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Unit Learning Objectives 

• To understand the properties of a normal distribution curve; 

• To calculate probabilities, percentage points and unknown parameters 

for a normal distribution; 

• To carry out hypothesis tests for the mean of a normal distribution. 
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Now you have completed the unit...  
 

 

 

 

 

 

 

 

 

 

 

 

 

Notes/Areas to Develop: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Objective Met Know Mastered 

I understand the standardised normal 
distribution curve and can find probabilities 
from a table. 

   

I can find percentage points given a 
probability, and can standardise to the 
standard normal distribution. 

   

I can find unknown means and/or standard 
deviations for a normal distribution. 

   

I can perform one-tailed and two-tailed 
hypothesis tests for a normal distribution. 

   

I can apply my learning to exam-style 
questions. 
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The Normal Distribution 

 

When we are dealing with continuous random variables (e.g. any sort of measurement such 

as lengths, weights etc), the number of possibilities is infinite and the probability of any one 

specific value is 0.  

No-one is EXACTLY 6 foot tall... or at least not for more than a fraction of a millisecond at a 

time before particles vibrate, water evaporates etc.! 

We use a continuous probability distribution to model such variables – a curve, the area 

under which is equal to 1. For data where values are likely to ‘group’ symmetrically around a 

central value with increasingly unlikely extreme values, we often use a Normal Distribution 

curve (sometimes called a bell curve): 

 

 

 

This type of spread of data is extremely common, e.g. heights of a population, intelligence 

metrics, error in a repeated scientific experiment, and so on! 

 

The central value (indicated by the line) is the mean 𝜇 of the data, and we look at the other 

values in terms of how many standard deviations 𝜎 they are from the mean. 

 

A normal distribution is given by 𝑋~𝑁(𝜇, 𝜎2) 

 

For the standardised normal curve, we use a mean of 0 and a standard deviation of 1. 

 

• The standard Normal Distribution is given by 𝒁~𝑵(𝟎, 𝟏𝟐) 
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Using Tables 

 

Whilst you can (and should!) use your calculator in the examination to find probabilities, it is 

really important that we understand how to calculate them the old-fashioned way from a table. 

This will give us an appreciation of the curve and what we are finding. 

 

The standard normal tables give us the probability 𝑃(𝑍 ≤ 𝑧) for some given value of 𝑧. It is 

extremely helpful to sketch the curve and shade the area you want. 

 

Example 1: Given that 𝑍~𝑁(0, 12), use the statistical tables to find: 

a) 𝑃(𝑍 ≤ 1.54)  b) 𝑃(𝑍 > 0.4)   c) 𝑃(𝑍 < −0.72) 

 

 a) The area we want is: 

 

 

 

From tables, we can see: 

 

So 𝑃(𝑍 ≤ 1.54) = 0.9382 (4 d.p.)  
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b) This time, the area we want is: 

 

 

 

 

Since the table gives us 𝑃(𝑍 ≤ 𝑧), we will need to find the probability we do not want, and 

subtract from 1. 

So, 𝑃(𝑍 > 0.4) = 1 − 0.65542 =  0.3446 to 4 decimal places. 

  

c) This is the trickiest one from the tables. The area we want is:  

 

 

 

 

 

Our tables only give the probability for the positive 𝑧-values – but luckily the curve is perfectly 

symmetrical. The probability we want is the same as 𝑃(𝑍 > 0.72), which we can work out as in 

the last example to get 0.2358 to 4 decimal places. 

 

Task 1: Use the tables to find 

a) 𝑃(𝑍 < 1.13)    b) 𝑃(0.2 < 𝑍 < 1) 
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We can also find the 𝑧-value which corresponds to a given probability. This is another table in 

your formula booklet: 

 

So, for example, it is useful (genuinely) to know that a probability of 0.975 corresponds to    

𝑃(𝑍 ≤ 1.96) (i.e. only about 2.5% of a population that is normally distributed will be 2 or more 

standard deviations away from the mean). 

 

Example 2: 

Use the table above to find the values of 𝑧 such that: 

a) 𝑃(𝑍 ≤ 𝑧) = 0.962     b) 𝑃(𝑍 ≥ 𝑧) = 0.01 
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Task 2: 

Using the percentage points table, find the 𝑧-values such that: 

a) 𝑃(𝑍 ≤ 𝑧) = 0.82    b) 𝑃(𝑍 ≤ 𝑧) = 0.05 
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Most distributions that we meet will not have a mean of zero and a standard deviation of 1. In 

these cases, we can use the idea of coding the data to transform the data into the standard 

normal distribution (for which, again, we can usually use tables). 

 

If we have a distribution 𝑿~𝑵(𝝁, 𝝈𝟐) then 𝒁 = 
𝑿 − 𝝁

𝝈
. 

 

Example 3: You are given that the continuous random variable 𝑋 is distributed normally with 

mean 20 and standard deviation 5. By standardising and using the normal tables, find: 

a) 𝑃(𝑋 < 22)      b) 𝑃(𝑋 ≥ 25) 

 

 

 

 

 

 

 

Task 3: You are given that 𝑌~𝑁(180, 102). By standardising and use of tables, find: 

a) 𝑃(𝑌 ≤ 182)     b) 𝑃(𝑌 ≥ 193.5) 

 

 

 

 

 

 

 

 

 

 

 



P a g e  | 9 
 

 
©                                                                    2025 

Solving Problems using Normal Distributions 

 

Now we’re ready to tackle some typical problems. 

 

Example 1: A brand of lightbulb has a lifespan which is normally distributed with mean 1500 

hours and standard deviation of 80 hours.  

a) Find the probability that a randomly chosen lightbulb has a lifespan less than 1640 hours. 

b) Find the probability that a randomly chosen lightbulb has a lifespan less than 1400 hours. 
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Example 2: A company’s graduate training scheme tests candidates for entry. The scores on 

the test can be modelled normally with mean 80 and standard deviation 4.  

The company only admits entry to those candidates in the top 2.5% of the cohort. Find the 

score required to gain entry to the graduate training scheme. 

 

 

 

 

 

 

 

 

 

 

Task 1: A population’s systolic blood pressure is modelled normally with mean 120 and 

standard deviation 15.  

a) Find the probability that a person chosen at random from the population has a systolic 

blood pressure less than 132. 

b) A medical researcher is looking to run a trial programme for adults with blood pressure in 

the highest 5%. Find the minimum blood pressure required for trial admission.   

 

 

 

 

 

 

 

 

 



P a g e  | 11 
 

 
©                                                                    2025 

Task 2: A company manufactures candles in glass jars.  

The weight of the glass jars is normally distributed with a mean of 122.3 grams and standard 

deviation of 2.6 grams. 

Calculate the probability that a randomly selected glass jar will weigh: 

a) less than 127g. 

b) less than 121.5g. 

 

 

 

 

 

 

 

 

Task 3: The volume of liquid in cans of a cola drink are believed to be normally distributed 

with a mean of 330 ml and a variance of 6.25 ml².  

a) Calculate the probability that a randomly selected can from this producer contains: 

  i) More than 335ml 

  ii) Between 328ml and 330ml 

b) The cans are labelled as containing 330ml. In a delivery of 800 cans, find the number of cans 

expected to have less than 324ml. 
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Test Your Understanding 1 

 

Question 1 

For the standardised normal distribution, and using tables, find: 

a) 𝑃(𝑍 < 2)  b) 𝑃(𝑍 ≤ 0.75) c) 𝑃(𝑍 > 2.2)   d) 𝑃(𝑍 ≥ −1.81) 

e) 𝑃(𝑍 ≤ −2.9) f) 𝑃(𝑍 > −0.3) g) 𝑃(0.3 < 𝑍 < 1.1)  h) 𝑃(−0.4 ≤ 𝑍 ≤ 1) 

 

Question 2 

For each of the answers in question 1, verify the results using your calculator’s Normal CD 

function (remember, make sure your upper/lower limit is very large where necessary). 

 

Question 3 

You are given that 𝑋~𝑁(124, 52). By standardising and using tables, find: 

a) 𝑃(𝑋 ≤ 130) b) 𝑃(𝑋 < 134) c) 𝑃(𝑋 ≥ 127.5)  d) 𝑃(𝑋 > 120) 

e) 𝑃(𝑋 < 116) f) 𝑃(122 ≤ 𝑋 ≤ 126) 

 

Question 4 

Verify each of the answers for Q3 using your calculator’s Normal CD function. 

 

Question 5 

An intelligence test is such that the results are normally distributed with mean 100 and 

standard deviation 15. 

a) Show that approximately two-thirds of the population expect to score between 85 and 115. 

b) Further show that approximately 2% of the population expect to score in excess of 130. 

c) A group of 30 adults take the test. Given that each individual was randomly selected, find 

the probability that three or more exceed 130. (HINT: what distribution could model 30 trials 

of an experiment?) 
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Question 6 

A random variable 𝑋 is such that 𝑋~𝑁(30, 42). 

Find 𝑃(𝑋 < 26 ∪ 𝑋 > 36). 

 

Question 7 

Glencraig produces bottles of spring water. The volume of water V in each bottle is distributed 

normally with mean 1000ml and standard deviation 25ml.   

a) Find the probability that a randomly selected bottle contains less than 940ml. 

b) A sample of three bottles is taken. Find the probability that all three bottles contain more 

than 1050ml. 

 

Question 8 

The weights 𝑊 𝑘𝑔 of British males are such that 𝑊~𝑁(85.4, 142). 

a) A man is selected at random from the population. Find the probability that his weight exceeds 

110 kg. 

b) A clinic is looking to run a trial for adult males whose weights exceed the 95th percentile. Find 

the weight required for admission to this trial. 
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Finding an unknown mean or standard deviation 

 

Sometimes, we can be asked to ‘work backwards’ to find an unknown 𝜇 or 𝜎.  

 

Example 1:  A random variable 𝑋 is such that 𝑋~𝑁(𝜇, 42). Given that 𝑃(𝑋 > 32) = 0.04, find 

the value of 𝜇 to 3 significant figures. 

 

 

 

 

 

 

 

 

 

Task 1: A random variable 𝑄 is such that 𝑄~𝑁(𝜇, 32). Given that 𝑃(𝑄 ≥ 47) = 0.015,  

a) find the value of 𝜇. 

b) Hence find the 95th percentile of 𝑄. 
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Example 2: A factory produces timber lengths of length 𝑋 cm. The timber lengths are 

modelled by a normal distribution with mean 180cm and standard deviation 𝜎. 

a) Given that 𝑃(𝑋 < 170) = 0.18, find the value of 𝜎 to one decimal place. 

b) Any timbers that fall more than 2.75 standard deviations below the mean are to be 

discarded. Find the length below which timbers are to be discarded. 
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Task 2: 

A continuous random variable 𝑋 ~𝑁(𝜇, 𝜎2). 

Given that 𝑃(𝑋 > 50) = 0.025 and 𝑃(𝑋 < 30) = 0.09, find the values of 𝜇 and 𝜎 to 1 decimal 

place.   
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Test Your Understanding 2 

 

Question 1 

A random variable 𝑋~𝑁(𝜇, 32). Given that 𝑃(𝑋 > 30) = 0.15, find 𝜇. 

 

Question 2 

A random variable 𝑌~𝑁(𝜇, 52). Given that 𝑃(𝑌 > 100) = 0.05, find 𝜇. 

 

Question 3 

A random variable 𝑊~𝑁(𝜇, 102). Given that 𝑃(𝑊 ≤ 230) = 0.10, find 𝜇. 

 

Question 4 

A random variable 𝑋~𝑁(50, 𝜎2). Given that 𝑃(𝑋 ≤ 54) = 0.9, find 𝜎. 

 

Question 5 

A species of cicada is such that it’s lengths 𝐿 𝑐𝑚 are normally distributed with mean 3.5cm. Given 

that 80% of the population are less than 5cm long, find the standard deviation of 𝐿. 

 

Challenge 1 

The random variable 𝐶~𝑁(𝜇, 𝜎2). Given that 𝑃(𝐶 ≤ 20) = 0.1 and 𝑃(𝐶 ≥ 35) = 0.2, find the 

values of 𝜇 and 𝜎. 
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Hypothesis Testing 

 

We can extend our knowledge of hypothesis testing from AS mathematics to test hypotheses 

with the normal distribution.  

Some key reminders: 

• The null hypothesis 𝐻0 is the original claim or statement being tested, i.e. a 

manufacturer’s claimed value for  𝜇. 

• The alternative hypothesis 𝐻1 could lead to a one-tailed test (e.g. if the test is to see 

if the original claim is too big) or two-tailed test (if we are simply testing if the actual 

value is different  to the original claim). 

 

If we have some random variable 𝑋~𝑁(𝜇, 𝜎2), and we take some random samples of 

observations, the means of the samples should also be normally distributed.  

 

If we have a random sample of size 𝒏 taken from 𝑿~𝑵(𝝁, 𝝈𝟐), then: 

• We denote the sample mean by 𝑋̅,  

• 𝑋̅~𝑁(𝜇,
𝜎2

𝑛
) 

Note that this is given in the formula booklet! 

 

If we have the sample mean of a normally distributed random variable 𝑋̅~𝑁 (𝜇,
𝜎2

𝑛
), then we can 

standardise our test statistic (our sample mean) to a normally distributed variable 𝑍~𝑁(0, 12) 

using 

𝑍 =
𝑋̅ − 𝜇 

𝜎

√𝑛

 

This is also given in the formula booklet! 

 

 

What this means, in practice, is that given a sample mean 𝑥̅ from one particular sample of 𝑋, we 

can test whether it is statistically unlikely (significant) that this result would have occurred if 𝜇 

was originally correct. Let’s look at some examples of this. 
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Example 1: JoneSmells sells perfume in bottles. The amount of perfume per bottle is normally 

distributed with a standard deviation of 5ml. 

 

The company claims that the mean amount of perfume per bottle is 150ml. However, a 

watchdog receives a number of complaints that the company is overstating the amount of 

perfume per bottle. The watchdog takes a random sample of 20 bottles and finds that the mean 

amount of perfume per bottle is 147.2ml.  

Using a 5% level of significance, and stating your hypotheses clearly, test whether or not the 

complaint should be upheld. 
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Example 2:  

VaNya manufactures metal cogs of radius 𝑅, where 𝑅 is normally distributed with mean 1.3 cm 

and standard deviation 0.03cm. 

Following a machine repair, a random sample of 100 cogs is taken to see if the mean radius has 

changed. 

a) Find the critical region for this test, using a 1% level of significance. 

b) The mean radius of the sample of 100 cogs is found to be 1.384cm. Comment on this 

observation, making reference to your answer to part a). 
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Task 1: 

LouisParis produces tubes of hair gel containing a mean 120ml of gel, with a standard 

deviation of 2ml. 

Following the installation and setup of a new machine, the floor manager wishes to test 

whether the mean amount of gel has changed. They take a random sample of 40 tubes. 

 

a) Write down the distribution of the test statistic and your hypotheses. Giving a reason, 

explain whether this is a one-tailed or a two-tailed test. 

b) Find, at the 2% significance level, the critical region for this test. 

c) The mean amount of gel in the sample is found to be 125ml. With reference to your answer 

to part b), comment on this observation.   
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Test Your Understanding 3 

 

Question 1  

In each of the following cases, a random sample of size 𝑛 is taken from a population that is 

normally distributed with mean 𝜇 and standard deviation 𝜎. Test the following hypotheses: 

a) 𝐻0: 𝜇 = 40, 𝐻1: 𝜇 > 40, 𝑛 = 20, 𝑥̅ = 44, 𝜎 = 1.5, at a 5% level of significance.  

b) 𝐻0: 𝜇 = 30, 𝐻1: 𝜇 < 30, 𝑛 = 30, 𝑥̅ = 29.5, 𝜎 = 3, at a 5% level of significance. 

c) 𝐻0: 𝜇 = 120, 𝐻1: 𝜇 ≠ 120, 𝑛 = 100, 𝑥̅ = 122.5, 𝜎 = 10, at a 1% level of significance. 

 

Question 2 

In each of the following cases, a random sample of size 𝑛 is taken from a population that is 

normally distributed with mean 𝜇 and standard deviation 𝜎. Find the critical region(s) for the test 

statistic 𝑋̅ in the given tests. 

a) 𝐻0: 𝜇 = 15, 𝐻1: 𝜇 > 15, 𝑛 = 30, 𝜎 = 2, at a 5% level of significance.  

b) 𝐻0: 𝜇 = 80, 𝐻1: 𝜇 < 80, 𝑛 = 40, 𝜎 = 4, at a 10% level of significance. 

c) 𝐻0: 𝜇 = 2.3, 𝐻1: 𝜇 ≠ 2.3, 𝑛 = 50, 𝜎 = 0.2, at a 1% level of significance. 

 

Question 3 

The scores on a particular cognitive test are normally distributed with mean 80 and standard 

deviation of 10. A cognitive scientist wishes to test the theory that consuming 4 units of alcohol 

lowers the average test score. A random sample of 50 people are selected and they are each 

given the same alcoholic beverage prior to starting the cognitive test. 

a) Find, at the 5% level, the critical region for this test. 

b) The mean score from the sample is 77. Comment on this value with reference to your answer 

to part a). 
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Question 4 

A machine produces screws of length 𝐿 cm, where 𝐿 is normally distributed with mean 5cm 

standard deviation 0.5 cm. After a repair, a sample of 30 screws is taken and their lengths 

measured to check that the machine is calibrated correctly. 

Given that the mean of the sample was 5.1cm, test at the 5% level whether there is evidence that 

the machine is incorrectly calibrated. 

 

Question 5 

A machine fills 2 kg bags of porridge oats. The manufacturer claims that the average weight of 

porridge per each bag is 2025 g, with a standard deviation of 30 g.  

a) Assuming a normal distribution, find the probability that, using the manufacturer’s claims, the 

weight of porridge in a randomly selected bag is less than 2 kg. 

b) Trading standards receive a number of complaints that the amount of porridge is overstated 

and decide to investigate the manufacturer’s claims. They take a sample of 36 bags and find the 

mean weight of porridge to be 2010g.  

i) Assuming the manufacturer’s claim of 𝜎 = 30 g, test the manufacturer’s claim using a 5% level 

of significance. 

ii) Given that the manufacturer’s claim is instead found to be correct for 𝜇, find the correct value 

of 𝜎. 

 

 

 

 

 

 

 

 

 

 

 

Now: You are ready to face the Grade Enhancer™. 
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Grade Enhancer™ - Apply your knowledge! 

 

These ‘Grade Enhancer’ questions are designed in examination style, to test your understanding of the 

content learnt.  

You should complete this task and submit full solutions within one week of the end of unit. 

 

Question 1 (WJEC 2018) 
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Question 2 (WJEC 2019) 

 

 

 Question 3 (WJEC 2022) 
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Question 4 (WJEC 2022)  
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Question 5 (WJEC 2023)  

  

 

Please Turn Over For Next Question 
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Question 6 (WJEC Sample Assessment Materials) 

 

TOTAL MARKS AVAILABLE: 62 MARKS. 


