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A meteorologist believes that there is a relationship between the height above sea level, h m, and
the air temperature, t °C. Data is collected at the same time from 9 different places on the same
mountain. The data is summarised in the table below.

h 1400 1100 260 840 900 550 1230 100 770

t 3 10 20 9 10 13 5 24 16

[You may assume that >h=7150, >t=110, >h?=7171500, >t*=1716, Xth =64 980
and Stt = 371.56]

()

(b)

(©)

(d)

(€)

(f)

Calculate Sy, and Sy,. Give your answers to 3 significant figures.

©)
Calculate the product moment correlation coefficient for this data.

)

State whether or not your value supports the use of a regression equation to predict the air
temperature at different heights on this mountain. Give a reason for your answer.

1)
Find the equation of the regression line of t on h giving your answer in the form t = a + bh.

(4)
Interpret the value of b.

1)
Estimate the difference in air temperature between a height of 500 m and a height
of 1000 m.

)
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2. The marks of a group of female students in a statistics test are summarised in Figure 1.

Females I— 4|

Males

10 20 30 40 50 60 70 80 90 100
Mark

Figure 1

(a) Write down the mark which is exceeded by 75% of the female students.

(1)

The marks of a group of male students in the same statistics test are summarised by the stem and
leaf diagram below.

Mark (2|6 means 26) Totals
1 - (1)
2 6 (1)
3 447 (3)
4 066778 (6)
5 001113677 (9)
6 223338 (6)
7 008 (3)
8 5 (1)
9 0 (1)

(b) Find the median and interquartile range of the marks of the male students.

(3)
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An outlier is a mark that is
either more than 1.5 x interquartile range above the upper quartile
or more than 1.5 x interquartile range below the lower quartile.

(c) On graph paper draw a box plot to represent the marks of the male students, indicating
clearly any outliers.

()
(d) Compare and contrast the marks of the male and the female students.

)
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In a company the 200 employees are classified as full-time workers, part-time workers or
contractors.

The table below shows the number of employees in each category and whether they walk to
work or use some form of transport.

Walk Transport

Full-time worker 2 8
Part-time worker 35 75
Contractor 30 50

The events F, H and C are that an employee is a full-time worker, part-time worker or contractor
respectively. Let W be the event that an employee walks to work.

An employee is selected at random.

Find
(@) P(H)

(2)
(b) P([FWT)

(2)
(c) P(W|C)

(2)

Let B be the event that an employee uses the bus.

Given that 10% of full-time workers use the bus, 30% of part-time workers use the bus and
20% of contractors use the bus,

(d) draw a Venn diagram to represent the events F, H, C and B,
(4)
(e) find the probability that a randomly selected employee uses the bus to travel to work.

()
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The following table summarises the times, t minutes to the nearest minute, recorded for a group
of students to complete an exam.

Time (minutes) t 11-20 21-25 2630 31-35 36-45 | 46-60
Number of students f 62 88 16 13 11 10
[You may use Y ft* = 134281.25]
(a) Estimate the mean and standard deviation of these data.
(5)
(b) Use linear interpolation to estimate the value of the median.
)
(c) Show that the estimated value of the lower quartile is 18.6 to 3 significant figures.
(1)
(d) Estimate the interquartile range of this distribution.
)

(e) Give a reason why the mean and standard deviation are not the most appropriate summary

statistics to use with these data.

1)

The person timing the exam made an error and each student actually took 5 minutes less than the
times recorded above. The table below summarises the actual times.

Time (minutes) t

6-15

16 -20

21-25

26 — 30

31-40

41 -55

Number of students f

62

88

16

13

11

10

() Without further calculations, explain the effect this would have on each of the estimates

found in parts (a), (b), (c) and (d).

@)
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A biased die with six faces is rolled. The discrete random variable X represents the score on the
uppermost face. The probability distribution of X is shown in the table below.

X 1 2 3 4 5 6

P(X=Xx) a a a b b 0.3

(a) Given that E(X) = 4.2 find the value of a and the value of b.

®)
(b) Show that E(X ?) = 20.4.

@
(c) Find Var(5 - 3X).

3

A biased die with five faces is rolled. The discrete random variable Y represents the score which
IS uppermost. The cumulative distribution function of Y is shown in the table below.

y 1 2 3 4 5
1 2

F = £ 3k 4k 5k
v 10 10

(d) Find the value of k.

1)
(e) Find the probability distribution of Y.

©)
Each die is rolled once. The scores on the two dice are independent.
() Find the probability that the sum of the two scores equals 2.

)
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The weight, in grams, of beans in a tin is normally distributed with mean x and standard
deviation 7.8.

Given that 10% of tins contain less than 200 g, find

(a) the value of g,
©)
(b) the percentage of tins that contain more than 225 g of beans.

©)

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 o.

(c) Given that 98% of tins contain between 200 g and 210 g find the value of o.
(4)

TOTAL FOR PAPER: 75 MARKS

END
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Question Scheme Marks
1 (@) | (Sy)= 64980—% =-224089... —22 400 M1 Al
71507
(S, )=7171500 - =1491222.2 ... 1 490 000 Al
©)
(b) |- 224089 = —0.95200068. .. awrt — 0.952 M1A1
1491222 x 371.56
)
(c) | Yesasriscloseto—1 (if-1<r<-0.5)o0r Yesasrisclosetol (if 1>r>0.5) B1ft
[If —0.5<r<0.5 allow “nosinceriscloseto0”] [If|r]>1award BO] (1)
(d) | b= 224089 _ 4 015027... (allow %) awrt—0.015 | M1 A1
1491222.2
a= %—"their b"x% =(12.2—-0.015x794.4),= 24.1604...s0 t = 24.2 - 0.015h | M1, Al
: (4)
(e) | 0.015 is the drop in temp, (in “C), for every 1(m) increase in height above sea level. | B1
(1)
(f) | Change = (“24.2 - 0.015”x500) — (“24.2 — 0.015” x 1000) or 500 x”0.015” M1
=+75 (awrt + 7.5) (only ftavalue <100) | Alft (2)
(13 marks)
Notes
(@) | M1  for at least one correct expression (condone transcription error)
1" Al for S,, = awrt 1490 000 or S, = awrt —22 400 (Condone S, or S, =...orevenS  =.)
2" A1 for Sy, = —22 400 and S,, = 1490 000 only. [This mark is assessing correct rounding]
(Allow no labels but mis-labelling S, as S, etc loses the final Al)
(b) | M1  for attempt at correct formula. Allow minor transcription errors of 2 or 3 digits.
Must have their S, , S, and given S, (3sf or better) in the correct places. Condone missing “—"
Award M1AO0 for awrt —0.95 with no expression seen. MO for 64980
J7171500x 7.864
(c) | B1ft must comment on supporting and state: high/strong/clear (negative or positive) correlation
“points lie close to a straight line” is B0 since there is no evidence of this.
(d) [ 1M1 for a correct expression for b. Follow through their S,, &S,,. Condone missing “—"
1" AL for awrt —0.015 or allow exact fraction from rounded values.
2""M1  for a correct method for a. Follow through their value of b
2" A1 for a correct equation for t and h with a = awrt 24.2 and b = awrt —0.015 No fractions
(e) | B  Must mention h (or height) and t (or temperature) and their (1 sf) value of b in a correct comment
(f) | M1 for a correct expression seen based on their equation. Allow transcription error of 1 digit.

If answer is 500 x their b to 2sf and < 100 (M1A1), If answer is 500 x their b to 2sf and >100 (M1A0)




Question Scheme Marks
2. (@) | 25 (allow any x where 24 < x < 26) Bl
1)
(b) | Q2 (or median or m) =51 Bl
IQR=63-46 ,=17 (or Q;—Q,=17) M1, Al
3)
(c) | Outliers givenby  46-15x17=20.5 or 63+ 15 x17=288.5 M1
Outliers limits are 20.5 and 88.5 Al
m Allow lower
1 HEme e ma s — | whisker to 20.5 M1
Females -~ —-l — HH - | and upper
: I_ e e whisker to 88.5
Do not allow a Alft
; : " mix of whiskers
Miles ERer ! * e.g 20.5 and 85
Do not allow
both sets of
| | | ! | | I I 1 WhlSkerS
10 20 30 40 50 60 70 80 90 100 B1
Mark 5)
(d) | Medians: Median for females lower than males
IQR: IQR for females smaller than males. Allow *“lower/higher” but not “wider” B1ft
Range: Range of females is less than males B1ft
Skewness: Male and female marks are both positively skew (2)
Ignore other statements about average, spread, mean, st. Dev, variation, outliers etc (11 marks)
Notes
Mark (b) and (c) together BUT must see clear statement that median (or mor Q,) =51 and IQR =17
(b) | M1  for 2 quartiles (at least one correct) and attempt to find the difference. Must see their 63 — their 46
Al for 17 only. [Answer only of 1IQR=17 scores M1Al]
(c) | A fully correct box-plot (either version) with no supporting work scores 5/5. Otherwise:
1% M1 for correct attempt to calc’ at least one limit for outliers, ft their quartiles or IQR
or award for sight of 20.5 or 88.5
1 A1 for identifying both limits of 20.5 and 88.5
2" M1 for a box with an upper and a lower whisker(s) with at least 2 correct values (or correct ft)
(condone no median marked) (condone 2 upper or 2 lower whiskers)
2" A1ft for their 20.5 or 26 ,46, 51, 63 and 85 or their 88.5 in appropriate places and readable off
their scale. Follow through their 20.5 and their 88.5 only, other values need to be correct
If there are 2 upper or 2 lower whiskers A0
B1 for only 2 outliers appropriately marked at 14 and 90 Do not award if whiskers go beyond these values.
Apply + 0.5 square accuracy for diagram
A box plot not on the graph paper can only score the 1% M1A1
In (d) ft from their diagrams (if no diagram then use their values)
(d) | 1 B1ft  for one correct comment comparing median, IQR , range or skewness

2" B1ft  for a second correct comment comparing median, IQR, range or skewness
Do not allow contradictory statements




Question Scheme Marks
3.
@ | 35475 o5 M1 Al
200
. )
(b) [ 200-2 _ o M1 Al
200
© )
o 30
P C 30
[P(W]|C)]= (\2’(8 ):8?’0: 500375 M1 Al
200
_ - (2)
(d) = Allow diagrams with
intersections between F, M1
C and H provided these B1for9, 1
are marked with 0. B1 for 77,33
o B B1 for 64,16
) If their diagram indicates
extra empty regions do not
H treat a blank as 0. (4)
(e) 1416433 25 M1AL (2)
200
(12 marks)
Notes

()

(b)

(©)

(d)

OImm

(€)

Correct answers only score full marks for each part
If a probability is not in [0, 1] award MO
M1 for denominator of 200 and attempt to add 2 +8 or 35+ 75 or 30 + 50
Al for 0.55 or exact equivalent fraction e.g. 3

M1 for a fully correct expression (e.g. 1-0.01)
Al for 0.99 or an exact equivalent fraction

M1 for a correct ratio or a correct formula and at least one correct prob (i.e. a correct num or
denom). BUT award MO if num is P(W)xP(C) = 25x 2% or if num>denom

Al for 0.375 or 3/8 or any exact equivalent.

M1 for a box and the 3 regions F, C and H labelled or implied and single set B labelled. There should
be no intersections between F, C and H unless marked by zeros. They may have 3

circles for F, C and Bwith H = F'C'etc. Condone lack of zero in the given diagram.

1% B1 for the 9 and 1 or 0.045 and 0.005 (0.€.) in the correct regions May have B in 3
2" B1 for the 77 and 33 or 0.385 and 0.165 (0.€.) in the correct regions bits that are
3" B1 for the 64 and 16 or 0.32 and 0.08 (0.€.) in the correct regions. disconnected.

M1 for a numerator made up of their 1 + their 16 + their 33 and a denom of 200 and num < 200
Also allow sum of their probabilities (provided sum < 1)
Al for 0.25 or any exact equivalent




Question Scheme Marks
4. (@) | > ft=48375 (allow 4838 or 4840) B1
"4837.5"
Mean = 1483757 =24.1875 awrt 24.2 or % M1 Al
2
o 134281.25 _(4837.5) M1
200 200
=0.203 ....... (accepts =9.32) awrt 9.29 Al
) ()
100/100.5-62
(b) Q,= [20.5]+( )><5 =22.659... awrt 22.7 M1 Al
2)
C 50/50.25 :
© Q, :10.5+¥x10[: 18.56] (*) (n + 1 gives 18.604...) B1 cso
_ (1)
(d) | Q=255 (Useofn+1gives25.734...) Bl
IQR=6.9 (Useofn+1gives7.1) B1 ft
(2)
(e) | The data is skewed (condone “negative skew’) Bl
1)
() | Mean decreases and st. dev. remains the same. [Must mention mean and st. dev.] (from(a)) | B1
The median and quartiles would decrease. [Must refer to median and at least Q,.] ((b)(c)) | B1
The IQR would remain unchanged (from (d)) Bl 3)
(14 marks)
Notes
Correct answers only score full marks in each part except (c)
(a) | B1 for 4837.5 or 4838 or 4840 seen.
If no th seen (or attempt at th seen), B1 can be implied by a correct mean of awrt 24.2
1M1  for attempt at their % allow 1sfso > f=awrt 200 and ) ft = awrt 5000.
Or award M1 for a clear attempt at mean where at least 4 correct products of th are seen
2""M1  for correct expression including square root seen. Follow through their mean.
Allow a transcription error in 134281.25 but not an incorrect re-calculation.
(b) | M1 for a correct fraction x5. Ignore end point but must be +.
Allow use of (n + 1) giving 100.5...
(c) | Blcso for a fully correct expression including end point. NB Answer is given.
Allow use of (n + 1) giving 50.25...but use of 50.5 scores BO
(d) | 1B1  for 25.5 (or awrt 25.7 using n + 1)
2" B1ft for their Q, — their Q, (or 18.6) (provided > 0) Accept awrt 2sf. Correct ans. only scores 2/2
(e) | B1 Must mention that the data is skewed or not symmetrical. Do not award for “outliers”
(f) | 1 B1  for one correct comment from the above. May refer to parts (a), (b), (c) or (d)
2""B1 for two correct comments from the above

3" B1 forall 3 correct comments from the above




Question Scheme Marks
5 (a)|3a +2b=0.7 M1
a+2a+3a+4b+5b+1.8=4.2 or 6a+9%=24 M1
5b=1 Attempt to solve M1
b=0.2 cao Bl
a=01 cao Bl
(5)
(b) | E(X?)=1x0.1+2*x0.1+3?x 0.1+ 4*x 0.2+ 5°x0.2+6° x0.3 (= 20.4) (*) Blcso
(1)
() | [Var (X) =] 20.4-4.2* [=2.76] M1
Var(5-3X) =9 Var (X) M1
=2484 or 248 (allow & cao | Al
©)
(d)|[5k=1 so] k=0.2 Bl
(1)
e |P(Yy=1)=01 Bl
e.g.P(Y=2)=F(2)-F(1)=0.1 M1
y 12 3 145 Condone use of X(x) instead of Y(y) Al
P(Y=y)|0.1]0.1{0.4]0.2|0.2| Ignore incorrect or no label if table fully correct
3)
f) | PX=1)x P(Y=1) = 0.01 cao | M1, Al (2)
(15 marks)
Notes

(@)

ALT

(b)

(©)

(€)

()

Probabilities outside [0, 1] should be awarded MO
1M1 for an attempt at a linear equation in a and b based on sum of probs. = 1
2" M1 for an attempt at a second linear equation in a and b based on E(X) = 4.2 Allow one slip.
3“M1 foran attempt to solve their 2 linear equations based on sum of probs and E(X) . Must reduce to
a linear equation in one variable. 1% B1 for b and 2™ B1 for a. Answers only score B1B1 only
The 3™ M1 may be implied if M2 is scored and both correct answers are given.
B1B1 for stating b and a.
1M1  for showing that sum of probs. = 1
2""M1 for showing that E(X ) = 4.2
3"M1 for an overall comment “(therefore) a = ...and b = ...” No comment loses this mark.

Blcso for a fully correct expression (no incorrect work seen). E.g. allow 14x0.1+41x0.2+36x0.3
Or 0.1+0.4+0.9+3.2+5+10.8. Allow in a table (with 20.4) but without “+ explicitly seen.

1M1 for a correct expression for Var(X). Must see —4.22
2" M1 for(—3)?Var(X) or better, no need for a value. Accept —3°if it clearly is used as +9 later.

Bl forP(Y=1)=0.1
M1  for correct use of F(y) to find one other prob. Can ft their k if finding P(Y =y) fory >2

Can be implied by one other prob. correct or correct ft  Look out for P(3) = 3k — 0.2 or P(4) = P(5) = k.
Al for a fully correct probability distribution. Correct table only is 3/3

M1  for a correct expression or answer ft their P(Y = 1) and their P(X = 1)
Al  for 0.01 or exact equivalent only
Don’t ISW heree.g. 0.1x0.1+0.1x0.1 or 2x0.1x0.1 are MOAOQ




Question Scheme Marks
6. (a) | [Let X be the amount of beans in a tin. P(X <200) =0.1]
2035” =-1.2816 [ calc gives 1.28155156...] M1 B1
4 =209.99.... awrt 210 Al
; ©)
(b) P(X > 225) = P(Z >%J M1
=P(Z>192) or 1-P(Z<1.92) (allow 1.93) | Al
=1-09726 =0.0274 (or better) [calc gives 0.0272037...]
= 0.0274
= awrt 2.7% allow 0.027 Al
©)
(c) | [LetY be the new amount of beans in a tin]
210-205 =2.3263 or 200-205 =-2.3263 [ calc gives 2.3263478...] M1 B1
o (o}
o= > dM1
2.3263
o=215 (2.14933..)) Al
(4)
(10 marks)
Notes

(@)

(b)

(©)

Condone poor handling of notation 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 z value (|z| > 1)
Bl for z = + 1.2816 (or better used as a z)[May be implied by 209.996(102...) or better seen]
Al for awrt 210 (can be scored for using 1.28 but then they get M1B0OA1)
The 210 must follow from correct working — sign scores AQO

If answer is awrt 210 and 209.996... or better seen then award M1B1Al

z=1.28 gives 209.984 and z = 1.282 gives 209.9996 and both score M1B0A1

If answer is awrt 210 or awrt 209.996 then award M1BOA1 (unless of course z = 1.2816 is seen)

M1  for attempting to standardise with 225, their mean and 7.8 . Allow +

1% A1 for Z > awrt 1.92/3. Allow a diagram but must have 1.92/3 and correct area indicated.
Must have the Z so P(X > 225) with or without a diagram is not sufficient.
Award for 1 -0.9726 or 1-0.9732

2" A1 for 2.7 % or better (calculator gives 2.72...) Allow awrt 0.027. Correct ans scores 3/3

1M1 for an attempt to standardise with 200 or 210, 205 and oand set = + any z value (|z| > 2)
Bl for z =2.3263 (or better) and compatible signs.
If BO in (a) for using a value in [1.28, 1.29) but not using 1.2816: allow awrt 2.33 here
2" dM1 Dependent on the first M1 for correctly rearranging to make o =... May be implied
e.g. 2=2.32 > o =2.16 (M1A0) BUT must have >0

Al for awrt 2.15 . Must follow from correct working but a range of possible z values will do.
NB 2.320 <z < 2.331 will give an answer of awrt 2.15




