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The probability distribution of a random variable X is shown in the table.

P(X=x) | 0.1 | 03 | 2p p

(i) Find p. 2]
(i) Find E(X). [2]
In an experiment, the percentage sand content, y, of soil in a given region was measured at nine different
depths, x cm, taken at intervals of 6 cm from 0cm to 48 cm. The results are summarised below.

n=9 Ix=216 3x’=7344 Xy=512.4 Ey2=30595 Xxy=10674

(i) State, with a reason, which variable is the independent variable. 1]
(ii) Calculate the product moment correlation coefficient between x and y. 13]
(iii) (a) Calculate the equation of the appropriate regression line. [3]

(b) This regression line is used to estimate the percentage sand content at depths of 25cm and
100cm. Comment on the reliability of each of these estimates. You are not asked to find the
estimates. [3]

A random variable X has the distribution B(13, 0.12).
(i) Find P(X<2). 3]
Two independent values of X are found.

(i) Find the probability that exactly one of these values is equal to 2. 3]

(a) The table gives the heights and masses of 5 people.

Person A B C D E

Height(m) | 172 | 1.63 | 1.77 | 1.68 | 1.74

Mass (kg) 75 62 64 60 70

Calculate Spearman’s rank correlation coefficient. [5]

(b) In an art competition the value of Spearman’s rank correlation coefficient, r, calculated from two
judges’ rankings was 0.75. A late entry for the competition was received and both judges ranked this
entry lower than all the others. By considering the formula for r, explain whether the new value of r,
will be less than 0.75, equal to 0.75, or greater than 0.75. [3]
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5 At a certain resort the number of hours of sunshine, measured to the nearest hour, was recorded on each of
21 days. The results are summarised in the table.

Hours of sunshine 0 1-3 4-6 7-9 10-15

Number of days 0 6 9 4 2

The diagram shows part of a histogram to illustrate the data. The scale on the frequency density axis is 2cm
to 1 unit.

Frequency

density
A

v

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Hours of sunshine

(i) (a) Calculate the frequency density of the 1 — 3 class. 1]

(b) Fred wishes to draw the block for the 10 — 15 class on the same diagram. Calculate the height, in
centimetres, of this block. 2]

(i) A cumulative frequency graph is to be drawn. Write down the coordinates of the first two points that
should be plotted. You are not asked to draw the graph. 2]

(iii) (a) Calculate estimates of the mean and standard deviation of the number of hours of sunshine.  [5]

(b) Explain why your answers are only estimates. 1]

©OCR 2012 4732Jan12 Turn over
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6  The diagrams illustrate all or part of the probability distributions of the discrete random variables V, W, X, Y

and Z.
P(V=v) P(W=w) P(X=x)
A A A
v w
0123 4 01234 01 23 4
P(Y=y) P(Z=2z)
A A
01234 7 01 2 3 4
(i) One of these variables has the distribution Geo(%). State, with a reason, which variable this is. 2]
(i) One of these variables has the distribution B(4, %). State, with reasons, which variable this is. [3]

7  60% of the voters at a certain polling station are women. Voters enter the polling station one at a time. The
number of voters who enter, up to and including the first woman, is denoted by X.

(i) State a suitable distribution that can be used as a model for X, giving the value(s) of any parameter(s).
State also any necessary condition(s) for this distribution to be a good model. 4]

Use the distribution stated in part (i) to find
(i) P(X=4), 2]

(iii) P(X>4). 2]

© OCR 2012 4732 Jan12



8

9

5

On average, half the plants of a particular variety produce red flowers and the rest produce blue flowers.

(i) Ann chooses 8 plants of this variety at random. Find the probability that more than 6 plants produce
red flowers. [31]

(ii) Karim chooses 22 plants of this variety at random.

(a) Find the probability that the number of these plants that produce blue flowers is equal to the
number that produce red flowers. 2]

(b) Hence find the probability that the number of these plants that produce blue flowers is greater
than the number that produce red flowers. 3]
A bag contains 9 discs numbered 1, 2, 3,4, 5,6, 7, 8, 9.
(i) Andrea chooses 4 discs at random, without replacement, and places them in a row.
(a) How many different 4-digit numbers can be made? 2]
(b) How many different odd 4-digit numbers can be made? [3]

(ii) Andrea’s 4 discs are put back in the bag. Martin then chooses 4 discs at random, without replacement.
Find the probability that

(a) the 4 digits include at least 3 odd digits, 4]

(b) the 4 digits add up to 28. [3]
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Question Answer Marks Guidance
1 (i 0.1+03+2p+p=1 oe M1
p=02 Al
[2]
1 (ii) 2xp M1 > 2 terms correct, FT p eg +4: MOAO
=2.7 oe Alf
[2]
2 | () X NOT:
because values (or depths) are fixed (or Allow “because it goes up in intervals” x, as values are constant
controlled or chosen or predetermined or or “because it is taken at set intervals” | x, as y depends on x
manipulated or given oe) x as % sand depends on depth
Depth, as not affected by %
because they can be changed or it is changed Ignore all else sand content
or because it is not measured ie not “read x, as it is not dependent
off” oe x, because y is measured
NB “x is changed” B1, but “x changes” BO | x, because it changes
or because we change the values ourselves Bl v, which is the depth and this is controlled
[1]
2| G S = 7344 - 218 (=2160)
2
Sy =30595 — 154- (= 1422.36)
Sy =10674 — 200124 (=-1623.6) M1 | correct subst in any S formula
- \/%n Ml correct subst in all Ss & in r
=-0.926 (3 sfs) Al
[3]
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2 | (i) | (@) | p= =16236" . 75 or —451 M1 ft Sy, & S, from (ii) If ans to (i) is y, & x on y found here:
"2160" 600 /_ "-1623.6" —
512.4 — « » 216 b= "422.36" =-1.14) Ml
Y= 2gr =075 00— ) ML | org= 35124 _ (75 x (26 op 3623
= —0.75x+75(.0) (25D o ’ e i B e B
y ~ 0 pad Al 2 sf'is enough X =114y + 89(0) Al
ory=—to0*t 5 Allow y = — 0.75x + (=75) Sy -
If ans to (i) is x, but x on y found here:
3] B1 only for x = —1.14y + 89(.0)
2 (ii1) | (b) | r close to —1 (or high or strong), |r| close to 1 B1 Allow strong or good or high corr’n or strong neg corr’n.
or rel’nship etc | Award this mark even if comment linked to
100 instead of linked to 25.
BUT: “r close to -1, so unreliable”: BO Can
still score next marks if mention “within”
and “outside range”
25 within range of data oe, so reliable Bl or .... so more reliable
100 outside range of data oe, so unreliable B1 or .... so less reliable or 100 gives neg %age .....
Must give reasons [3] “Reliable because » near —1”
If (ii) |r] < 0.7: B1B0OBO
poor corr’n oe B1f
25 unreliable BIf “Small sample so unreliable”
Allow “accurate” instead of “reliable” 100 unreliable Bi1f BOB0OBO
Ignore all else
3 103) (1-0.12)" or 13x(1 —0.12)"*x0.12 M1 | Either seen
(1-0.12)" + 13%(1 — 0.12)"?x0.12 M1 | Fully correct method 1 — correct terms: M1IMOAO
=0.526 (3 sf) Al[3]
3 | (i) BCy%x0.12%%(1 = 0.12)" Ml | or 0.275(...) Allow if x or + something
2 x “0.275275” x (1 —“0.275275”) M1 Correct method except allow omit “2 x” NB unlike 2™ M1 in (i) which is for
=0.399 (3 sf) Al fully correct method
[3]
NB 2 x 0.12 x 0.88: MOMOAO
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4 |(a) 35142 31524 Ml Attempt ranks for both variables If use alphabetical order for one or both sets
14352 52314 Al Correct ranks of ranks, MOAO. eg if 1, 2, 3, 4, 5, seen or
May be implied by d* = 10 Yd* = 14 or 16, check carefully. But can
score 2" & 3" Mls. Also see example
below
2 2
=d® attempted (= 10) ML | S, or S,= 5513 (=10) or §,= 5015
(=5)
B 6542 . A=1,B=2etc eg 24153
re=1- —5(52_1) dep > M1 gained M1 JlOSW 42351
—05 Max MOAOMIMI1AO0
e Al [5]
4 | (b n(n” — 1) greater or increases Blind | or “denom increases” or “+ by larger Allow increases to 6x35
or becomes (n+1)((n+1)> —1) number”or “fraction decreases” or “value NOT just “n increases”
taken from 1 decreases” oe
>d” unchanged (or not increase) Blind | or d =0 or d" = 0 or the difference is 0 NOT n(n* - 1) changes
Allow @ unchanged NOT “difference is unchanged”
r, greater Bl dep > B1 or no explanation Use of incorrect formula can score max
B1B1BO0 (BO for 7, greater)
3] “Little diff between rankings so »; same” “Increases because more agreement”
or “rankings unchanged” B0OB0BO B1 only
5 [ |@ (g =2 Bl (gx3 =)2
[1]
=2/5 oe or 0.667 or 0.67 or 0.7 Al[2] Allow 0.66 or 0.666
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5 | (ii) (3.5,6) B1
(0.5,0) or (6.5, 15) B1 Ignore incorrect (6, 3.5) AND (15, 6.5): B1
[2]
5 | (i) |(a) | X M1 Allow x within classes, incl end pts > 2 non-zero terms correct ft their x
21
= 114 . 38 Al then +5: MOAO
5.43 (3 sf) or* or =% oe
£/ or 3173 or 38.9
21 21 R Ml Allow x within class, incl end pt +5: MO | > 2 non-zero terms correct ft their x
Calc 4 values of (x — ¥ )> or (x — ¥ )°f
or (11.8,0.184, 6.61, 50)
or (70.5, 1.65,26.4,100) or 199 M1
2D gy hod Ml
— 54372 or=9.46 or9.4592.... M1 dep +ve result; done before \; not BX y correct metho
~(¥%+..)
(\9.4592....)
=3.08 (3 sfs) Al
[5]
5 | (i) | (b) | Actual values or exact hours unknown oe B1 or Data given in classes or grouped oe Mid-points or medians or averages of
Don’t have raw data. oe [1] or Data evenly distributed in classes oe class boundaries used oe
or measured to nearest hour oe
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6 |(») \Y B1 X because mode =1 oe For answer V the first B1 is indep, but not
or Highest probis P(1) oe B2 for other answers, ie:
because [probs or values or geometric or V with no reason or incorrect reason
etc] decreasing or halving scores B1BO,
or Highest prob is st Z because P(0) = 0 or variable can’tbe 0 | but Z or X or any other letter with no
Allow if word “decreasing” or “halving” or B1 oe Allow “Geo distr’n cannot be zero” oe | reason or incorrect reason scores BOBO.
“sloping downwards” or any equivalent B2
seen
In all cases, once mark(s) have been
NOT “Positive skew” “None of them”: Ignore any reason given. | scored, ignore all other comments.
[2] B2
6 (i1) Y. Peaks at 2 If values of some probs listed:
Y. Like normal, peak at 2
Y. Highest prob is middle one (or is at 2) 2 to 4 values: B1
Y. P(X=2) is max Y: Bl
Y. Increase to 2 then decr
Y.14641 alone or with 0.5% x For 3" B1 must link list with Y diag, eg
Y. 0.0625, 0.25, 0.375, 0.25, 0.0625 “symmetrical” or “peak in middle” or
Y. P(1) =P(3) and P(2) is greater/different “peak at 2” or “1* = last” or “2"! = 4™
“same shape as Y diag”. etc etc
_orequiv ofany of theabove | BIBIBI |Ignoreallelse
If none of the above applies:
Any implication that values not all equal
eg: Not uniform *Co, Cy, 1Cy, etc
or values increase (then decrease)
or there is a peak B1 indep
Symmetrical or mirror image oe
or *C o = *C, or 2nd = 4th or similar
or mean = 2, or E(X) =2, or 2 is hi’est prob,
or peak at 2, B1 indep
or peak is middle value
B1 indep
Y [3]
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7 | () Geo(0.6) or G(0.6) or Geo with p = 0.6 B1Bl1 Allow Geo(60%) B1B1 Bin(..., 0.6) BOBI. Can still score
comment marks
P(woman) const or chance of woman const or %age of women is constant In context
Each voter has same prob B1
Whether one voter is a woman is indep of Allow: “voter(s) independent”, Allow “vote indep”
whether any other is a woman B1 “Men & women are independent”
“P(woman) is indep” In context
“Each woman is indep” (EACH comment must be in context)
(4]
Ignore all else
7 | (i) 0.4° x 0.6 M1 ft their Geo(p) from (i) Allow 0.3” x 0.6 (but no other ¢° x 0.6)
=2/¢,5 or 0.0384 Alf ft their Geo(p) from (i) eg if p=0.4, ans 0.0864 M1AI1f
2]
7 | (i) 0.4° alone, or (0.4* +0.4°x0.6) or (0.4* + Ml 1-0.6 + 0.4x0.6 + 0.4°x0.6) Allow M1 for 0.4% alone (= 0.0256)
(i1)) (allow extra term MO for 0.4” x 0.6 and for 1 — 0.4°
0.4°x0.6)
ft their Geo(p) from (i)
=5/155 or 0.064 Alf ft their Geo(p) from (i) egifp=04, ans 0.216 M1AIf
2]
8 | () Binomial stated M1 or implied by Cx0.5" or use of table or 0.57x0.5 + 0.5% or 0.5° + 0.5
1-0.9648 Ml or *C;7x 0.57x0.5 + 0.5* fully correct 1- (0.5*+8x0.5%+C,0.5%...) all correct
method
=0.0352 (3 sfs) or /s Al
[3]
8 |(i) |() |*C,x05"x05" Ml Fully correct method. Not ISW eg 0.168” or 2 x 0.168 or 1-0.168: MOAO
=0.168 (3 sfs) Al
(2]
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8 | (i) |(b) | 1—- “0.168” Ml | or 0.52(*Cp+2Ci3 +2Cis+ ... +22+ 1) or | —(PCp+7Ci3+2Cpy+...+22+1)
All 11 correct terms seen, or correct ans: M2 1 —all 12 correct terms M2
or P(X=12, 13, ... 21, 22) stated or implied
with > 2 terms shown or one extra term M1 | or similar marks for P(X = 10, 9, 8...0)
5(1 = “0.168”) Ml
=0.416 (3 sfs) Al
| [3]
9 1 | (@ P, or /s, or 'Cy x 4! M1 alone oe eg °C, x3Cy x 'Cy x °C;  or 9x8x7x6
=3024 Al
[2]
9 | () |(b)|®Ps0r8x7x6 oeor*Csx 3! Ml | Allow % ....or+ .....
x5 (or°Cy) M1 Correct % 5 or *C; x 5 (or °Cy) or (P4 or “3024”) x °/y M2
=1680 Al Not ISW, eg /3054 : MIM1AO
1 N K

SC: consistent use of with replacement in (i)
(or if only (a) or (b) attempted)

(ia) MOAO
(ib) 999 x 5 or 4995 Ml
MOAO
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9 | (ii) | (a) | °C3x*Cjor’°Cs oe MI [ °C3x*Cyx 4! (or°P3 x4 x4) or5! (or’Py) | o x ¥ xl3x%s Allow x or +...
SCyx %Cy+3Cy oe  correct method so far M1 960 + 120 oe correct method so far x 4  correct method so far
(=45)
+2Cy Allow anything + °Cy M1 + P, [must involve any P or any 1]+ P, | */o x 5 x */; x */s Allow x or +...
or:
=3/14 or 0.357 (3 sfs) oe, eg */og or /126 Al ox s x 3 x Yo or g x Yy x 3 M1

5/9>< 4/g>< 3/7>< 4/6 X3+ 5/9 X 4/8 X 3/7 M1
Marks must come from one method, not

[4] | mixture of two methods NB */y x Y5 x */7 x 3 =3/, MOMOMOAOQ
9 (i) [ (b) | 9,8,7,40r9,8,6,5 No mark yet
2 M1 | Yox fp gt 493 x g Allow x or +... | 41+ 41 or2 x 41 oe
+°C, oe Must be (1 or 2 or 4) = °C, M1 x4 x2 1 x 2  fully correct method + %P, or + (i)(a) oe
Must be (96 or 48 or 24) + °P,
=6 oe or 0.0159 (3 sfs) Al
[3] NB Marks from one method only, not mixed 2gx2fex'oxe allow X or + ... Ml
methods x4l/4x2 fully correct method = M1 |

SC: consistent use of with replacement in (ii),
(or if only (a) or (b) attempted)

(iia) (*/o)* Ml 1Y) +4 (o) CloyH*Ca(fo)Cly) M2
+C3Ch)°(Ye) (=0.400) M1 One term missing or extra or wrong M1
MOAO

(iib) ('/5)*  (=0.000152) Ml
attempt find no of gps  MI1A0
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