv ∆×)( . 

    *  The area under a speed-time graph can be approximated by adding 
rectangle areas. 

Finding speed: 
• On the distance-time graph of )(tfy = , the speed at t = a is approximated 

by the average gradient 
t

aftaf
∆

−∆+ )()( . 

• On the speed-time graph of )(tvy = , the speed at t = a is given by the 
function value )(av . 

 
Comparing the calculations: 

• To approximate the area under a speed-time graph, we multiply and add: 
we find the sum  
   of ttv ∆×)( . 

• To approximate instantaneous speed, we subtract and divide: 

t
aftaf

∆
−∆+ )()( . 

• Approximating speed from a distance graph is therefore the opposite of 
approximating change in distance from a speed graph. 
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