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Sampling Distributions ,

Your notes

Sampling Distributions

What key words do | need to know about sampling?
= The populationrefers to the whole set of things which you are interestedin

= Forexample:if avet wanted to know how long a typical French bulldog slept forina
day then the population would be all the French bulldogs in the world

= Asampling unitis anindividualmember of the population
= Forexample: a French bulldog would be a sampling unitin the above population
= Asamplerefersto a subset of the population whichis used to collect data from

= Forexample: the vet might take a sample of French bulldogs from different cities
andrecord how long they sleepina day

= Asampling frameis alist of allmembers of the population
= Forexample: alist of employees’ names withina company

= Apopulation parameteris a numerical value which describes a characteristic of the
population

= These are usually unknown
= Forexample: the mean (y) height of all 16-year-olds in the UK
= Asample statisticis a value computed using data from the sample

= These are usedto estimate population parameters

= Forexample: the mean (X) height of 200 16-year-olds from randomly selected
citiesinthe UK

What are the differences between a census and sampling?
= Acensus collects data about all the members of a population

= Forexample: the Governmentin England does a national census every 10 years to
collect data about every personliving in England at the time

The main advantage of a census s that it gives fully accurate results

The disadvantages of a census are:
= |tistime consuming and expensive to carry out

= |tcandestroy oruse up allthe members of a population when they are consumables
(imagine a company testing every single firework)

= Samplingis used to collect data from a subset of the population
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= Theadvantages of sampling are: ,
= |tisquickerand cheaperthanacensus Your notes
= |tleadstoless dataneedingtobe analysed

= Thedisadvantages of sampling are:
= |tmightnotrepresent the population accurately
= |tcouldintroduce bias

What s a statistic and its sampling distribution?

= Astatistic is arandom variable that is calculated by only using the data from a sample

= |tdoes not contain any unknown values such as population parameters

XX

32 L .
= — — X" wouldbe astatistic as X is the mean of the sample
n
X )
] 7 — 1<~ would not be a statistic as p is an unknown population parameter

= Common examples for a statistic include:
= Sample mean, sample median, range of the sample, sample variance

= The sampling distribution of a statistic gives all the possible values of the statistic along
with their associated probabilities

How do | find the sampling distribution of a statistic?
= STEP1: List all the possible samples

= Some samples can have the same combination of members but still list each one
separately

= AABandABAbothcontaintwo A'sand one B
= |tcanbe helpfulto group these together
= Considerhow many possible samples there are

= |f there are 2 different types of membersin a population and you take a sample
of 3thenthere are 8 possible samples (230r2x2x2)

= STEP 2: Calculate the value of the statistic for each possible sample

= Thisis why grouping the samples with the same combinationis helpful
= STEP 3: Calculate the probability of each sample being picked

= The samples willbe independent

= |fthe populationis described as beinglarge thenyou can treat the sampling as if it
were withreplacement
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= The probability of selecting a type of member will be constant regardless of ,
how many has already been selected
Your notes
= STEP 4: Construct the distribution table

= Addtogetherthe probabilities of the samples that result in the same value of the
statistic

o

Worked Example

Amoney box contains alarge number of £5, £10 and £20 notes. 50% are £5 notes,
30% are £10 notes and 20% are £20 notes.

Arandom sample of two notes is taken from the money box.
(a) Listallthe possible samples.
(b) Findthe sampling distribution of the mean.

Answer:

a) Consider how many samples there will be

3x3=32=0 Yo Size of sample

Number of options

List all the possible outcomes in a systematic way

Start with (5, B) These two are the
the samples (5, 10) (10, 5) same combination but
starting with a 5 (5, 20) (20, B) list both samples

Then the ones (10, 10) - -
starting with a 10 (0, 20) (20, 10) s Orouping samples with the
Then with 20 (20 20) same combination is helpful
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5 |10 | 20

P(X =x)

05]03]|0.2

b) Let X be the value of the note

Let X be the mean of the sample

Combine into a table

Step 1 Step 2 Step 3

List all the Calculate the Calculate the probability
samples value of X of each sample

(5, 5) 5 - > A 0.5 x0.5=0.25

5, 100 (10, 5 |2 *240 =75 | 05x0.3=0.15

5, 20 (20, 51 | 2 +220 =125 | 0.5x0.2=0.1

(10, 10} % =10 | 0.3x0.3=0.09

(10, 20) (20, 10) % =15 | 0.3x0.2=0.06

(20, 20) 202;20 =20 | 0.2x0.2=0.04
Step 4

=

1, SaveMyExams

Examiner Tips and Tricks
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X 5 | 75| 10 |125] 15 | 20
P(X=x) [0.25| 0.3 |0.09| 0.2 |0.12(0.04
2 samples 2 samples
so 2 x0.15 so 2x0A1

Check=0.25 + 0.3 + 0.09 + 0.2 + 0.12 + 0.04 =1

= Remember the probabilities in a sampling distribution should addup to 1. You can
use this to either check your answer or as a shortcut to find the final probability
onceyou have the others.

s

Your notes
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Hypothesis Testing 4

Your notes

Language of Hypothesis Testing

Whatis a hypothesis test?

A hypothesis test uses a sample of data in an experiment to test a statement made
about the value of a population parameter

A hypothesis testis used when the value of the assumed population parameteris
questioned

The hypothesis test willlook at the which outcomes are unlikely to occurif assumed
population parameteris true

The probability found willbe compared against a given significance level to determine
whether there is evidence to believe that the assumed population parameteris not true

What are the key terms used in statistical hypothesis testing?

Every hypothesis test must begin with a clear null hypothesis (what we believe to
already be true) and alternative hypothesis (how we believe the data pattern or
probability distribution might have changed)

Ahypothesisis an assumption that is made about a particular population parameter

= Apopulation parameteris a numerical characteristic which helps define a
population

= One example of apopulation parameteris the probability, p of anevent
occurring

= Another exampleis the mean of a population

= The null hypothesis is denoted Hg and sets out the assumed population parameter
given that no change has happened

= The alternative hypothesisis denoted H; and sets out how we think the population
parameter could have changed

= Whenahypothesis testis carried out, the null hypothesis is assumed to be true and
this assumption will either be accepted orrejected

Ahypothesis test could be a one-tailed test or a two-tailed test
The null hypothesis willalwaysbeHgp:0 = ...
The alternate hypothesis will depend onif itis a one-tailed or two-tailed test

= Aone-tailed test would test to see if the population parameter, 8, has either
increased or decreased

= The alternative hypothesis, H; willbeH;:6>... or Hy:0<...

= Atwo-tailed test would test to see if the population parameter, 6, has changed
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= The alternative hypothesis, H; willbeH;:. 6#... ,

= |tisimportant to read the wording of the question carefully to decide whetheryour Your notes
hypothesis test should be one-tailed or two-tailed

= Tocarry out a hypothesis test an experiment will be carried out on a sample of data, the
result of this experiment will be the test statistic

= Asample of datais a subset of data taken from the population
= The test statisticis anumerical value calculated from the data
= Thetest statisticis sometimes also referred to as the observed value
= Ahypothesis test will always be carried out at an appropriate significance level

= The significance level sets the smallest probability that an event could have
occurred by chance.

= Any probability smaller than the significance level would suggest that the event
is unlikely to have happened by chance

= The significance level must be set before the hypothesis testis carried out

= The significance level will usually be 1%, 5% or 10%, however it may vary

o

Worked Example

Ahypothesis testis carried out at the 5% level of significance to test if anormal coinis
fairornot.

(i) Describe what the population parameter could be for the hypothesis test.

(i) State whether the hypothesis test should be a one-tailed test or a two-tailed test,
give areason foryouranswer.

(iii) Clearly defining your population parameter, state suitable null and alternative
hypotheses for the test.

Answer:

1’ SaveMyExams © 2026 Save My Exams, Ltd.  Get more and ace your exams at savemyexams.com 7



https://www.savemyexams.com/?utm_source=pdf

(i) The population parameter, p, could be the probability that ,

the coin lands on heads
Your notes

Equally, this could have been the
probability that the coin lands on tails.

(i) The test should be a two—tailed test because we are testing
to see if the probability that the coin lands on heads has changed

If tails had been chosen in Part (i),
then tails should be used here.

(i)~ The population parameter, p, is the probability the coin lands
on heads

The null hypothesis is what we believe should be true:
Hot p= =

2
\—E Probability the coin lands on heads

The alternative hypothesis is how we believe the population
parameter could have changed.

Hy: p# % The probability the coj]n
lands on heads is not )

Alternative hypothesis

Ho: p=

Hq: P;’E

o

Examiner Tips and Tricks

= Make sure youread the question carefully to determine whether the test you are
carrying out is for a one-tailed or a two-tailed test.

L

Critical Regions

How do we decide whether toreject oraccept the null
hypothesis?

= The null hypothesis would be rejected if the observed value falls within the critical
region

= The critical regionis the range of values that the observed value could take which
will lead to the null hypothesis being rejected

= The critical value is the boundary of the critical region

= |tistheleast extreme value that would lead to the rejection of the null hypothesis
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= The critical value is determined by the significance level ,

= Inatwo-tailed test the significance levelis halved and both the upper and the lower Your notes
tails are tested

= Fordiscrete distributions the critical value is the first value that falls within the
criticalregion and so the probability of the observed value falling within the critical
region may be lower than the given significance level

= This probability will be known as the actual significance level

= The actual significance levelis the probability of incorrectly rejecting the null
hypothesis

= Finding the critical region will be different for a two-tailed test thanitis for a one-
tailed test

= ForanQ % significance level

= |naone-tailedtest the critical region will consist of &% in the tail thatis being tested
for

(44
= |natwo-tailed test the critical region will consist of 3 % ineach tail

Do we always need to find the critical region?

= |nmost cases the best method of conducting a hypothesis test is to find the critical
region

= |tallowsyoutoseehow farthe observedvalue is from the critical value and make
decisions about whether further testing is necessary

= |nsome cases a hypothesis test can be carried out without finding the critical region

= The null hypothesis would be rejected if the probability of a value being at least as
extreme as the observed value, assuming that the null hypothesis is true, is less than the
significancelevel

= [fthe testislooking foradecrease then extreme values are smaller than the
observedvalue, so find the probability of less than or equal to the observed value

= [fthe testislookingforanincrease then extreme values are bigger thanthe
observedvalue, so find the probability of greater than or equal to the observed
value

= This probability is called the "p-value"

= |natwo-tailed testitis common to half the significance level and compare this with the
probability found in one of the tails

o

Worked Example
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\

For the following situations, state at the 1% and 5% significance levels whether the null ,

hypothesis should be rejected or not.
Your notes

(i) The critical regionis X< 3 and the observed valueiis 4.

(i) Assuming the null hypothesis is true, the probability of a value being at least as
extreme as the test statistic in a one-tailed hypothesis testis 0.0429.

(iii) Assuming the null hypothesis is true, the probability of a value being atleast as
extreme as the test statistic in a two-tailed hypothesis testis 0.00705.

Answer:
(1) The observed value is outside of the critical region so do not
reject Ho
(i) For d one—tailed test the significance level is dall in one tail

0.0428 < 5% so reject Ho at the 5% level of significance

0.0429 > 1% so do not reject Ho at the 17 level of significance

(iii) For a two—tailed test use half of the significance level in each tail
5% significance level — 2.5% either side
1% significance level — 0.5% either side
0.00705 < 2.5% so reject Ho at the 5% level of significance
0.00705 > 0.5% so do not reject Ho at the 1% level of significance

Conclusions of Hypothesis Testing

How is a hypothesis test carried out?

= There are anumber of ways that a hypothesis test can be carried out for different

models, however the following steps should form the base for your test:
Step 1. Define the test statistic and population parameter

Step 2. Write the null and alternative hypotheses clearly

Step 3. Calculate the critical value(s) or the necessary probability for the test

Step 4. Compare the observed value with the critical value(s) or the probability with the
significance level

Step 5. Decide whether there is enough evidence to reject Hp or whetherit has to be
accepted

Step 6. Write a conclusionin context

How should a conclusion be written for a hypothesis test?

= Yourconclusion must be writtenin the context of the question

Use the wording in the question to help you write your conclusion
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= |frejecting the null hypothesis your conclusion should state that there is sufficient ,

evidence to suggest the alternative hypothesisis true at this level of significance
Your notes
= |f accepting the null hypothesis your conclusion should state that there is not

enough evidence to suggest the alternative hypothesis is true at this level of
significance

= Your conclusion must not be definitive
= Thereisachance thatthe test hasledtoanincorrect conclusion

= The outcomeis dependent onthe sample, a different sample mightleadtoa
different outcome

= The conclusion of atwo-tailed test can state if there is evidence of achange

= Youshould not state whether this changeis anincrease or decrease

o

Worked Example

Ateacher carried out a hypothesis test at the 10% significance level to test if her
students perform betterin exams after using a new revision technique. Under the null
hypothesis she calculates the probability that a value will be at least as extreme as the
observedvalue to be 0.09142. Write a conclusion for her hypothesis test.

Answer:
The teacher is testing for an increase in exam scores
so the test is a one—tailed test.

For a one—tailed test the significance level is all in
one tail.

0.09142 < 10X soreject Hp at the 10Z level of significance
There is sufficient evidence to suggest at the 10% level

of significance that the students did perform better after
using the new revision technique.

=

Examiner Tips and Tricks

= [tisbesttouse the exact wording from the question when writing your conclusion
forthe hypothesis test, do not be afraid to sound repetitive.
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