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Questions

Q1. 
An estate agent is studying the cost of office space in London. He takes a random sample of 90 offices and calculates the cost, £x per square foot. His results are given in the table below.


A histogram is drawn for these data and the bar representing 50 ≤ x < 60 is 2cm wide and 8cm high.
(a)  Calculate the width and height of the bar representing 20 ≤ x < 40
(3)
(b)  Use linear interpolation to estimate the median cost.
(2)
(c)  Estimate the mean cost of office space for these data.
(2)
(d)  Estimate the standard deviation for these data.
(2)
(e)  Describe, giving a reason, the skewness.
(1)
Rika suggests that the cost of office space in London can be modelled by a normal distribution with mean £50 and standard deviation £10
(f)  With reference to your answer to part (e), comment on Rika's suggestion.
(1)
(g)  Use Rika's model to estimate the 80th percentile of the cost of office space in London.
(3)
(Total for question = 14 marks)



Q2. 
The discrete random variable X has probability distribution

P(X = x) =       x = 1, 2, 3, ... 10
(a) Write down the name given to this distribution.
(1)
(b) Write down the value of
(i) P(X = 10)
(ii) P(X < 10)
(2)
The continuous random variable Y has the normal distribution N(10, 22)
(c) Write down the value of
(i) P(Y = 10)
(ii) P(Y < 10)
(2)
(Total 5 marks)


Q3. 
The time, in minutes, taken to fly from London to Malaga has a normal distribution 
with mean 150 minutes and standard deviation 10 minutes.
(a)  Find the probability that the next flight from London to Malaga takes less than 145 minutes.
(3)
The time taken to fly from London to Berlin has a normal distribution with mean 100 minutes and 
standard deviation d minutes.
Given that 15% of the flights from London to Berlin take longer than 115 minutes,
(b)  find the value of the standard deviation d.
(4)
The time, X minutes, taken to fly from London to another city has a normal distribution 
with mean μ minutes.
Given that P(X < μ − 15) = 0.35
(c)  find P(X > μ + 15 | X > μ − 15).
(3)
(Total 10 marks)



Q4. 
The length of time, L hours, that a phone will work before it needs charging is normally distributed with a mean of 100 hours and a standard deviation of 15 hours.
(a) Find P(L > 127).
(3)
(b) Find the value of d such that P(L < d) = 0.10
(3)
Alice is about to go on a 6 hour journey. 
Given that it is 127 hours since Alice last charged her phone,
(c) find the probability that her phone will not need charging before her journey is completed.
(4)
(Total 10 marks)


Q5. 
Past records show that the times, in seconds, taken to run 100 m by children at a school can be modelled by a normal distribution with a mean of 16.12 and a standard deviation of 1.60
A child from the school is selected at random.
(a)  Find the probability that this child runs 100 m in less than 15 s.
(3)
On sports day the school awards certificates to the fastest 30% of the children in the 100 m race.
(b)  Estimate, to 2 decimal places, the slowest time taken to run 100 m for which a child will be awarded a certificate.
(4)
(Total 7 marks)



Q6. 
Yuto works in the quality control department of a large company. The time, T minutes, it takes Yuto to analyse a sample is normally distributed with mean 18 minutes and standard deviation 5 minutes.
(a)  Find the probability that Yuto takes longer than 20 minutes to analyse the next sample.
(3)
The company has a large store of samples analysed by Yuto with the time taken for each analysis recorded. Serena is investigating the samples that took Yuto longer than 15 minutes to analyse.
She selects, at random, one of the samples that took Yuto longer than 15 minutes to analyse.
(b)  Find the probability that this sample took Yuto more than 20 minutes to analyse.
(4)
Serena can identify, in advance, the samples that Yuto can analyse in under 15 minutes and in future she will assign these to someone else.
(c)  Estimate the median time taken by Yuto to analyse samples in future.
(5)
(Total for question = 12 marks)


Q7. 
A midwife records the weights, in kg, of a sample of 50 babies born at a hospital. Her results are given in the table below.

[You may use ∑ fx2 = 611.375]
A histogram has been drawn to represent these data.
The bar representing the weight 2 ≤ w < 3 has a width of 1 cm and a height of 4 cm.
(a)  Calculate the width and height of the bar representing a weight of 3 ≤ w < 3.5
(3)
(b)  Use linear interpolation to estimate the median weight of these babies.
(2)
(c)  (i)  Show that an estimate of the mean weight of these babies is 3.43 kg.
(ii)  Find an estimate of the standard deviation of the weights of these babies.
(3)
Shyam decides to model the weights of babies born at the hospital, by the random variable W, where 
W ~ N(3.43, 0.652)
(d)  Find P(W < 3)
(3)
(e)  With reference to your answers to (b), (c)(i) and (d) comment on Shyam's decision.
(3)
A newborn baby weighing 3.43 kg is born at the hospital.
(f)  Without carrying out any further calculations, state, giving a reason, what effect the addition of this newborn baby to the sample would have on your estimate of the
(i)  mean,
(ii)  standard deviation.
(3)
(Total for question = 17 marks)


Q8. 
A survey of 100 households gave the following results for weekly income £y.

(You may use ∑ fy2 = 12 452 800)
A histogram was drawn and the class 200 ≤ y < 240 was represented by a rectangle of width 2 cm and height 7 cm.
(a) Calculate the width and the height of the rectangle representing the class 320 ≤ y < 400
(3)
(b) Use linear interpolation to estimate the median weekly income to the nearest pound.
(2)
(c) Estimate the mean and the standard deviation of the weekly income for these data.
(4)

One measure of skewness is .
(d) Use this measure to calculate the skewness for these data and describe its value.
(2)
Katie suggests using the random variable X which has a normal distribution with mean 320 and 
standard deviation 150 to model the weekly income for these data.
(e) Find P(240 < X < 400).
(2)
(f) With reference to your calculations in parts (d) and (e) and the data in the table, comment on Katie's suggestion.
(2)
(Total 15 marks)



Q9. 
A class of students had a sudoku competition. The time taken for each student to complete the sudoku was recorded to the nearest minute and the results are summarised in the table below.

(You may use ∑ fx2 = 8603.75)
(a)  Write down the mid-point for the 9 - 12 interval.
(1)
(b)  Use linear interpolation to estimate the median time taken by the students.
(2)
(c)  Estimate the mean and standard deviation of the times taken by the students.
(5)
The teacher suggested that a normal distribution could be used to model the times taken by the students to complete the sudoku.
(d)  Give a reason to support the use of a normal distribution in this case.
(1)
On another occasion the teacher calculated the quartiles for the times taken by the students to complete a different sudoku and found
Q1 = 8.5    Q2 =13.0    Q3 = 21.0
(e)  Describe, giving a reason, the skewness of the times on this occasion.
(2)
(Total 11 marks)



Q10. 
The time, in minutes, taken by men to run a marathon is modelled by a normal distribution with 
mean 240 minutes and standard deviation 40 minutes.
(a)  Find the proportion of men that take longer than 300 minutes to run a marathon.
(3)
Nathaniel is preparing to run a marathon. He aims to finish in the first 20% of male runners.
(b)  Using the above model estimate the longest time that Nathaniel can take to run the marathon and achieve his aim.
(3)
The time, W minutes, taken by women to run a marathon is modelled by a normal distribution with 
mean μ minutes.
Given that P(W < μ + 30) = 0.82
(c)  find P(W < μ – 30 | W < μ)
(3)
(Total for question = 9 marks)


Q11. 
The random variable Z ~ N(0, 1)
A is the event Z > 1.1 
B is the event Z > –1.9 
C is the event –1.5 < Z < 1.5
(a)  Find
(i)  P(A)
(ii)  P(B)
(iii)  P(C)
(iv)  P(A ∪ C)
(6)
The random variable X has a normal distribution with mean 21 and standard deviation 5
(b)  Find the value of w such that P(X > w | X > 28) = 0.625
(6)
(Total for question = 12 marks)



Q12. 
The time taken, in minutes, by children to complete a mathematical puzzle is assumed to be normally distributed with mean μ and standard deviation σ. The puzzle can be completed in less than 24 minutes by 80% of the children. For 5% of the children it takes more than 28 minutes to complete the puzzle.
(a) Show this information on the Normal curve below.
(2)
(b) Write down the percentage of children who take between 24 minutes and 28 minutes to complete the puzzle.
(1)
(c) (i) Find two equations in μ and σ.
(ii) Hence find, to 3 significant figures, the value of μ and the value of σ.
(7)
A child is selected at random.
(d) Find the probability that the child takes less than 12 minutes to complete the puzzle.
(3)

(Total 13 marks)


Q13. 
The weight, in grams, of beans in a tin is normally distributed with mean μ and standard deviation 7.8
Given that 10% of tins contain less than 200 g, find
(a)  the value of μ
(3)
(b)  the percentage of tins that contain more than 225 g of beans.
(3)
The machine settings are adjusted so that the weight, in grams, of beans in a tin is normally distributed with mean 205 and standard deviation σ.
(c)  Given that 98% of tins contain between 200 g and 210 g find the value of σ.
(4)
(Total 10 marks)



Q14. 
The heights of an adult female population are normally distributed with mean 162 cm and 
standard deviation 7.5 cm.
(a)  Find the probability that a randomly chosen adult female is taller than 150 cm.
(3)
Sarah is a young girl. She visits her doctor and is told that she is at the 60th percentile for height.
(b)  Assuming that Sarah remains at the 60th percentile, estimate her height as an adult.
(3)
The heights of an adult male population are normally distributed with standard deviation 9.0 cm.
Given that 90% of adult males are taller than the mean height of adult females,
(c)  find the mean height of an adult male. 
(4)
(Total 10 marks)


Q15. 
The heights of adult females are normally distributed with mean 160 cm and standard deviation 8 cm.
(a) Find the probability that a randomly selected adult female has a height greater than 170 cm.
(3)
Any adult female whose height is greater than 170 cm is defined as tall.
An adult female is chosen at random. Given that she is tall,
(b) find the probability that she has a height greater than 180 cm.
(4)
Half of tall adult females have a height greater than h cm.
(c) Find the value of h.
(5)
(Total 12 marks)



Q16. 
A manufacturer fills jars with coffee. The weight of coffee, W grams, in a jar can be modelled by a normal distribution with mean 232 grams and standard deviation 5 grams.
(a) Find P(W < 224).
(3)
(b) Find the value of w such that P(232 < W < w) = 0.20
(4)
Two jars of coffee are selected at random.
(c) Find the probability that only one of the jars contains between 232 grams and w grams of coffee.
(3)
(Total 10 marks)
Q17. 
The distances travelled to work, D km, by the employees at a large company are normally distributed 
with D N(30, 82 ).
(a)  Find the probability that a randomly selected employee has a journey to work of more than 20 km.
(3)
(b)  Find the upper quartile, Q3, of D.
(3)
(c)  Write down the lower quartile, Q1 , of D.
(1)
An outlier is defined as any value of D such that D < h or D > k where
h = Q1 − 1.5 × (Q3 − Q1)    and     k = Q3 + 1.5 × (Q3 − Q1)
(d)  Find the value of h and the value of k.
(2)
An employee is selected at random.
(e)  Find the probability that the distance travelled to work by this employee is an outlier.
(3)
(Total 12 marks)



Q18. 
The weight, X grams, of soup put in a tin by machine A is normally distributed with a mean of 160 g and a standard deviation of 5 g. A tin is selected at random.
(a) Find the probability that this tin contains more than 168 g.
(3)
The weight stated on the tin is w grams.
(b) Find w such that P(X < w) = 0.01
(3)
The weight, Y grams, of soup put into a carton by machine B is normally distributed with mean μ grams and standard deviation σ grams.
(c) Given that P(Y < 160) = 0.99 and P(Y > 152) = 0.90 find the value of μ and the value of σ.
(6)
(Total 12 marks)


Examiner's Report

Q1. 
Most could find the correct width in part (a) but the height calculation is still causing problems. The common error was to compare frequencies rather than frequency densities and an incorrect answer of 3 was fairly common. Part (b) was answered well by the majority of students with very few cases of students using (n + 1) and most choosing to work upwards from 45 rather than down from 50. The interpolation technique is understood but there were still a number of errors made in determining the appropriate class boundaries with 44.5 being used instead of 45 quite often.
As expected, part (c) was answered very well by the majority of students but there were still some who simply added the 5 midpoints and divided by 5 which is disappointing for students at this level. Many students didn't seem to be familiar with the convention that answers involving money should be given to 
2 decimal places and some lost a mark for simply writing down £49.1 without any correct working being seen. There were many fully correct answers to part (d) as well, but some forgot to use the square root and a number lost accuracy by using 49.1 or the mean rather than the full expression.
In part (e), all that was required was a simple comparison of Q2 with  but a number used a formula for skewness and that was, of course fine. The expected conclusion was that there was very little skewness since Q2 ≈  but many concluded that since  > Q2 there was positive skew and this was allowed. The idea of using a normal distribution to model these data being an acceptable approach because there was only a little skewness was not appreciated by many students who simply trotted out a standard response that a normal was not a suitable model because the data was skew. Students should be encouraged to consider the magnitude of the skewness and realise that, with such a small amount of skew, to model the situation with a normal distribution may be a reasonable thing to do. Some students completely missed the need to reference part (e) in their answer to part (f) and simply compared their mean and standard deviation to Rika's values of £50 and £10. The final part (g) defeated many students despite being a fairly standard normal distribution question, presumably because it was not part of the question on the normal distribution. The three common errors were: standardising with their mean and standard deviation rather than the given values of 50 and 10, equating  to a probability rather than a z-value or using 0.84 rather than 0.8416 from the percentage points tables.


Q2. 
Some students could not recall the name of the distribution for X with several students calling it the discrete distribution rather than the discrete uniform distribution. The probabilities in question (b) were usually tackled well with only the less able students giving answers of 1 and 9 rather than 0.1 and 0.9. Question (c)(i) was challenging for a few but question (ii) was answered more successfully.


Q3. 
The normal distribution was handled well by most candidates on this paper. Part (a) caused few problems although some candidates failed to subtract their tables' value from 1 and most made good progress in part (b) too although some failed to use the table of percentage points of the normal distribution and had a z value of 1.04 or 1.03 rather than 1.0364. Part (c) was more challenging requiring the identification of a conditional probability and then the correct evaluation of the numerator using the symmetry of the distribution but there were a good number of correct responses seen.



Q4. 
A small minority were still unsure whether the final answer was 0.9641 or 1 − 0.9641. There were 3 common sources of error in (b). Some candidates simply set their standardised expression equal to 0.1 or 0.5398 and lost all 3 marks. Others realised that the standardised expression should be set equal to a z value but did not use the percentage points table and lost a mark. The final problem was choosing the correct sign on their z value and a number of answers of 119 were seen. Some candidates gave an answer of 80.776… from their calculators and gained all 3 marks.
(c) was not answered well and most attempts did not notice the usual prompt (the wording "given that…") and thus did not attempt a conditional probability. Common solutions were simply a calculation of 
P(L > 133) or P(127 < L < 133).


Q5. 
Part (a) was tackled well by the majority of candidates although some were still unsure whether to give the answer as 0.7580 or 1 − 0.7580. There were a surprising number who mis-read the 16.12 value as 16.2 and lost the final accuracy mark.
In part (b) a number of candidates are still not using the table of percentage points to obtain the more accurate z value of 0.5244 but, as usual this only incurred a one mark penalty. Those who standardised and equated to a z value often failed to consider the sign of this value carefully and obtained the commonly seen answer of 16.96.


Q6. 
This was the most challenging question on the paper. Part (a) was a simple use of the normal distribution and most students scored full marks here. A sizeable group though standardised correctly but then confused the two tables and wrote down the z-value corresponding to a probability of 0.4 (i.e. 0.2533) and used this as their probability. There were also a number of cases of students miscopying the tables and 0.3466 instead of 0.3446 was seen quite frequently. The usual errors of standardising with 52 or  were very rare though a number were still unsure whether or not to subtract their tables figure from 1.
In part (b), few wrote down a conditional probability statement but launched straight into a ratio of probabilities. This was fine if the ratio was correct but, whilst most had P(T > 15) = 0.7257 on the denominator, those who thought the numerator was simply P(T > 15)×P(T > 20) would score no marks. Those who did have a correct numerator were often able to score all of the marks here. Part (c) proved too demanding for most students and only a few of those who eventually arrived at a correct answer did so from a clearly argued solution. Some students assumed that linear interpolation was required and made no headway. Very few started by considering a conditional probability but some did realise that they required the value d such that P(T > d) = 0.5 × 0.7257 and some then realised they were trying to find d from P(T < d) = 0.63715. Those who got this far usually realised that they needed to use a z-value of 0.35, though some did not know how to deal with a probability in-between two values in the tables and simply took the midpoint, and were able to form a correct equation and arrive at the correct answer but under 10% scored full marks on this question.



Q7. 
The comment requirements in parts (e) and (f) made the latter stages of this question quite demanding but many were able to pick up marks in parts (b), (c) and (d). In part (a) most identified the width as 
0.5 cm but, as usual, the height caused some difficulties. A number of students still seem to think that the height represents the frequency and some managed to make the statement that 4 cm2 represents 8 babies but were still unable to use this to find the correct height.
The linear interpolation in part (b) was usually carried out very well but a few used the midpoints or made errors with class boundaries or used incorrect cumulative frequencies such as 10 or 27 instead of 9 
and 26.
In part (c)(i), some students did not show how to use the midpoints to find ∑ fx, simply using the value of 171.5; a "show that" question always requires a full explanation of the method used. More students now seem to know a suitable formula for standard deviation but some are still a little uncertain about whether or not a square root is required and some wasted time by calculating ∑ fx2 (not always successfully) rather than using the value given in the question.
Part (d) was a simple normal distribution probability calculation and the success rate amongst students with this standard application has improved considerably. A small minority are still uncertain about whether or not to subtract the value from the tables from 1 but there were many fully correct responses to this part
In part (e), a number made a correct observation about the mean and median and possible skewness and could relate this to the suitability of using the normal distribution. Far fewer, though, were able to compare their answer to part (d) with the equivalent proportion from the table and so missed out on the other two marks. In part (f), most stated that the mean would not change and often gave a correct reason for this but fewer knew that the standard deviation would decrease and fewer still were able to give a convincing reason to support this.


Q8. 
In (a) there is still some uncertainty about the concept of histograms. Most candidates could find the width of the required bar but a number still failed to consider frequency densities to find the height. Some attempts were on the right lines but used the interval [240, 320); others assumed height was linked to frequency alone and 4.5 cm was a common incorrect answer. There has been a clear improvement in the use of interpolation to calculate the median in recent sessions and many had  × 80 (with only a small minority using 10.5 instead of 10). The common error was to use 239.5 rather than 240 as the class boundary but there were many fully correct answers seen.
The calculation of the mean in (c) was usually correct but the standard deviation still causes difficulties for some who failed to use a correct formula.(d) was straightforward although some failed to secure the second mark because they did not give a description (e.g. "positive") of their skewness.
In (e) the insertion of a normal calculation in this context seemed to fox some candidates but many were able to carry out this routine calculation correctly. However the interpretation in (f) was not answered so well. Some drew the connection between their answer to (e) and the proportion in the table and deduced that a normal distribution was reasonable (over this range). Slightly more focussed on the fact that in (d) they had stated that the distribution was skewed and therefore a normal distribution was probably not a suitable model (overall) but few were able to marry these statements up and secure both marks.



Q9. 
Part (a) was, unsurprisingly, answered very well and most candidates were able to use the mid-points to find the mean in part (c). The calculation of standard deviation is still causing problems though: an incorrect formula, premature rounding and forgetting the square root were the typical errors. The technique of interpolation required in part (b) is now better understood but incorrect class widths still caused problems here. A common response to part (d) was to simply state that the data was continuous rather than using the calculations they have just performed in parts (b) and (c).
Part (e) was usually answered well with most using Q3 − Q2 > Q2 − Q1 but a small minority gave the wrong conclusion despite giving the correct comparison.


Q10. 
Overall, the standard of work on the normal distribution was much better compared to previous years. Most students now standardise correctly, although the notation is not always handled well, and the distinction between probabilities and z-values still causes problems for some students.
Part (a) was answered well by most students but fewer secured all 3 marks in part (b). Some used a z-value of 0.84 rather than the more accurate value of 0.8416 from the percentage points table. The other problem was a misunderstanding about the concept of "high performance". To finish in the top 20% of runners, Nathaniel would be aiming for an answer less than the mean of 240 minutes. A number of students made a sign error and obtained an answer of 274 minutes and failed to realise that this must be incorrect.
Part (c) caused difficulties for many students. The best and simplest solutions were based on a diagram and appropriate use of symmetry. Others used their definitions of conditional probabilities but were unable to identify that their numerator of P([W < 30 – μ ]∩[W < μ ]) simplifies to P(W < μ – 30) and often tried multiplying two probabilities to obtain the numerator. A significant minority of students did not attempt this part but this appeared more to do with the difficulty of the question as opposed to an issue of time.


Q11. 
Students who had been taught to use a diagram alongside the normal distribution tables were often able to make good progress in part (a). In part (ii) the common error was to find 1 − 0.9713 = 0.0297 and some mis-read the tables in the first two parts with answers of 0.1335 being quite common for (i). A clear diagram was usually a great help in part (iii) and there were a good number of correct answers here but part (iv) caused some problems. Some tried to use the addition formula given in the formula booklet but thought that P(AC) was P(A) × P(C) and the incorrect 0.8845 was common. Those who were able to interpret AC in terms of the inequalities could simply write down P(Z < 1.5) and hence find the correct answer from the tables.
Part (b) proved to be a good discriminator but many students failed to make progress due to poor handling of the notation or an inability to interpret the conditional probability. Most realised that at some stage they would need to standardise and find P(X > 28) but this was often the only mark scored. Those who realised that the given probability statement reduced to  = 0.625 were usually able to make significant progress, the difficulty for many was appreciating that P([X > w]  [X > 28]) = P(X > w). Once they had got as far as P(X > w) = 0.625 × 0.0808 or P(X < w) = 0.9495 they were usually able to standardise and set equal to 1.64 and solve for w. Some used 1.6449 instead of 1.64 but this only cost them 1 mark and a reasonable number of correct answers were seen.
The notation for the normal distribution is still not handled well by many students at this level and there was a clear difference between those who gave a correct and rigorous argument leading to 29.2 and those who stumbled their way through despite several "nonsense" statements to arrive at the correct answer. This time the mark scheme did not differentiate between them but this is an area that the examiners should aim to address in future.
Q12. 
A number of students failed to label their diagram correctly in question (a) and a few gave an answer of 25% for question (b) but there was plenty of fully correct answers here. There were many correct answers to question (c) but although many used the value of 1.6449 for the equation based on 28, they only used 0.84 (rather than 0.8416) for the other equation. Question (d) was a relatively straightforward application of the normal distribution and even those with incorrect answers from question (c) could secure the method marks here.


Q13. 
As usual the normal distribution posed serious problems for some candidates. There were two major reasons for lost marks. The first was a failure to use the table of percentage points of the normal distribution where appropriate and many candidates lost marks for using z values of 1.28 or 2.32 or even 2.33 rather than the 4dp values available. The second problem is a fundamental one of understanding where candidates confuse probabilities (areas) with z values (points on the horizontal axis).
In part (a) many could standardize correctly and often set their expression equal to a suitable z value but often there was a sign error and this led to an answer of 190 for the mean. Other candidates stated that the mean was 210 which was correct but this didn't follow from their equation and accuracy marks will not be awarded in such cases. Part (b) was more straightforward and provided a correct mean was found in part (a) full marks were usually obtained. Many left their answer as a probability rather than the percentage asked for in the question but this was condoned on this occasion. The final part proved quite challenging. Some drew a diagram but were unable to represent the information in the question in a useful way. Others tried subtracting two standardizations and ended up with  = z which was of little use to them. Those who realized that just using the value of 210 along with the mean of 205 and z = 2.3263 was all that was required usually formed a simple equation for σ and were able to solve it successfully.


Q14. 
Most candidates now can standardise with confidence but there is still some confusion when using the tables for negative z values and a number of candidates are still not clear about the difference between a probability (area under the curve) and a z value (the point on the horizontal axis). The notation is still not handled well and statements such as "P = −1.6" or "0.4 = 0.2533" are often seen as candidates stumble towards a correct answer.
In part (a) the majority gained the first 2 marks for standardising and arriving at a correct value for z but many lost the final mark for subtracting 0.9452 from 1. A clearly labelled diagram may have helped them avoid this error. In part (b) some were confused by the reference to 60th percentile and simply found 60% of 162. Whilst many could standardise correctly equations such as  = 0.6 were quite common. Those who did realise that  should be set equal to a z value often used 0.25 rather than the more accurate 0.2533 available from the table of percentage points. 
Similar problems arose in part (c) and there was the added complication of obtaining compatible signs for a correct equation. Some candidates made double sign errors when solving  = 1.2816 to arrive at an answer of 174 and this lost the accuracy marks as their answer did not follow from their equation. The use of ± 1.28 was condoned here if the candidates had already lost a mark for using 0.25 rather than 0.2533 in part (b).

Q15. 
Most students standardised correctly although the notation, and especially the distinction between probabilities and z values, was not handled well.
In question (a) a small minority are still unclear when and when not to subtract the value found in the tables from 1.
In question (b) many found P(H > 180) but they did not appreciate that question (b) wanted a conditional probability and so just left their answer as P(H > 180) instead of dividing this by their answer to question (a). Some of those who did identify the conditional probability could not interpret their numerator 
P(H > 180 ∩ H > 170) correctly and simply wrote P(H > 180) × P(H > 170) .
Question (c) was often not attempted but those who did could usually obtain a probability of 0.0528 for P(H > h). Unfortunately a number of students then used a rounded probability of 0.05 and therefore a 
z value of 1.6449 rather than the correct value of 1.62. Standardising and forming a suitable equation for h were usually accomplished correctly by those who reached this stage and the correct answer was seen from a number of students.


Q16. 
It was pleasing to see fewer blank pages than in the past although full marks were rarely gained for this question. Part (a) was answered well, if it was incorrect it was usually because candidates standardised with 25 as the standard deviation instead of 5 or did not subtract their probability from 1.
Part (b) was less well done and very few drew a diagram which helped with the areas and probabilities. Those who knew what to do often forgot to use the percentage points table and it was rare to see 
z = 0.5244 used. Some candidates used probabilities instead of z values, and some used the z value of 0.8416, although sign errors were few.
Part (c) was challenging for a large number of candidates and was not attempted if they had struggled with the earlier parts. The value of 0.16 was often seen in the scripts of those who tried it, ignoring the different ways of selection. Some candidates tried using the normal distribution to solve this part, or used values from part (b) such as 0.5793 in their work with lots of elaborate wrong calculations. Those who drew a tree diagram usually scored full marks.



Q17. 
This question proved to be quite challenging for a high proportion of candidates. A significant number either made no attempt at the question or offered very little in the way of creditable solutions, with many unable to progress beyond part (a). Time issues may have been a contributing factor in some cases.
The majority of candidates however, were able to earn some credit at least in part (a), for their standardisation, although whilst this was often completely correct, a fairly common mistake was to give 1−0.8944 = 0.1056 as their final answer.
Many students did not recognise that they needed to actually use the normal distribution in part (b) and part (c), giving rise to extremely poor attempts by numerous candidates. Of these, many merely gave 45 and 15 as their quartiles, whilst others calculated ¾ of some value as their upper quartile (for example 
¾ × 60) and ¼ of the same value as their lower quartile. Alternatively, of those who understood that they were required to use the normal distribution, most attempts were successful, though there were some instances of their setting their standardisation equal to a probability, usually 0.75 or P(Z < 0.75), and not a z-value. Unfortunately 0.68 was used fairly frequently as the z value. The majority of candidates were however able to follow through their value of the upper quartile to find their lower quartile using symmetry, though some performed a second calculation involving standardisation. Some candidates miscalculated their lower quartile as 1/3 of their upper quartile.
Despite previous errors most candidates tended to be successful in substituting their values correctly into at least one of the given formulae. However, a few seemed unaware of the order of the operations.
The final part of the question also proved difficult for many candidates with some running into trouble as a consequence of previous errors in part (b), part (c) and part (d) and others providing no attempt at all. Indeed, for numerous candidates, incorrect values for h and k led to probabilities of 0 being calculated from results such as P(Z > 7) and thus many creditable attempts lost marks through earlier inaccuracies.


Q18. 
Part (a) was answered well and it was good to see diagrams being used to assist the candidates. Part (b) still causes problems for many candidates. They can usually standardise but then far too often equate this expression to 0.01 or 0.99. Those who did use a z value often used the "small" table and found the 2.3263 value but the minus sign was often missed and the final answer was therefore incorrect. Most seemed to try part (c) and the standardising was usually correct and suitable z values were often seen (use of 2.32 or 2.33 and 1.28 were acceptable here) but, when suitable equations were formed, a minus sign was often missing from the second equation. Solving their two linear equations was carried out quite well but full marks were only secured by those who worked carefully and accurately throughout this part.
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Question

Rt Scheme Marks
@ Bl
Areas: 16 cm’ represents 32 offices (0.e.) or their J pust
Al
©]
®) =®4 MI: Al
@
- 442 M1, Al
(©) =(£)49.11 (orbetter) (Allow ks 49%)
@
@ J1068487 103367 =awr (£)103 ML Al
@
(&) | Mean ~ median so distribution is symmetric (no skew or very little skew) Blft
[Allow mean > median or k(¥ - 0,) (k>0) so +ve skew if compatible with
their figures] [If using quartiles we must see 01 = 44.0 and Qs = 55.5 used]
(&)
(8 | Symmetsic  or little skew) so normal (or Rika's suggestion) may be suitable | BIft
(&)
@ [N.B. use of (1 - 0.8416) is B0] | M1.BL
=(5)3842  awnt 584 Al G
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Notes

(@) [ M1 for a correct calculation of areas 1 car
Al forh=15cm (Correct answer only 212)

2 offices (0.0

(B) | M1 for a correct expression without end point. Allow “7 + 1”7 s0 e.g. (45)+
Al ford9 or,if (n+ 1) used, allow 49.1 (Correct answer of 49 only 2/2)

© | M1 for an attempt at 22 with at least 3 correct products of 3" or 4000= 3" f <5000
Al for 49.11 (Allow 49.1 from correct working) (Corvect answer only 22, 49.1 oy MIAO)

(@) | M1 fora correct expression including « . ft their mean.  Allow use of 5

Al for awrt 10.3 Allow s = awrt 10.4 if clearly used. [NB use of 49.1 gives 10.389 = A0
(Correct answer of 10.3 with no working s 212

(&) |Blft for reason and “symmetric” (or other correct) statement [Allow positive skew]
Allow ft of their (b) and their (c). For “symmetric” need [T~ 0, <1 “correlation” is B0

( |BIft Suggest normal is or isn't suitable with suitable reason based on (<) or mean and med

(2) | M1 for stand"ing using “c”. 50 and 10 and setting equal to + = value where 0.84 <z <0.85
Bl forusing =2 0.8416 or better (calc gives 0.8416212...) in standard" atiempt e.g. 0 for 10
Al for awrt 58.4 (accept 3sf here) (Ans only of awrt 58.4 is MIBOA1 but 58.416 or better is 3/3)
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Question

3 Scheme Marks
Number
(a) | (Discrete) Uniform B1
@
®) 1
@ PE=10)= 15 Bl
9
@ PE<10)= = BI
@
©| O Pr=10)=0 B1
1
@PF<10=7 Bl
@)
[ Total 5]
Notes
(a) | BI for seeing the word uniform

Condone “continuous” uniform
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Question

Marks

(@)

®)

©

[P(M<145) M1

P(Z<-05) or P(Z>0.5) Al
awrt 0309 Al ()

115-100

[P(B>115)=0.15=]

0364 MiBI1AL
(Cale gives 1.036433...)

d=145  (Calegives144727.) [A1 (4)

P(X > p+15)

P(X> p+ 15| X> u—15)
FE e i g P(X>pu-15)

M1

= Al

éwlm10,53i YT

[10]

Notes

@

)

Cale

(©

Condone poor use of notation if a correct line appears later.

M1 for standardising with 145. 150 and 10. Allow * and use of symmetry so 155 instead of 145
1* Al for P(Z< - 0.5) or P(Z>0.5) i.e. az value of £ 0.5 and a correct region indicated
Al forawrt 0.309 Answer only is 3/3

ML for #5520 =2 where > 1 Condone MR of = 150 instead of 100 for MIBlonly

Bl for astandardised expression =+ 1.0364 (do not allow for use of 1 - 1.0364)
1% Al forz=awrt 1.04 and compatible signs i.c. a correct equation with z = awrt 1.04
2 A1 forawrt 145 (allow awrt 14.4 if 2 = awrt 104 is seen)

Answer only of awrt 14.473 scores MIBIAIAL

Answer only of awrt 14.48 scores MIBOAIAL

M1 fora comect ratio expression need P(X> 4+ 15) on numerator. Allow use of a value for s
May be implied by next line.
0.35x0.65 _0.22
0.65 0.65
1" Al for a comect ratio of probabilities
2™ Al forawrt 0538 or 4 (0.e). Allow 0.5385 provided 2% Al is scored.

is MO
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Question
N Scheme Marks
127-100 a5
@ is
SoP(L>127)=P(Z>18) or 1-P(Z<18)oe. Al
1-09641 (awrt 0.0359) Al
[©]
| 21012816 (Caleulator gives ~1.2815515...) M1, B1
d= 80776 (awrt 808) Al
3)
(© | Require P >133|L>127) M
PEL>133)]_PEZ>22
B B a
P(L>127)] P(L>127
_[1-09861]_ 00139 -
1-0.9641] [0.0359]
=03871.  =awrt 0.39 Al
@
S.C. | Anattempt at P(Z < 13| L > 127) that leads to awrt 0.61 (MOM1A0A0)
10
Notes
@) | M1 for attempting to standardise with 127, 100 and 15 . Allow =
1Al forZ>18. Allow a diagram but must have 1.8 and correct area indicated.
Must have the Z 5o P(Z > 127) with or without a diagram is insufficient. May be implied by 0.0359
24 Al for awrt 0.0359 (calc. gives 0.035930266...). Correct ans only 3/3. M1AOA1 not poss.
(b) | M1 for an attempt to standardise with 100 and 15 and set = + any = value (| > 1)
Bl forz=1+ 12816 (or beter) seen anywhere [May be implied by 80.776(72...) or better seen]
Al forawrt 80.8 (can be scored for using 1.28 but then they get MIBOA1)
The 50.8 must follow from correct working.
Calc | Ifanswer is awrt 80.8 and awrt 80777 0r 80.776... or better seen then award MIBIA1
If answer is awrt 80.8 or 80.77 then award MIBOAI (unless of course z = 1.2816 is seen)
(© | 1*M1 for clear indication of correct conditional probability or attempt at correct ratio
So clearttempt at P12 g sufficien for the 1M1
P(L>127)
2 aM1 dependent on 1% M1 for P(L > 133) leading to P(Z > 2.2).
T AL for 0.0139 or better seen coming from P(Z > 2.20). Dependent on both Ms
2 A1 for awrt 0.39. Both Ms required
ALT | If they assume Alice did not check that the phone was working you may see

[P(L< 127).0] + (L > 127) P(L > 133 L > 127) Provided the conditional probability is seen
as part of this calculation the 1 M1 can be scored and their final answer will be 0.0139(4/4)
An answer of 0.0139 without sight of the conditional probability is 0/4.
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Question
ety Scheme Marks
-16.12 M1
@ SN LS LIE PR
16
P(Z<-0.70)=1-0.7580 M1
=02420 (awrt 0.242) | Al
[©]
® | [B(T<1)=0.30 implies] = e =054 Lt
_16.12
% 05244 = t=1612-16x"0.5244" | M!
£=awrt 1528 (allow awrt 15.28/9) | Al
@
7
Notes
‘Allow slips e.g. 16.2 for 16.12 for 1" M1 in (a) and (b)
(a) 1"M1  for standardising expression with 15, 16.12 and 1.6 - allow +
2MI for 1 - a probability (> 0.5) from tables or caleulator based on their standardised
value
Correct answer only scores 3/3
In part (b) they can use any letter or symbol instead of 1
1M1 for standardising with 1 (0.¢.), 16.12 and 1.6, allow . and setting equal to a =
® e
1®Al  for an equation with z = + 0.5244 or better
J1612
5 ;:1 £0.52(0r 0.525) scores M1 (but A0)
2% M1 for solving their linear equation as far as £ = a + bx 1.6, Not dependent on 1%
M1
11612 = ’
8. solving "% =03 0 give £ =16.12+1.6x0.3 scoresthis M1
1-1612 : 3
Allow =03 to give 1=16.12+1.6"x0.3 to score M1 too
2 A1 dependent on both M marks. Allow awat 15.28 or awat 15.20

Condone awrt 15.3 if a correet expression for 1= .. is scen.

Answers with no working:

15.28 is MIAIMIAL 1529 is MIAOMIAL, 15.3 is MIAOMIAO
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Question

Rt Scheme Marks
N (,_20-18)
@| [PT>20=]P| z>=—| M1
P(Z>0.4)=1-0.6554 M1
=0.3446 or awrt 0345 | Al
©]
P(T >20)
R P(I'>20|T> 15 R i)
(b) | Require P( | ) ot S M1
@ @ _T0346" 0345 ML ALE
P(Z> P(Z>-06) 07257 — 0726 h
=047485. =awrt 0475 | Al
@
© |P(T>d|T>15)=05 o P(I'<d|T>15)=05 M1
P(T>d)or P(I15<T<d)=05x"07257"=[036285] | Alft
P(T<d)="063715" | M1
So 9228 1035 (calculator gives 035085...) Al
d=19.754... =awst 193 Alcso
(Accept 19 mins 43(sees) or 19:45 but 19.45 is AD) ©)

2]
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Notes

@

()

©

Beware!

T*MIfor standardising with 20, 18 and 5. Accept =
24 M for attempting 1 — p [where 0.5 < p <0.7]. Beware 1 - 0.4 (or their z valuc) is MO
Al forawrt0345 (Correct ans only 3/3)

1M1 for either correct conditional probabiliy statement (allow “in words™ or any letier except 2)
1 M can be implied by 2 M1 so a mark of MOMI should not be given
24 M for using their (a) on num. and attempting fo standardise P(T> 15) (ao + Jon denom.
Num >Deno. is M0
Allow one digit transcription errors from (a) e.g. 0.3464 or 0.3466 etc for 2 M1 and 1* Alft
1% Alfe for their 0.3446 on numerator and denominator of 0.7257 (or better: 0.7257469...)
provided Num < Denom. Allow 0.726 on the denominator
Sightof  —02H0 iy core MIMIALR
0.7257 o1 0.726
24 A1 for awrt 0475

M1 for a correct condifional probability statement that includes the 0.5
1¥Alft for P(T>d) or P15 < T<d) =0.5 x their (> 15) [provided P(T> 15) > 0.5]

Follow through (3sf) their P(T'> 15) = 0.7257 or better from past (b). (Allow 0.726)

Sight of 0.5 their 0.7257 = “0.36285” or better scores 1* M1 and 1* Alft (Allow 0.363)

2% MI (dep on 1% M1) for P(T'<d) = 1~ 0.36285" or “0.36285" + 1 - “0.72

[0.6371-0.6372]

Sight of their 0.63715 or better (calc: 0.637126....) scores first 3 marks (Allow 0.637)

d-18

A1 for

=0.35 (or better) (Cale could give 0.350788...)

39 Aleso for (d =) awrt 19.8 (accept 19.7 not awst 19.7) Must come from correct work

0.5x0.7257=0.36285 and using this (instead of 0.35) as z value leads to 19.8 but is AOAQ
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Question

Number Scheme Marks
(a) | Width = 0.5 (cm) BI
e.g 4[cm’] represents 8 babies or frequency densities are 8 and 34 Yt
Height=17 (cm) | Al
€]
(25-9) (2’ 24) "
b) e %05, x0.5 = awrt 3.47 (all MI1. Al
m|[e=] 3+ 59 53— %) aw (allow ) .
@
(©G) | T fr=1x1+25x8+325x17+3.75x17+4.5x 7 =17L5 ;:%:13 43) () | Bleso
611375 =0.680147. =awrt 0.680 (Accept 0.68) | M1, Al
€]
—043
) —— [I=P(Z <=~ 0.6615. M1
@ <es IR )
=1-0.7454 (tables) vit
=0.2546 awrt 0.254-0.255 Al
€]
(&) | (b) and ()(i) mean = med or skew or mean~ median or no skew and comment | B1
(d) =0.254 or 0.255 compare data = 0.18 (or 12.7 compared with 9) Bl
0.18 different from 0.25 so normal not good or 0.18 similar to 0.25 so normal is OK | dB1
€]
(D) | No change in mean (since weight is the same) Bl
(i) | s.d. will decrease (Extra value is at “centre” so data more concentrated) Bl
Both statements correct and correct reasons for each dBl ()

[17 marks]
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Notes

@

(b)

©G)
(i)

(@)

©

®6)
(i)

MI
Al

M1
Al

Blcso

M1
Al

1M1

Tor clear representation of area with frequency or heightxwidth = 8.5
for 17 (cm) [Maust be clear i is height not frequency] (Ans only must satisfy frxw=8.5)

for :—:xo 5 orifusing n+ 1 for ‘f—7’xo 5 Maysee 7%x0 5 if working down
for awrt 347 (or £ [check from correct working] or (if using (n + 1) for 3.485 or awrt 3.49)

& 1715
or

for Tfi (at least 3 correet & no incorrect products seen) and correct %

for a corect expression including square root. Must use 3.43 no ft
for awrt 0.680 (accept 0.68). Allow use of s = awrt 0.687 (Ans only 212)

for an attempt to standardise with 3., 3.43 and 0.65. Allow + and also use of their sd

2MI for 1 - p where 0.74 < p < 0.75 NB calculator gives 0.7438663

Al

1Bl
2By
34 dB!

1" Bl
2By
3% dB!

for awrt 0.254 or 0.255

for a statement about mean/median and compatible comment about normal
for statement comparing their (d) with data (sight of 0.18 or 12.7 and 9 required)
1 dep on 2* B1 for conclusion about normal compatible with 2* statement

for no change in mean {send a correct argument for decrease fo review}
for s.d. decreases

1 dep on 1* and 2 Bs for a correct reason for both mean and sd.
- MR~ - T
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Question
s Scheme Marks
@ | Width = 4 (cm) Bl
Area of 14 em” represents frequency 28 and area of 4} represents 18 M1
4h_14
=== (o= 25 (m) | Al
18"z O :
@
®|m %80 (0.) M
=27636.. (¥2) (D276 <m < (£)276.5) A1
e @
©| Y fr=31600 leading to y =316 Mial
=157.07.. awrt 15D Allow s =157.86 MiAl
@
(@) | Skewness = 0.764. (awrt 0.76 or0.75) B
[ +1 used in (B) and m = £278 accept awrt 0.73 or 0.72]
Positive skew BIRt
&)
80
=t Ml
© T
P(240< X < 400) Al
@
(® | (e) suggests a reasonable fit for this range BUT B210
(d) since skew it will not be a good fit overall @
15
Notes
@ |BI for width (ignore units)
M1 for clear method using area and frequency or their width x their height = 9
e.g seeing both fd of 0.7 and 0.225 (may see fd in the table) [Must use correct interval]
5
® M for 22150 or 22250 (o). Allow use of 1+ 1) leading t0 £278 18...or [278, 278.5)
Al Do not award if incorrect end-point seen but answer only is 2/2
(c) [ 1M1 attempt at ) fy with at least 3 correct products or ans. that rounds to 30 000 (to 1 sf) &/100
24M1  for comrect expression including v/ Follow through 7 - Need Y /7 correct but
condone a minor transcription error e.g. 12458200
(@ | 1"B1  forawrt 0.76/0.75 for m = £276 or awrt 0.73/0.72 for m = £278
2BIft fora correct description of their skew based on their measure or if no measure given
‘based on their values of mean and median. (correlation is B0)
(@) [ M1 for an attempt to standardise using the 320 and 150 and either 240 or 400 (nplied by 0.53)
AL for answer in range [0.40 , 0.41] (tables gives 0.4038, calculator 0.40619..) Ans only 2/2
® For B2 we need 2 comments that make reference to each of part (¢) and part (d)

‘One comment should suggest it is not good since skew. The other it is since matches range in (&)
1Bl for one relevant comment
2Bl for both comments 'NB Do not use BOB1
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Cost (£x)

Frequency (f)

Midpoint (£y)

20 < x <40 12 30
40<x<45 13 425
45<x <50 25 475
50 < x <60 32 55
60 < x <80 8 70
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Question Scheme Marks
Number
@ 105 Bl
[¢}]
4x30-14 1a31-14
®) (0,=) (155+) sz o I ——3 M1
=15.875 or16.0625 | Al
@
© %;5 =159 (15.91) [Accepl% or 1 M1, Al
o= m;)"f =578 (accepts=538) MIALf. Al
®)
a Since mean and median are similar (or equal or very close) a normal distribution B1
@ | may be suitable. [Allow mean or median close to mode/modal class]
[0}
© 0-0,(=9>(“5=)0, -0, M1
Therefore positive skew Al
@
(11 marks)

Notes

Tn parts () f0 (c) a correct answer with no working scores full marks for (hat value,

@@ |B1  for 105 which may be in the table
(®) |M1  foracoreet ratio and times 3, ignore the lower boundary for this mark
Al forawrt 15.9 (if n =30 used) or awrt 16.1 (if n+1 = 31 is used)
©  [1*M1 forattemptat 3 fr (this may be seen in the table as f: 10, 73.5., 70, 136, 82. 106
[condone 1 slip] or awrt 500) and use of St ana comect cxprssion for mean.
1*Al  forawrt 159
2™ M1 for an attempt at & or 67, can ft their mean. condone mis-labelling o = etc
Allow use of their 3" £ (awrt 9000)
Alft for a comect expression including square root. ft their mean but not their ¥ £
No label or correct label is OK but wrong label (e.g. o )is A0
3¥AL  forawrt 5.78, allow s = awrt 5.88. SC Allow MIA1AO for awrt 5.79 if X corect
(@ | B forareason implying o siating symmetry. "Timeiscontinuous' or “evenly disrbuted” s
BO
@  |M1fora clear reason or comparison. values not essential but comparison implying they

have been found is required.
Al for stating "positive skew". Condone just "positive but "positive comelation" is A0
Do not allow arguments based on mean and median since this part relates to a
different set of data.
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Question

Scheme Marks
Number
(@) | [T~N (40, 40%)._require P(T > 300)]
P[ 300*240\1 M
40 )
—P(Z<15) or 1-0.9332 M1
=awrt 0.0668 or 6.68% | Al
®
®) | [P@<m)=020=] 2240 58416 M1 Bl
n=awrt 206 minutes Al
[©]
POV < u=30)
POV < =30 | W< py =] —— £
(© | POV < 4 H=] B <1 M1
_1-082 a
030
=036 Aleao
[©]

9 marks]
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Notes

@

(b)

Ans only

©

Use tables

ALT

T*MI for standardising with 300, 240 and 40. May be implied by use of 1.5 Allow =
29M1 for 1 -P(Z<"1.5") ie. a comect method for finding P(Z> 1.5")

g 1-p where 0.5<p<099
Al forawrt 0.0668 (Answer only3/3)

MI for an attempt to standardise with 240, 40 and 7 and set =+ z (0.8 < |2/ < 0.9)
Bl forz=:+0.8416 (or better) used as a z value. Do not allow for 1 0.8416
Cale gives 0.8416212...[May be implied by awrt 20634, give B1 as well as Al if scen]
Al for awrt 206 (can be scored for using a = value of 0.84 or even 0.85)
Maust follow from correct working but a range of possible = values are OK.

If answer s awrt 206 score M1BOAI (unless of course z = 0.8416 seen) but awrt 206.34 scores 3/3

M1 for the comrect ratio expression (Not P([I¥ < 30— ] [ < 4]) on numerator)
Condone use of Zinstead of 7" only if they later get a correct numerical ratio otherwise M0

30\
However they may write P{ 730 | ete which is of course fine
o)

1Al for a correct numerical ratio
May see use of 2= 0.92 or better (calc: 0.9153650...) or 0= 32.6-32.8 allow:
PZ<o092) gy g 1208212 01788
P(Z<0) 05 05
2% Al for 0.36 or an exact equivalent e.g. & (Answer only MIAIAO)
The final answer of 0.36 must come from exact values; 0.36 rounded from 0.3576 etc is AQ

1*M1 for
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Question Scheme Marks
@@ | PW)=P(Z>1.1)=1-08643 = 0.1357 (acceptawrt 0.136) | BL
(i) | P(8)=P(Z >-19)= 09713 (accept awrt 0971) | BL
(i) | P(C)=[P(~1.5<Z <1.5)]=09332— (1 - 0.9332) or (0.9332-0.5) x 2 | M1
=08664 (accept awrt 0.866) | Al
)| B4uC)=P(Z>-15) o PZ<15) o ML
=P()+ P(C)~ PN C) ="0.1357"+"0.8664"~ (0.9332-0.8643) | o,
=0.9332 (accept awrt 0.933)
®
®) PX>w
POY > w| X >28) =] =2 =[0.625]
[PX >w|X > ST [t ] M1
P(X >28) 252 B }:P(Z>14):[0 0808 calc: 0.80756.] M1
P(Y>w)=0.0808x0.625 (=0.0505) or (PCY<w)=09495) A1
22 e M1B1
w= awnt 292 A1
©)

(12 marks)
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Notes

(@)

®)

1% 3 marks

Mark final answer here so in (1) 0.9713 followed by 1~ 0.9713 is B0 but for rounding
errors c.g. 29.245 followed by 29.3 apply ISW and award for 29.245

MI for correct expression with probability values . Correct ans implies MIAL

MI for a correet addition formula with some correct substitution (or correct f1)
or P(Z >~15)(0.¢) ox for a fully correct expression with correct probabilities
Al for 0.9332 (accept 0.933) Correct answer only is MIAL

MI for correct expression for condifional probability- must have P(Y>w) as mum’
May be implied by P(Y> w) = 0.625 (any probability)
M for standardising 28 with 21 and 5 Allow *
(May be implied by 0.0808 [or awrt 0.081] seen in correct position)
Al for P(>w) = 0.0808x0.625 or P(X >w)=0.0505 or P(Y'< w) = 0.9495)
This A1 depends on both Ms but secing PCY> ) = 0.0808x 0.625 scores MIMIAL

\; instead of POY> w) for these first 3 marks

s )

MI for standardising wwith 21 and 5 (allow +) and sefting equal fo a
Allow any letter instead of w

BI for 1.64 (or better) used correetly. [Caleulator gives: 1.6402851..]

Al allow awrt 29.2

Allch"Z)

ue
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Question
Number

@

®)
©@0

(@)

2 _164(49)

o
0.8416 and 1.6449 seen
4=28-164490

or

24-0.84160 = 28-1.6449c
o =4.9794597..
1=19.809286...

P(Z<-157)
1-0.9418=0.0582

Scheme

Marks

24 and 28 (above the mean)

For 0.80 and 0,05 (clearly
indicated)

1=24-084(16)c

eliminating x or &
awrt4.98
awrt19.8

1-P(Z <1.57)

awrt 0.06

Bl

AlAl

M1
Al
Al

™
M1
dM1

Al 3
[Total 13
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Notes

@
®)
©

sc

@

17B1 24 and 28 labelled on the horizontal axis above the mean in the correct order.
They must clearly indicate where 24 and 28 are on the horizontal axis.

2" B1 for clear, correct labelling of probabilities. Must be associated with correct area.

Bl for 15%or0.15 NB0.15% is BO

2w SO

o o
Condone z, =0.8

Bl for both values 0.8416 and 1.6449 or better seen. Calc: 0.8416212.., 1.644853

1% Al for y1=28~1.64(49)0 or any correct arrangement (allow 1.64 ~1.65 inclusive)

2 A1 for y=24-0.84(16)c or any correct arrangement (allow 0.84 or better)

2% M1 for an attempt to solve simultaneous equations by eliminating u or &

3 A1 for awrt 4.98 (Condone o'= 5 or awrt 5.0 if BO scored)

4% A1 forawrt 19.8

Foruse of 0.84 and 1.64 giving o'=5 and yr=awrt 19.8 score MIBOAIAIMIALAL

or 0.84 and 1.65 giving o'=awrt 4.94 and r=awrt 19.9 score MIBOAIAIMIA1AL

M for 238-10

where |z,|> 1.5 and |z, <1

1¥M1  for standardising with 12, their 4 and o provided >0

If o'< 0 from their equations in (¢) allow M1 if they use |of
2" dM1 for 1~P(Z <'1.57") dependent on the 1 M1 being scored i.c. leads to prob < 0.5
Al forawt 0.06 from correct working
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Question Scheme Marks
(@) | [L<1 X be the amount of beans in a tin. P(Y < 200) = 0.1]
'03;"»1.:316 [ cale gives 1.28155156...] MBI
1 =209996.... awrt 210 Al
@
M1
(Z2>1.92) or 1-P(Z<192) (allow 1.93) | A1
—00726  =00274 (orbetier) [eale gives 0.0272037...]
= 00274
Al
@
(@ | [Let ¥ be the new amount of beans in a tin]
L 23263 [calegives23263478..] | M1B1
am1
=215 (214933..) Al
)
(10 marks)
Notes
‘Condone poor handling of nofation if answers are correct but A marks must have correct working,
(@ | M1 for an attempt to standardise (allow #) with 200 and 7.8 and set = + any = value ([ > 1)
Bl forz=1 12816 (or better used as a 3)[May be implicd by 200.996(102...) or better scen]
Al forawst 210 (can be scored for using 1.2 but then they get MIBOAI)
‘The 210 must follow from correct working — sign scores A0
Ifansweris awrt 210 and 200.996... or better seen then award MIBIA1
28 gives 200,984 and = = 1.282 gives 209.9996 and both score MIBOAL
If answer is awrt 210 or awrt 209.996 then award MIBOAI (unless of course 2 = 1.2816 s seen)
() | M1 for attempting to standardise with 225, their mean and 7.8 . Allow *
1AL for Z> awrt 192/3. Allow a diagram but must have 1.92/3 and correct area indicated
Must have the Z <o PCY > 225) with or without a diagram is not sufficient.
Award for 1- 09726 or 1-09732
2% A1 for 2.7 % or better (calculator gives 2.72...) Allow awrt 0.027. Correct ans scores 3/3
(© | 1" M1 for an attempt to standardise with 200 or 210, 205 and o'and set = * any = value (/> 2)

Bl for z=2.3263 (or better) and compatible signs.
IFBO in (a) for using a value in [1.25, 1.29) but not using 1.2816: allow awst 2.33 here
2 dM1 Dependent on the first M1 for correctly rearranging to make o =... May be implied
et 16 (M1A0) BUT must have 0> 0
Al forawst2.15. Must follow from correct working but a range of possible = values will do.
NB 2.320 <z <2.331 will give an answer of awrt 2.15

3250=
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Question Scheme Miarks
@ [EE
£ = M
]-16 A
[P(>150) =P(Z>-16) =] ~034520071..) awrt 0885 (A1 ()

® 02533 (o beterseen) | BI
s-1g2
B ]
@355 =0zss M
639 awrt 164 (A1 ()
© 2816 (o botorscen) | Bl
1624 B M
—L2BIS51S. i
735%. awrt 1 A1 ()
0]
Notes
@ M1 Tor atemping o tandacdise wilh 150, 167 and 7.5 Accepi s

®

NB

Alow use of Symmety and therfore 171 insiead of 150

1% AL for ~L6 scen. Allow 1.6 seen 1f 174 usod or awt 0.915 i scen. Sightof 094512) s AL

21 Tor awat0.915 Do ot apply ISW, 110 91521 ollowed by 1 - 09452 hen award A0
Corectanswer oy /3

BI for (=) + 0.2533 (o boter) seen
Giving 2 0.25 or - 0.233 scores BD here but may get MIAL

M1 for standardsing with s (0.0, 162 and 7.3, allow 1, and seting equal (02 7 value
Ouly allow 0.24 < 2 <026 Condone o.8. 160 for 162 ec

AL for awrt 164 (Correctanswor only scores BOMIAL)

BI for (+=) - 12816 o bocer sn Allow et » 128 B0 cored in () fo -~ awrts

M forstemping o standardise wih 162, and 2 and seting cqul 0.  value whero
125 < < 131, Allow » beresosigs don'| Have to be compatble,

1% Al fora corroctequation wilh compatbe signsand 1.26 < |4 < 131

21 for awrt 174 Cortet answe only sores BOMIATA). Dependenton 1* AL

162-p
g

cormect working such as:

An equation 7415 AOAD unles thee s clear

2816 loadiog o an answor of 4

LS 74 then award ATAL

2816 1= 62+ (162

A common eror s 122
Ao

2816 Tollowed by 1 =162+ 912816 — awrt 174 1t gots
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Question

s Schieme Marks
(@) | The random variable & ~ height of females
P(H>170) =p[z>M] =p(z>125)] M1
~1-08944 M1
201056  (calc 0.1056498..) awrt 0.106 (accept 10.6%) |1 =
® | p(ar>130) (z>@} [-1-09938] M1
=00062 (cale 0.006209...) awrt0.0062 or | Al
00062
H>180| H>170)] =
L6 | )] T M1
A
00587 (cale 0.0587760...) 0.0587 or 0.0558 @
P> hH>170) (= 05) 2D,
© i P(H>170) M1
[P(EH> )] = 0.5x"0.1056" =0.0528 (calc 0.0528249...) or [P(H<M)]=09472 | Alft
Bo160_1 62 (cale 1.6180592..) M1B1
h=awnt173 cm awrt173 Ne

Total 12
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Notes

@

()

©

170-160

M1 for atempt at tandardising with 170, 160 and 8. Allow + ie.for

2% M1 for attempting 1 - p where 0.8 < p < 1. Correct answer only 3/3

1M1 for standardising with 180, 160 and 8
1Al for 0.0062 seen, maybe seen as part of another expression/calculation

2* M1 using conditional probability with denom = their (a) and num < their denom. Values needed.
2* A1 for awrt 0.0587 or 0.0588. Condone 5.87% or 5.88% or 2
Correct answer only 4/4

1" M1 for a correct conditional probability statement. Either line and don’t insist on 0.5, ft (a)
1% Alft for [P(H > )] = 0.5x their(a)

Award MIAIA for correct evaluation of 0.5 their(a) or sight of 0.0528 or better
2% M1 for attempt to standardise () with 160 and 8 and set equal to +  value (1.56 < z| < 1.68)
BI for (=) awrt + 162 (seen)
2* A1 for awrt 173 but dependent on both M marks.
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Question Marks
Number
) ™I
=P <-16)
= 109452 M1
~00548 awrt 00548 | Al
(&)
® |05-02-03 030r07 seen | M1
05244seen | gy ay
awrt 235 | Al
@
© | 02xa-02) M1
2x08x(1-08)=032 M1Al
(&)
Total 10
NOTES
@ M1 for standardising with 232 and 5. (ie. not 5° or ¥5) . Accept - ”'5232
M for finding (1- a probability >0.5)
Al awrt 00548
® M1 Can be implied by use of +0.5244 or + (05210 0.53)

©

Bl for +0.5244 only
Second M1 standardise with 232 and 5 and equate to 2 value of (052 to 0.53)
or (03410 0.85)

12 used award second MO

—w

Require consistent signs i e 05244 or negative z value for M1

Al dependent upon second M mark for awrt 235 but see note below.
Common exrors involving probabilities and not z values:

P(Z<0.2) =0.5793 used instead of  value gives awrt 235 but award MOBOMOAO
P(Z<08) = 07881 used instead of : value award MOBOMOAO.

MIBOMOAO for 06179, MIBOMOAO for 0.7580

MI for 0.16 seen
M for *2x p(1 -p)’
A1032 correct answer only
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Question Scheme Marks
Number
@ ]
PD>20)= {Z>
=PEZ>-125) Al
08944 awrt 0.804 Al
@)
®)| o< 0)=075 %0 @ 067 mB1
= awrt 354 Al
@ )
(€)[354-30=54 so @ =30-54 = awrt 246 Blft -
@ 0,-0=108 so 1.5(0;-01)=16250 Q-162 =h or Oy +162 L
841056 and F= 51410 516 both Al
@
(e) | 2p0>51.6)=2p(z>27) M
=201-09965] = awrt 0.007 M1 AT
@)
Total 12
(@) [ M1 for an attempt fo standardise 20 or 40 using 30 and 8
1Al forz=+125
2% A1 forawrt 0894
b
© raxgS 0 toazvalue
Mo for 0.7734 on RES.

BI for (= value) between 0.67~0 675 seen.
MIBOAL for use of 2= 0.68 in correct expression with awrt 35.4

(€) | Follow through using their of quartile values

(@) | M1 for an attempt to calculate 1 S(IQR) and attempt to add or subtract using one of the formulae given
in the question - follow through their quartiles

(€) | 1" M1 for attempting 2P(D > their ¥ or ( P(D >their k) P(D < their /))

2%M1 for standardising their & or k (may have missed the 2) so allow for standardising
P(D>51.6) or P(D< 8.4)

Require boths Ms to award A mark.
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Question

Number Scheme Marks
(@ P(X>165)=P(Z>MJ M
=P(Z>16) Al
=0.0548 awrt0.0548 | A1
[E]
®)
M1B1
awrt 148 | AT
[E]
M1
B1
B1
160 - u = 232630
152-pu=-1.28160
60796 m
221... awrt 2.22 Al
Al ©)

u=15484

[12]
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Notes L

@ y - N
Ml for an attempt to standardize 168 with 160 and 5 i.c. :[@] orimpliedby 1.6
1AL forP(Z> 1.6) or B(Z<-1.6) ie == 1.6 and a comect inequality or 1.6 on a shaded
diagram
vect answer to (a) implies all 3 marks
®
ML for attempting 1[ J = recogaizable = value (2/> 1)
Bl forz=2+23263 or better. Should be z =... or implied sor1-23263= 271 i Moo
AL for awrt 148. This may be scored for other = values so MIBOAL is possible
For awrt 148 only with no working seen award M1B0AL
(€) | M1 for attempting to standardize 160 or 152 with 4 and & (allow *) and equate to z value

(L>1)

19B1  forawrt+2.33 or +2.32 seen

2Bl forawrt £ 1.28 seen

2% M1 for attempt to solve their two linear equations in 4 and & leading to equation in just
one variable

1*Al for ¢ =awrt222. Award when 1 seen

2 A1 for 41 =awrt 155. Correct answer only for part (c) can score all 6 marks.
NB =221 commonly comes from z = 2.34 and usually scores MIBOBIMIAOA1

The A marks in (¢) require both M marks to have been earned
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Weight (w kg)

Frequency (f)

Weight midpoint (x)

0<w<2 1 1
2<w<3 8 25
3<w<3s 17 325
35<w<4 17 375
4<w<s 7 45
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Income y (£) Mid-point Frequency /
0< <200 100 12
200 < 220 28
240 < 280 22
320 < y <400 360 18
400 < y < 600 500 12
600 < y < 800 700 3





