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Specification
	Ref.
	Learning outcomes
	Notes
	Notation
	Exclusions

	STATISTICS: STATISTICAL HYPOTHESIS TESTING (1)

	Hypothesis testing 
	MH1
	Understand the process of hypothesis testing and the associated language.
	Null hypothesis, alternative hypothesis.
Significance level, test statistic, 1-tail test, 2-tail test.
Critical value, critical region (rejection region), acceptance region, p-value.
	
	

	
	H2
	Understand when to apply 1- tail and 2- tail tests.
	
	
	

	
	H3
	Understand that a sample is being used to make an inference about the population and appreciate that the significance level is the probability of incorrectly rejecting the null hypothesis.
	For a binomial hypothesis test, the probability of the test statistic being in the rejection region will always be less than or equal to the intended significance level of the test, and will usually be less than the significance level of the test. Learners will not be tested on this distinction. If asked to give the probability of incorrectly rejecting the null hypothesis for a particular binomial test, either the intended significance level or the probability of the test statistic being in the rejection region will be acceptable.
	
	

	Null and alternative hypotheses

	The null hypothesis for a hypothesis test is the default position which will only be rejected in favour of the alternative hypothesis if the evidence is strong enough. Assuming the null hypothesis is true, as a default position, allows the calculation of values of the test statistic which would be unlikely (have low probability) if the null hypothesis were true; this is the critical region (rejection region).




	
Specification
	Ref.
	Learning outcomes
	Notes
	Notation
	Exclusions

	STATISTICS: STATISTICAL HYPOTHESIS TESTING (1)

	Hypothesis testing for a binomial probability p
	H4
	Be able to identify null and alternative hypotheses (H0 and H1) when setting up a hypothesis test based on a binomial probability model.
	H0 of form p = a particular value, with p a probability for the whole population.
	H0, H1
	


	
	H5
	Be able to conduct a hypothesis test at a given level of significance. Be able to draw a correct conclusion from the results of a hypothesis test based on a binomial probability model and interpret the results in context.
	
	
	Normal approximation.

	
	H6
	Be able to identify the critical and acceptance regions.
	
	
	

	STATISTICS: STATISTICAL HYPOTHESIS TESTING (2)

	Hypothesis testing for a mean using Normal distribution
	MH7
	

Know that random samples of size n from  have the sample mean Normally distributed with mean  and variance .
	
	
Sample mean,  

Particular value of sample mean,  
Population mean, 
	Central Limit Theorem

	
	H8
	Be able to carry out a hypothesis test for a single mean using the Normal distribution and be able to interpret the results in context.
	In situations where either
(a) the population variance is known
or
(b) the population variance is unknown but the sample size	is large
Learners may be asked to use a p‑value or a critical region.
H0 of form µ = a particular value, where µ is the population mean.
Significance level will be given.
	
	

	
	H9
	Be able to identify the critical and acceptance regions.
	
	
	




	Specification
	Ref.
	Learning outcomes 
	Notes
	Notation
	Exclusions

	STATISTICS: STATISTICAL HYPOTHESIS TESTING (2)

	Informal hypothesis testing for correlation/ association
	MH10
	Understand correlation as a measure of how close data points lie to a straight line.
Understand that a rank correlation coefficient measures the correlation between the data ranks rather than actual data values.
	Learners are not required to know the names of particular correlation coefficients.
	r 

	Calculation of correlation coefficient


	
	H11
	Be able to use a given correlation coefficient for a sample to make an inference about correlation or association in the population for given p-value or critical value. 
	Association refers to a more general relationship between the variables.
The (often implicit) null hypothesis is of the form either that there is no correlation or no association in the population. Questions will use an appropriate correlation coefficient and indicate whether correlation or association is being tested for.
	Questions may require understanding of notation from software; sufficient guidance will be given in the question.
	Knowledge of bivariate Normal distribution


	Calculating correlation

	Learners are expected to use technology to work with real data, including the pre-release data. Calculators, spreadsheets and other software will calculate correlation coefficients. Learners may be asked to interpret such correlation coefficients in the examination. The following points should be noted:
· A correlation coefficient measures the strength of a linear relationship.  A correlation between the ranks of the data values may be used for a more general relationship.
· Correlation coefficients will only be used for data where both variables are random (not, for example, for time series data where one variable occurs at set intervals).
· Outliers or distinct sections of data in the scatter diagram can affect the value of the correlation coefficient.

	Conclusion from a hypothesis test

	Learners are expected to make non-assertive conclusions in context.
E.g. “There is not enough evidence to conclude that the proportion of... has increased.”
E.g. “There is enough evidence to indicate that the probability of ..... has changed.”
E.g. “There is insufficient evidence to indicate that the true mean of ..... is lower than......”
E.g. "There is sufficient evidence to suggest that there is positive correlation between..... and ....."
E.g. "There is not sufficient evidence to suggest that there is association between ... and ...."



[image: C:\Users\marxsu\Desktop\asa_mathsbmei_landscape.png]
[image: C:\Users\marxsu\Desktop\asa_mathsbmei_landscape.png]

DISCLAIMER
This resource was designed using the most up to date information from the specification at the time it was published. Specifications are updated over time, which means there may be contradictions between the resource and the specification, therefore please use the information on the latest specification at all times. If you do notice a discrepancy please contact us on the following email address: resources.feedback@ocr.org.uk


Version 1	1									© OCR 2017
Version 1	2									© OCR 2017
Thinking Conceptually

General approaches
Prior to working with statistical hypothesis testing, it would be beneficial if learners had a firm understanding of the different probability distributions. This should be a core component of the initial approach. 
It is useful to make links with other subject areas; learners may have experience of using different tests to make inferences in these other subject areas. 
It is useful to use graphs of the distributions as this may help learners understand some of the key concepts. Reference to interactive resources will help visualise the area of interest on the graph of the distribution.
It is important to emphasise that learners are using sample evidence to make a choice between a null and alternative hypothesis and it must be stressed that the null hypothesis stands unless the sample evidence clearly supports the alternative hypothesis. Leaners must have experience of lots of different examples to ensure that they understand the language needed to make the conclusions based on their calculations. 
Learners must be encouraged to make a final and most important step to interpret, in the context of the problem, what the hypothesis test results suggest.























Common misconceptions or difficulties learners may have
There are a number of misconceptions that learners may hold, or develop regarding statistical hypothesis testing and care should be taken to avoid these becoming ingrained in learners.
One source of confusion for learners may be in the language used to interpret and create the hypotheses. It is imperative that learners are clear in how these are constructed. Being confused between a one-tail test and a two-tail test is a common error.
For Normal hypothesis testing and hypothesis testing using correlation coefficients, students sometimes get confused between the test statistic and the population parameter.
Students sometimes think that either the significance level or the p-value gives the probability that the null hypothesis is true. That is not the case.
Learners may find it difficult to understand why the probability of the whole “tail” is found – finding critical regions before working with observed values and probabilities can help conceptual understanding.
It would be useful to spend some time with examples of hypotheses and the final result for learners to then make their own interpretations. This would highlight misconceptions held and allow for discussion of the lack of absolute certainty with hypothesis testing. 
It is important to highlight to learners the difference between significant and non-significant outcomes, it is important that they understand that a non-significant outcome means that the data does not suggest that the null hypothesis is false rather than being able to state definitely that the null hypothesis is true. 
Learners should be encouraged to pay attention to the context of the data, referring back to the initial context given to give the result meaning. Teachers should encourage learners to check the reasonableness of their results within the context, and the context should remain at the centre of any learning. 
It is often useful to present incorrect conclusions to the hypothesis test to learners to encourage them to highlight and discuss the errors. 





Conceptual links to other areas of the specification
There is a lot of problem solving involved in statistical hypothesis testing; learners need to be able to extract the information they need from the questions and data given in order to arrive at a solution. 
Learners must have a clear understanding of the basics of probability distributions and how they can be applied to perform statistical hypothesis testing.
Teachers should ensure that time is spent on longer questions so that learners have the opportunity to extract the data they need and ignore extraneous information.
It is strongly suggested that teachers provide as many real life uses of statistical hypothesis testing from other topic areas and different real world examples to emphasise the relevance of this area of mathematics to learners. 
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Thinking Contextually

Learners need to see the relevance of their learning to real life events; they often struggle to understand the concepts in mathematics unless they can see the relevance. 
The very nature of statistical hypothesis testing is contextual and many different areas can be used to enhance learners understanding, these can be as basic as a simple test to the need to collect data to test their own hypotheses. This can be a very useful way of checking their full understanding of the concepts covered in statistical hypothesis testing. 
Learners will be more successful if they can see how the concepts can be used outside of the classroom. If scenarios are chosen that are meaningful to the learners this will help to maintain their interest and motivation. This will also help learners to focus on the mathematics and lead to independent thinking and greater retention of the skills.



Resources

	Title
	Organisation
	Description
	Ref

	Statistical hypothesis testing using the binomial distribution
	MEI
	A commentary of the underlying mathematics, a sample resource, a use of technology, links with other topics, common errors and questions to promote mathematical thinking.
	H1, H2, H3, H4, H5 and H6

	A ducks story- introducing the idea of testing (statistical) hypotheses
	CAUSE
	A simple story and a worksheet with questions to guide the students. The teaching material is intended to be flexible depending on the time available. Instructors can choose to do just the interactive lecture type, interactive lecture + activity, or even add the optional material.
	H1, H2, H3, H4, H5 and H6 

	Introducing Hypothesis testing
	Wiley
	A full set of class teacher’s notes and lesson plans on hypothesis testing that can be adapted.
All solutions to the examples are given. This goes on to confidence levels.
	H1, H2, H3, H4, H5 and H6

	Test for a Binomial Proportion
	Exam Solutions
	In this video, hypothesis testing for the binomial distribution is introduced along with notation used, one-tail tests and significance levels. The conditions that are needed to consider in order to accept or reject the null hypothesis are also covered.
	H4, H5, H6 

	S2 - Hypothesis Testing - The Population Proportion p, using a Binomial Distribution - Example 3
	MathsAcademyUK3
	Video demonstration of Hypothesis Testing - The Population Proportion p, using a Binomial Distribution - 2 tailed test. Goes into splitting the Significance Level. And using the Critical Values Method. 
	H4, H5, H6

	Hypothesis testing using the binomial distribution
	Geogebra
	Interactive resource representing Hypothesis test using the binomial distribution.
	H4, H5 and H6 

	Hypothesis Testing
	MEI
	A commentary of the underlying mathematics, a sample resource, a use of technology, links with other topics, common errors and questions to promote mathematical thinking.
	H7, H8, H9, H10 and H11

	Testing Hypotheses (Means, Proportions, and Standard Deviations)
	Texas Instruments
	A full lesson dedicated to testing hypothesis using GDC, this includes all the resources needed and teacher notes. Although this resource focuses upon TI graphical calculator, activity could be adapted to alternate GDC or using a combination of graphing software and scientific calculators.
	H7, H8 and H9

	Intro to Hypothesis Testing in Statistics - Hypothesis Testing Statistics Problems & Examples
	mathtutordvd
	Video presentation of using normal distribution model. Part 1. Time spent define Null and Alternate Hypothesis (note this is an American source so Ho and Ha notation used).
	H1, H2, H3, H7, H8 and H9

	Null and Alternate Hypothesis - Statistical Hypothesis Testing - Statistics Course
	mathtutordvd
	Video presentation of using normal distribution model. Part 2. Focuses on definition of Null and Alternate Hypothesis in greater detail(note this is an American source so Ho and Ha notation used).
	H1, H2, H3, H7, H8 and H9

	S2 - Hypothesis Testing - The Mean, µ using a Normal Distribution - Example 1
	MathsAcademyUK3
	Video demonstration of testing the population mean, µ of a continuous variable using the Normal Distribution.
	H7, H8 and H9

	S2 - Hypothesis Testing - The Mean, µ using a Normal Distribution - Example 2
	MathsAcademyUK3
	Video demonstration of testing the population mean, µ of a continuous variable using the Normal Distribution.
	H7, H8 and H9

	Hypothesis Testing - Statistics
	Math Meeting
	Video example of a 2 tail hypothesis test undertaken on a data set modelled as a normal distribution.
	H7, H8 and H9

	Hypothesis Testing Example 1 with CASIO fx 991 ES
	Wei Ching Quek
	Examples of statistical hypothesis tests for data modelled as a normal distribution using Casio fx 991 ES. Can be adapted slightly for alternate calculator models. 
	H7, H8 and H9

	Hypothesis Tests of Mean with Changing Sample Mean
	Geogebra
	Interactive demonstration. 
	H7, H8 and H9

	Why Correlations?
	CPALMS
	A full lesson plan on using the correlation coefficient. Worked examples and assessments are included.
	H10 and H11

	Hypothesis testing with Pearson’s
	ProfNoria
	A video using an example to show how to use Pearson’s product moment correlation coefficient for hypothesis testing. 
	H10 and H11

	Hypothesis testing with Pearson’s r
	statslectures
	A video with a situation and full worked example including calculations for Pearson’s product moment correlation coefficient.
	H10 and H11
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OCR Resources: the small print
OCR’s resources are provided to support the delivery of OCR qualifications, but in no way constitute an endorsed teaching method that is required by the Board, and the decision to use them lies with the individual teacher. Whilst every effort is made to ensure the accuracy of the content, OCR cannot be held responsible for any errors or omissions within these resources. 
© OCR 2017 - This resource may be freely copied and distributed, as long as the OCR logo and this message remain intact and OCR is acknowledged as the originator of this work.
OCR acknowledges the use of the following content: n/a
Please get in touch if you want to discuss the accessibility of resources we offer to support delivery of our qualifications: resources.feedback@ocr.org.uk
We’d like to know your view on the resources we produce. By clicking on ‘Like’ or ‘Dislike’ you can help us to ensure that our resources work for you. When the email template pops up please add additional comments if you wish and then just click ‘Send’. Thank you.
Whether you already offer OCR qualifications, are new to OCR, or are considering switching from your current provider/awarding organisation, you can request more information by completing the Expression of Interest form which can be found here: www.ocr.org.uk/expression-of-interest
Looking for a resource? There is now a quick and easy search tool to help find free resources for your qualification: 
www.ocr.org.uk/i-want-to/find-resources/
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