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The Normal Distribution

Assessment Standard: 12.4.4, 12.4.3 
The Normal Distribution

Collect your Paper 3 Lessons every week!!
Guys, both NSC and IEB examinations  

candidates have the option of writing Paper 3 at the 
end of the year! Paper 3 covers additional  

mathematics material and is out of �00 marks. Maths 
Paper 3 will really set you apart in the job market, 

and make studying technical subjects at tertiary level 
easier. We have hooked you up with these lessons 

- written by IEB Maths  
Paper 3 examiner Heather Frankiskos. Though the 

lessons apply to both IEB and NSC candidates,where 
there are differences, we will point them out! The  
lesson this week applies to candidates from both  

examining bodies. Give it a go! 

Identify data which is normally distributed 
about a mean by investigating histograms and 
frequency polygons.

In Grade �� you should have learnt how to 
differentiate between symmetric and skewed 
data and to make relevant deductions.

Recall that the relationship of the mean,  
median and mode can tell us something 
about the shape of the data distribution.

�)  If they are all approximately the same  
  the data will be approximately symmetrical  
  (Picture �)

2)  If mean > median, the median is closer  
  to the left in a box -and-whisker and so  
  the data will be skewed right/ positively  
  (Picture 2)

3) If mean < median, the median is closer to the right in a box-and-whisker and so the data will be   
  skewed left/negatively (Picture 3)

Picture � would perhaps represent learners’ results in a fair test

Picture 2 would represent learners’ result in a difficult test

Picture 3 would represent learners’ results in an easy test

•  Just because a distribution is symmetrical this does not automatically make it NORMAL.

Picture 2Picture 1 Picture 3
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We will now look at all the conditions necessary to make a distribution normal:

�) The mean, median and mode are equal

2) The graph is symmetrical about the mean (50% above and 50% below)

3) a) ± 68% of the sample lies within one standard deviation of the mean; 34% above and 34% below
  b) ± 96% within two standard deviations: 48% above and 48% below
  c) ± 99.7% within three standard deviations: 49.85% above and 49.85% below

4) The two ends are asymptotic to the horizontal axis.

5) The shape of the ‘bell’ is determined by the mean  
_
 x  and the standard deviation σ of the distribution.

  • If σ is small, the vertical height of the ‘bell’ is higher since the spread is small (dotted line)
  • If σ is larger, the bell shape is more flat since the spread is big (solid line)

The normal distribution can be used to describe, at least approximately, any variable that tends to cluster 
around the mean. For example, the heights of adults are roughly normally distributed - most have a height 
close to the mean, but a small number of outliers have a height significantly above or below the mean. 
A histogram of the heights will appear similar to a bell curve, with the look of the histogram becoming 
closer to a bell shape if more data is used. 
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Examples

�. You are given the following data table:

�.�. Calculate the mean, median and mode
�.2. Calculate the standard deviation
�.3. Draw a histogram of the data using
  60 ≤ x < 65 ; 65 ≤ x < 70; 70 ≤ x < 75 etc.
�.4. Join the midpoints of the bars to form a frequency polygon
�.5. What percentage of the data is within � standard deviation of the mean?

Solution

�.�) Mean = 75 ; Median = 75; Mode = 75 
�.2) σ = 6, 04
�.3) 

�.5) 70; 7�; 72; 72; 73; 74; 75; 75; 75; 76; 76; 77; 77; 78; 79; 80 = �6 scores   �6 __ 24   = 66,6 

2. The birthweights of babies in South Africa are normally distributed and have a mean of 3��0g and a  
  standard deviation of 850g.

a) What percentage of babies weigh more than
  �)  3��0g?
  ��)  3960g?
  ���) 2260g?

b) What percentage of babies weigh less than 48�0g?

72 60 67 68 68 70 7� 73
77 72 74 75 75 75 76 76
87 77 78 79 80 83 83 84

10

8

6

4

2

55 60 65 70 75 80 85 90 95

�.4)

Class Frequency
60 ≤ x < 65 �
65 ≤ x < 70 3
70 ≤ x < 75 6
75 ≤ x < 80 9
80 ≤ x < 85 4
85 ≤ x <  90 �



Exam Paper 3

Page 4

The Normal Distribution

Solutions

�) 50%
��) 3��0 + � (850) = 3960
  ∴ 50% + 34%
   = 84% below 3960
  so �6% weigh more than 3960

���) 3��0 - � (850) = 2260
  ∴ 50% + 34%
   = 84% weigh more than 2260

It is a good idea to draw the normal distribution to see the percentages that need to be added/  
subtracted to get the correct answer

b) 3��0 + 2 (850) = 48�0
  ∴ 50% + 48%
  = 98% weigh less than 48�0g

3��0 3960 48�0

50% 48%

50% 34%

3��0 3960

34%

3��02260

50%
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3.  The monthly income for �375 families in Graaff Reinet is shown below:

Data collected shows a normal distribution with a mean x = R3 500 per month and a standard deviation 
σ = R690 per month.  Research shows that if the monthly income is below R2 800, the family will be living 
below the poverty line.

�.  Estimate the percentage of families:
  a) Whose income is below the poverty line
  b) Who earn between R4 �90 and R4 880 per month 

2. How many families earn more than R4 �90?

Solution

�a) 3500 - 690 = R2 8�0 (� standard deviation below = 34%) so �6% earn below the poverty line

 b) 3500 + � (690) = 4�90
  3500 + 2 (690) = 4880
  so this is between � and 2 standard deviations which is 48% - 34% = �4%

2. �6% earn more than R4�90

  so   �6 ___ �00   x �375 = 220 families

3. (Taken from DOE Preparatory Examination 2008)

  A group of 220 Grade �2 learners were questioned on how many hours they watch television each  
  week. The results are summarised in the following table:

R35003sd 2sd �sd �sd 2sd 3sd

HOURS FREQUENCY

�0 2

�6 �2

20 23

25 60

30 77

35 38

42 8
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3.� The average amount of hours that learners spend in front of the television is 27,95. Determine the  
  standard deviation of the data.  (Round off to 2 decimals.)
3.2 Draw a line graph of the data.
3.3 Fill in the average number of hours on the graph as well as THREE standard deviations on both sides  
  of the average.

Solutions

3.� σ = 6,08
3.2  

3.3 

x = 27,95
x + σ = 34,03
x + 2σ = 40,��
x + 3σ = 46,�9
x - σ = 2�,97
x - 2σ = �5,79
x - 3σ =  9,7�
σ =  6,08
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