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MEI) A Level 



Mathematics 



Year 1/AS 



( 



Applied) 








Get the most from this book 








Welcome to your Revision Guide for the Applied 








Mathematics content of the MEI AS Level in 








Mathematics course (OCR Mathematics B). This 








book will provide you with reminders of the 








knowledge and skills you will be expected to 








demonstrate in the exam with opportunities to 








check and practice those skills on exam-style 








questions. Additional hints and notes throughout 








help you to avoid common errors and provide 



a 








better understanding of what’s needed in the exam. 








In order to revise the Pure Mathematics content of 








the course, you will need to refer to My Revision 








Notes: OCR 



B 



(MEI) 



A 



Level Mathematics Year 








1/AS (Pure). 








The material in this book 



is 



also relevant for students 








sitting the MEI 



A 



Level Mathematics exam. However, 








students may prefer to use the Revision Guide for the 








Applied Mathematics content of the MEI 



A 



Level 








Mathematics course (OCR Mathematics B) which 








covers all the applied mathematics needed for the exam. 








Included with the purchase of this book 



is 



valuable 








online material that provides full worked solutions to 








all the ‘Target your revision’, ‘Exam-style questions’ 








and ‘Review questions’, 



as 



well 



as 



full explanations and 








feedback to each answer option in the ‘Test yourself’ 








multiple choice questions. The 



online material 








is 



available 



at 



www.hoddereducation.co.uk/ 








myrevisionnotesdownloads. 








Features 



to help you 



succeed 








Target your revision 








Use these questions 



at 



the start of the two sections 








(one on Statistics, the other on Mechanics) to focus 








your revision on the topics you find tricky. 



Short 








answers 



are 



at 



the back 



of 



the book, but use the 








worked solutions online 



to check each step in 








your solution. 








About this topic 








At the start of each chapter, this provides 



a 



concise 








overview of its content. 








Before you start, 



remember 








A 



summary of the key things you need to know 








before 



you start the chapter. 








Key facts 








Check you understand all the key facts in each 








subsection. These provide 



a 



useful checklist 



if 



you 








get stuck on 



a 



question. 








Worked examples 








Full worked examples show you what the examiner 








expects to see in order to ensure full marks in the 








exam. The examples cover 



a 



sample of the type of 








questions you can expect. 








Hint 








Expert tips are given throughout the book to help 








you do well in the exam. 








Common mistakes 








Your attention 



is 



drawn to typical mistakes students 








make, so you can avoid them. 








Test yourself 








Succinct sets of multiple-choice questions test 








your understanding of each topic. Check your 








answers online. 



The 



online feedback 



will 








explain any mistakes you made 



as 



well 



as 



common 








misconceptions, allowing you to try again. 








Exam-style 



questions 








For each topic, these provide typical questions you 








should expect to meet in the exam. 



Short answers 








are 



at 



the back of the book, and you can check your 








working using the 



online worked solutions. 








Review questions 








After you have completed each of the two sections 








in the book, answer these questions for more 








practice. 



Short answers 



are 



at 



the back of the book, 








but the 



worked solutions online 



allow you to 








check every line in your solution. 

















iv 








At the end 



of 



the book, you will find some useful 








information: 








Exam 



preparation 








Includes hints and tips on revising for the AS 








Mathematics exam, and details the exact structure of 








the exam papers. 








Make sure you know these formulae for 








your exam 








Provides 



a 



succinct list of all the formulae you need 








to remember and the formulae that will be given to 








you in the exam. 








Please note that the formula sheet 



as 



provided by the 








exam board for the exam may be subject to change. 








During your exam 








Includes key words to watch out for, common 








mistakes to avoid and tips 



if 



you get stuck on 



a 








question. 
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worked solutions 
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STATISTICS 








1 



Understand 



the terms 



population 



and sample 








Insert the words ‘population’ and ‘sample’ in 








the correct places in the following sentences. 








Each word may occur more than once. 








Statistical methods use data from a ………………. 








to infer results for the ……… Larger…………s 








tend to be more representative of the ………… 








(see page 6) 








2 



Use simple random sampling 








Describe how to take a simple random 








sample of 40 students from a secondary 








school which has 900 students. 








(see page 6) 








3 



Understand 



sampling methods: 



opportunity 








sampling, systematic sampling, 



stratified 








sampling, 



quota 



sampling, 



cluster 



sampling, 








self-selected 



samples 








A student wants to know why visitors come to 








a town. She asks all the people getting off a 








particular long distance train arriving at the 








town. Which sampling method is this? 








(see pages 6–7) 








4 



Recognise 



possible sources of bias when 








sampling 








An advice centre is only open part-time. The 








leaders want to know whether the opening 








times are suitable for the people who want to 








use the centre. They ask all the people who 








come to the centre one week whether the 








opening times are suitable. Identify the bias in 








this method of collecting data. 








(see pages 8–9) 








5 



Be aware of 



practicalities 



of 



implementation 








of sampling methods 








A marine biologist suspects that the cod in the 








North Sea tend to be smaller than they used 








to be. She wants to take a sample of the cod 








and measure them. Explain why it would be 








impossible to use simple random sampling. 








(see pages 8–9) 








6 



Recognise categorical, 



discrete, 



continuous 








and ranked data 








Which of the words: categorical, discrete, 








continuous, ranked would apply to students’ 








responses to a question about what they ate 








for breakfast that day? 








(see pages 13–14) 








7 



Interpret a bar chart 
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Median full-time gross weekly earnings by sex and age group, UK, April 2015 
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per week 
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17 18 



to 



21 22 



to 



29 30 



to 



39 40 



to 



49 50 to59 60 and over 








Men 








Source: Annual Survey 



of 



Hours and Earnings (ASHE) 



– 



Office for National Statistics 








Women 








Lily says, ‘The graph shows that women’s 








earnings decrease after the age of 39.’ Is Lily 








correct? Justify your answer. 








(see pages 15–16) 








8 



Interpret a dot plot 








The dot plot shows the number of people living 








in each of a random sample of houses in a town. 








5 
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Frequency 








Number 



of 



people 








There were 50 houses in the sample. 








Estimate the percentage of houses in the 








town with two or fewer people living in them. 








(see page 14) 








Target your revision 



(Statistics) 

















2 








Target your 



revision 



(Statistics) 








9 



Interpret a 



histogram 



or 



frequency 



chart 








The following histogram shows the ages at 








which men died in France in 1944. 
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Make two comments about what the data show. 








(see page 26) 








10 



Calculate 



frequencies 



or 



proportions 



from a 








histogram 








The histogram shows the age distribution of 








all residents of Cheshire East at the time of 








the 2011 census. 
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Estimate the total number of people living in 








Cheshire East in 2011. 






(see page 26) 








11 



Interpret a pie chart 








The pie charts below show the percentage 








of the UK workforce employed in different 








sectors in 1992 and 2011. 








Percentage share of workforce by sector, 








April to June 1992 and 2011, UK 








April to June 2011 








April to June 1992 








Source: Labour Force Survey 



– 



Office for National Statistics 








Services 








80% 








Manufacturing 








21% 








Construction 








7% 








Other 4% 








Manufacturing 








10% 








Construction 








7% 








Other 3% 








Services 








68% 








Identify two changes that have taken place 








from 1992 to 2011. 






(see pages 13–14) 








12 



Interpret a 



stem-and-leaf 



diagram 








Two groups of people completed the same puzzle. 








The stem-and-leaf diagram below shows the 








time each person took to complete the puzzle. 
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Key 








8 2 means 82 seconds for group 2 








Compare the times taken by the two groups. 






(see page 16) 








13 



Interpret box plots 








The box plots below show the prices paid for 








houses in two towns in England in June 2016. 
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Compare house prices in Nelson and 








Romford. Make three distinct comments. 








(see page 37) 








14 



Interpret a 



cumulative frequency 



diagram 








The cumulative percentage diagram below 








shows the age distribution of the population 








of Japan in 2016. 
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Estimate the median age in Japan in 2016. 








(see page 40) 
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15 



Recognise symmetrical, unimodal, 



bimodal 








and skewed 



distributions 








The histogram below shows the percentage 








age distribution of Japan. 
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Describe the age distribution. 








(see pages 15–16) 








16 



Interpret a scatter diagram and best fit 








model, describe 



correlation 








The scatter diagram below shows the 








physician density and life expectancy at birth 








for all the countries of the world. A line of 








best fit has been drawn using a spreadsheet. 
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i     



Describe the correlation in the scatter 








diagram. 








ii    



Is the line of best fit a good model for the 








relationship between physician density 








and life expectancy at birth? Give a reason 








for your answer. 








(see page 49) 








17 



Recognise 



outliers and different groups in 








scatter diagrams 








The scatter diagram below shows the 








diastolic and systolic blood pressure in 








mm Hg of a sample of American adults. 
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i     



Identify any outliers in the scatter diagram. 








ii    



For each outlier, determine whether it is 








likely to be the result of an error. 








(see page 50) 








18 



Select or critique data 



presentation 








techniques 








Netherlands 








U.K. 








Spain 








France 








Irish Republic 








Based on the farm-gate value 








of 



unprocessed food 








Origins 



of 



food consumer 



in 



the UK, 2011 








Germany 








Italy 








Belgium 








Denmark 








Brazil 








South Africa 








U.S.A 








India 








Kenya 








China 








Ghana 








Poland 








Chile 








Colombia 








Canada 








Thailand 








New Zealand 








Costa Rica 








Turkey 








Vietnam Others (144 countries) 








i     



What is wrong with the way the data have 








been presented above? 








ii    



Give one way to improve the presentation. 








(see page 14) 








19 



Calculate and interpret 



measures 



of central 








tendency: median, mode, mean, 



mid-range 








A business publishes data on annual earnings 








of its staff as shown in the table below. 








Salary band 



(£) 








Male 








frequency 








Female 








frequency 








21 000–25 000 








9 








9 








27 000–38 000 








7 








5 








40 000–55 000 








10 








2 








60 000–100 000 








1 








0 








i     



Estimate the male mean salary. 








ii    



Estimate the female mean salary 








iii   



Comment on your answers. 








(see page 23) 
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Target your 



revision 



( 



Statistics) 








20 



Use and interpret simple measures of 








spread: range, percentiles, quartiles, 








interquartile range 








Two groups of people completed the same 








puzzle. The stem and leaf diagram below 








shows the time each person took to complete 








the puzzle. 
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8 








2 means 82 seconds for group 2 








i     



For group 1, find the median and 








interquartile range. 








ii    



For group 2, find the median and 








interquartile range. 








iii   



Compare the times for groups 1 and 2 by 








using your calculated values of median 








and interquartile range. 








(see page 36) 








21 



Calculate and interpret variance and 








standard deviation 








A business publishes data on annual earnings 








of its staff as shown in the table below. 








Salary band 



(£) 








Male 








frequency 








Female 








frequency 








21 000–25 000 








9 








9 








27 000–38 000 








7 








5 








40 000–55 000 








10 








2 








60 000–100 000 








1 








0 








i     



Estimate the standard deviation of male 








salary. 








ii    



Estimate the standard deviation of female 








salary 








iii   



Comment on your answers. 








(see page 46) 
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Identify outliers and clean data 








Pulse rates for a sample of adults are 








analysed using software which produces the 








following table of statistics. 








n 








191 








72.1099 








13.9255 








13.9621 








13773 








1030209 








45 








128 








80 








70 








62 








Min 








Q1 








Q3 








Max 








Median 








s 








∑x 








∑x2 








Mean 








σ 








Statistics 








Determine whether any of the pulse rates 








could be considered to be outliers. 








(see pages 46–47) 








23 



Calculate 



probability 



for 



independent 



events 








12% of the population are left handed. Two 








people sit next to each other on a train. 








Assume they are chosen at random from the 








population. What is the probability that they 








are both left handed? 








(see page 62) 








24 



Calculate 



probability 



for mutually exclusive 








events 








Fran is playing a computer game. She has 








a 








1 








3 








 probability of winning each time she 








plays. Fran plays the game twice. What is the 








probability that she wins once? 








(see page 61) 








25 



Recognise situations 



which give rise to a 








binomial 



distribution 








A class of 20 students includes 10 who come to 








college by bus. 5 students will be picked from 








the class at random to take part in a survey. 








Will the binomial distribution with n = 5, p = 0.5 








be a suitable model for the number of those 








picked who travel by bus? Justify your answer. 








(see page 74) 








26 



Calculate 



probabilities 



for a binomial 








distribution 








X B(34,0.3) 








 








. Calculate P(15 








20) 








X 








  



. 








(see page 76) 
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27 



Calculate expected value and expected 








frequencies 



for a binomial 



distribution 








A survey estimates that 5% of the population 








are vegetarians. Assume that this percentage 








is correct. What is the expected number of 








vegetarians in a random sample of 2000 








drawn from the population? 








(see pages 59, 76) 








28 



Calculate 



probabilities 



for a simple discrete 








random variable 








Probabilities for a discrete random variable 








are shown in the table below in terms of a 








constant, k. 








x 








0 








1 








2 








P( = ) 








X x 








k 








3 








k 








5 








k 








2 








Find the value of k. 








(see page 66) 








29 



Understand terminology associated 



with 








hypothesis 



testing 








The significance level of a hypothesis test 








is 5%. Rhys says this means that there is a 








5% chance that the test will give the wrong 








result; this is not quite right. What does a 








significance level of 5% mean? 








(see page 82) 








30 



Know when to apply 1-tail or 2-tail tests 








when setting up a binomial 



hypothesis 



test 








In one area of the country, 55% voted to 








leave the European Union in the June 2016 








referendum. A journalist suspects that 








views in that area have changed so she asks 








a random sample of 100 voters how they 








would vote today. 52 say they would vote to 








leave. She conducts a hypothesis test with 








p 








H : 








0.55 








0 








= 








 where p is the proportion who 








would vote to leave the European Union. What 








should the alternative hypothesis be? 








(see pages 83 and 89) 








31 



Identify suitable null and 



alternative 








hypotheses 



for a binomial 



hypothesis 



test 








A telephone helpline claims that 90% of 








callers wait less than 5 minutes to speak to 








an adviser. An inspector suspects that fewer 








than 90% are spoken to within 5 minutes and 








carries out a hypothesis test using a random 








sample of callers. Write down suitable null 








and alternative hypotheses for the test. 








(see page 83) 








32 



Find a critical region for a binomial 








hypothesis 



test 








The peppered moth has a dark variety and 








a light variety. In one area, statistics from 








five years ago show that there are 20% light 








moths in the area. A biologist thinks this may 








have changed. She will examine a random 








sample of 50 moths to conduct a hypothesis 








test at the 5% level with the following 








hypotheses. 








H 



0:	p 



= 0.2 








H 



1:	p 



≠ 0.2 where p is the proportion of 








peppered moths which are light. 








Find the critical region for the test. 








(see page 91) 








33 



Conduct a 



hypothesis 



test using the binomial 








distribution 



and interpret the results in 








context 








The owners of a plate factory want to 








know whether changes in production have 








decreased the proportion of faulty plates. 








The proportion of faulty plates has been 8%. 








A statistician conducts a hypothesis test at 








the 5% significance level with the following 








hypotheses. 








p 








p 








H : 0.08 








H : 0.08 








0 








1 








= 








< 








 where 



p is the proportion of 








faulty plates. 








The p-value for the test is 1.55%. What should 








the statistician conclude? 








(see pages 84–85) 








Short 



answers 



on page 157 








Full worked solutions online 








CHECKED ANSWERS 
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Chapter 



1 Data 



collection 








About this topic 








Statistical methods are widely used in other subjects and in the workplace 








to gain insight into situations. Increasing use of computers has made 








data easier to collect, store and share; this has increased the potential uses 








of statistics. Working with real data will involve deciding which of the 








statistical techniques you know are appropriate. 








Before you start, 



remember 



… 










l 



Knowing what the mode, median and mean of 



a 



data set are. 













l 



Interpreting bar charts and pie charts. 











Key facts 








1 



The problem solving cycle shows the steps you follow when 








solving a problem. 

















1 



Problem specification 








& analysis 








2 



Information 








collection 








3 



Processing & 








representation 








4 



Interpretation 








2 



When taking a sample, you should ensure that: 










l 



the data are relevant 













l 



the data are unbiased 













l 



the data are not distorted by the act of collection 













l 



a suitable person is collecting the data 













l 



the sample is of a suitable size 













l 



a suitable sampling procedure is being followed. 











3 



Possible sampling methods include the following. 










l 



In simple random sampling, 



every possible sample of a given 











size has an equal chance of being selected. A sampling frame 








is needed. 










l 



In stratified sampling, the population is divided into subgroups 











called strata. A sample is taken from each of the strata. If the 








samples from the strata are proportional to the size of their 








populations then this is called proportional stratified sampling. 










l 



In cluster sampling, 



the population is divided into groups called 













clusters that are likely to be reasonably representative of the whole 








population. The sample is taken from a small number of clusters. 








When working with statistics it is 








important to know what you want 








to achieve at the start so that you 








can collect relevant data. 








This stage will usually involve 








taking a sample from the 








population. 








Clean the data, present it in a 








suitable diagram and do any 








relevant calculations. 








Interpret your 








findings in the 








context of the 








original situation. 








Bias is a systematic error in the 








sampling. 










A sampling frame is a list 








(or equivalent) of the whole 








population. It is not always 








possible to have a sampling 








frame for the whole population. 








A stratum (one of the strata) could 








be males or people in an age 








group – people in each stratum 








are unlikely to be representative 








of the population as a whole. 










A cluster could be people who live in the same town. 








The sampling in each stratum 








is often done by simple random 








sampling. 
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l 



In systematic sampling, the sampling frame is ordered and then 











individuals are chosen at regular intervals. 










l 



In 



quota sampling, the number to be sampled from each 











stratum of the population is decided. This method is often 








used for surveys. 










l 



Opportunity sampling 



is used when a sample is readily available. 













l 



A self-selected sample 



consists of volunteers. 











4 Cleaning data 



includes recognising and dealing with errors, 








outliers and missing data. 








An outlier is a data item that is not consistent with the rest of the 








data. There are some rules for checking whether a data item is an 








outlier but sometimes it is obvious. 








Worked examples 








Example 1 








A researcher wants to investigate the future career plans of A level 








Mathematics students. 








The table below lists six things which may be relevant to the 








investigation. 








Questionnaire 








Measurement 








A level Mathematics 








students in England 








A sample of A level 








Mathematics students 








in Birmingham 








A list of all A level 








Mathematics 








students in England 








A level Mathematics 








students at a revision 








day 








From the table, identify each of the following: 








i 



The population. 








ii 



The sampling frame. 








iii 



An opportunity sample. 








iv 



A cluster sample. 








v 



A possible method of collecting relevant data. 








Solution 








i 



The population is A level Mathematics students in England. 








ii 



The sampling frame is a list of all A level Mathematics 








students in England. 








iii 



A level Mathematics students at a revision day is an 








opportunity sample. 








iv 



A sample of A level Mathematics students in 








Birmingham is a cluster sample. 








v 



A questionnaire is a possible method of collecting 








relevant data. 








➥ 








For example, all the people at a 








meeting. 








The first individual 








in a systematic 








sample is often 








chosen at random. 








The choice of who is 








sampled to fulfil the 








quota is usually left to 








the interviewer doing 








the survey. 








The sampling 








frame could 








be a list of the 








population on a 








spreadsheet. 








Common mistake: 



The 








students in this sample can all 








be easily surveyed at once – the 








students in Birmingham could 








not, so the revision day is the 








opportunity sample. 








Common mistake: 








Measurement can be a way of 








collecting relevant data but not 








in this case – there is nothing 








to measure. 








The researcher would need to 








decide whether he/she wanted 








to investigate students in a 








particular year or over time. 
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collection 








Example 2 








The dot plot below shows the number of mm of rainfall collected by a 








rain gauge in Leeds on each day in July 2013. 








0 








10 








10 








20 








30 








20 








frequency 








mm rainfall 








30 








40 








50 








i 



State the mode. 








ii 



Find the median. 








iii 



Identify an outlier. 








iv 



Is the outlier necessarily a mistake in the data? Explain your 








reasoning. 








v 



The data were collected as part of an investigation into whether 








July in Leeds is getting wetter than it used to be. What other 








data would be needed? 








Solution 








i 



The mode is zero. 








ii 



The median is zero. 








iii 



The value which is about 35 mm is an outlier. 








iv 



No, the outlier need not be a mistake. It is possible to 








have very rainy days in July. 








v 



Rainfall data for Leeds for July for other years. 








There are 31 days in July. If the 








amounts of rainfall were put in 








order, the 16th number would 








be the median. There are over 








20 days with no rain so the 16th 








number must be zero. 








The value which is about 13 mm 








could also be considered an 








outlier 








Outliers can be mistakes in 








the data but they need not be. 








Sometimes a value might be so 








high that it is clearly not possible 








but that is not the case here. 








When choosing a sample, you 








need to know what population 








you are selecting from. In this 








case, it is rainfall in Leeds in 








July over time. 










Advantages 



and 



drawbacks 



of 



sampling methods 








Method 








Advantages 








Drawbacks 








Simple 








random 








sampling 








l 



avoids bias 








l 



probability can 








be used to study 








properties of samples 








l 



needs a sampling 








frame 








l 



may be expensive or 








time-consuming to 








collect the sample 








Most of the days had no rain 










(over 20 days) so this is the mode 
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Worked example 








Example 3 








A journalist on the Avonford Star wants to know what the public thinks 








of a new government policy so he invites people to add comments to 








the Avonford Star website. 








i 



What type of sample is this? 








ii 



Give two reasons why the sample may be biased. 








Solution 








i 



This is a self-selected sample. 








ii 



Possible reasons include the following: 








l 



The sample excludes people who do not read the 








Avonford Star. 








l 



The sample excludes people who do not use the 








internet. 








l 



People may be influenced by seeing other people’s 








comments. 








l 



Only people with strong views are likely to respond. 








Hint: 



Notice that there are four 








possible reasons given here. 








The question only asks for 








two reasons. Any two sensible 








reasons will do. You should not 








give more than two reasons. 








When asked to do something 








in an examination you need to 








follow instructions carefully. 








Hint: 



The people who respond 








decide to do so for themselves 








so they are choosing to be in 








the sample rather than being 








chosen by someone else. This 








makes it self-selected. 








Method 








Advantages 








Drawbacks 








Stratified 








sampling 








l 



ensures all subgroups 








in the population are 








represented 








l 



may be expensive or 








time-consuming to 








collect the sample 








l 



it may be hard to find 








out information about 








which subgroups 








individuals are in 








Cluster 








sampling 








l 



does not need a 








sampling frame 








l 



reduces cost and 








time spent in sample 








collection 








l 



it’s hard to know 








whether the sample is 








representative of the 








whole population or 








whether it is biased 








Systematic 








sampling 








l 



easy and quick when 








a sampling frame is 








available 








l 



needs a sampling 








frame 








l 



could be biased due 








to a pattern in the 








sampling frame 








Quota 








sampling 








l 



ensures all specified 








subgroups in the 








population are 








represented 








l 



it can be biased 








depending on how the 








individuals are chosen 








Opportunity 








sampling 








l 



quick and easy 








l 



the sample may 








not represent the 








population 








Self-selected 








sampling 








l 



quick and easy 








l 



very likely to be biased 
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Test yourself 








1 



A researcher investigating health has a sample of data about adult heights. The data give the height 








and sex of each person but individuals cannot be identified. The height of one man in the sample is 








listed as 6 m. What should she do with this data value? 








A 



She should include it – it would bias the sample to ignore it. 








B 



She should delete it from the data set – it is clearly wrong. 








C 



She should not use the sample – it contains errors. 








D 



She should go and measure the height of the man herself. 








E 



She should realise that it is meant to be 6 ft and use that value for the height. 








2 



A student is investigating how students in his college use their leisure time. He starts with a list of all 








students at the college and looks at male and female students separately. He chooses equal numbers 








of male students and female students at random. Which sampling method is the student using? 








A 



Cluster sampling 








B 



Quota sampling 








C 



Simple random sampling 








D 



Stratified sampling 








E 



Systematic sampling 








3 



A biologist is investigating how many eggs a particular species of bird lays. She visits three sites 








where she knows the birds nest and counts the number of eggs in a random sample of nests at each 








site. What sampling method is the biologist using? 








A 



Stratified sampling 








B 



Simple random sampling 








C 



Quota sampling 








D 



Opportunity sampling 








E 



Cluster sampling 








4 



Which of the following is NOT true of simple random sampling? 
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