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Venn Diagrams - set notation, conditional

probability with Venn diagrans Igleavke
an

1. The Venn diagram shows the events 4, B and C and their associated probabilities.

0.13
Find
(a) P(B")
1)
(b) P4 U C)
(2)
(c) P(4|B’)
(2)

() the set notation (8') means consider everything not in &
i.¢ everything NOT inside the entire full circle of A

b because the Venn diagram only hag probakilities,ue can |
read. straight off the qiven Venn diaqram

&

A €
0.17
0.15 023 0.12

0.13

+p(R)=0.15 +0.1340.12
= 0.kt

(b) the set notation p(AVC) means Aor C {.e everwjtl\ing that
T

WAY | :ue shade in A and thea € WAY 2:use |-(A &)

P 6 5 7 9 5 A 0 2 2 0
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Question 1 continued

and merqe

SP(AVC)= 0.154 0.204 0234012 P(AVOY= |-+ )

() we see that ue have a. conditional probability
Ly p(AI2")-there are 2 uays totackle this:

WAYI:Visually WAY 2:uginq the conditional probabilits
we need to find. P(Ang'8") ~ formula:
1.2 first narrow the Venn | formita: P(AIR)= g(Anl) part (a)
diagram to .. ( N **M"ﬁﬁ N
" on - P +{ot\n ..first ctart viththe denom:
50 N He{nou 'l:kui'—ﬂ!»#ﬁ © o fom
— partla) -
0L .
e --next,look at the numerator:
i ;l‘e*v}«&n;u e nced. to ook for the intersectio

p—— . betueen Aaad &'
iken conS;dcr out of th il\e -Ehmis e gveq«tlurq that isin A

n B‘ how mo.m;‘ afe in ANR'- ANO AT THE SAME TIME (n e
-Q ever\,{l\mg that isin A ~the overl«ppmg reqion
AND AT THE SAME TIME in &°
~ihe overlapping reqion 0.5
 (becomes
the numer.
- y 04 the prob.
0.15
Thacomes  Plang) ) = Ol =g
{the numer.
o o4 the prob.
P(A‘\ B\ ) =0 |§/° " m (Total 5 marks)

Leave\
blank

{

Q1

~

AR AR AR O A Turn
P 6 5 7 9 56 A0 3 2 0

3

over




Data Representations - stem and leaf,

measures-of central tendency, outliers,

box plots
2. The stem and leaf diagram below shows the ages (in years) of the residents in
a care home.

Age Key: 4|3 is an age of 43
4 13 (1)
514 (1)
62 3 5 6 8 8 8 9 9 9)
711 1 3 4 4 6 6 6 8 8 9 (1)
810 0 2 7 8 8 9 (7)
913 7 (2)
(a) Find the median age of the residents.
(1)
(b) Find the interquartile range (IQR) of the ages of the residents.
2
An outlier is defined as a value that is either
more than 1.5 x (IQR) below the lower quartile or
more than 1.5 x (IQR) above the“upper quartile.
(c) Determine any outliers in these data. Show clearly any calculations that you use.
3)
(d) On the grid on page 5, draw a box plot to summarise these data. *
3)
(a) finding the age medns {inding the middle age value

bgumming up all the aqes: 1+149+14342 =79
and, $ubbing intothe formula for median :

formula h.o2q =14.5th value
< 2
b remember that if you have an odd
numb er of values you ¢an round up

~median = |Gth value .
U reading off the stem and Leaf diagram

=3y e [In

(b) now we're asked for the IQR= Q,- €,
Sub tnto the formula §or Q|:

N
Leave

blank
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Question 2 continued

formula: Q| =% - %2 s ’415

L remember that if you have an odd
number of values you ¢an round up

» Q.= 8th value

ureading off the stem and Leaf diagram
Q,=6|8=6%
Sub into ¢ l{e formula for 85:

3(29)
{ormwla.‘. Qs'-'-s% = "(;'.'q =W \

—hyremember that if you have an odd. N
numb er of values you can found up \

v Q,= 22nd value

hfeuﬁnq off the stem and leﬂ.{*tfmqrnm —y.
Qe AN | o Moo )

7 SuBbing into the QR formula:
~ formula: IQR‘-’- ga"‘Q'

LA subbing into the given formulae for outliers:

grom () - answer to (b)

{orm*lu.:—\’Ql-—l,SHﬂ-g%

30 40 50 60 70 80 90 100
Ages

(Total 9 marks)
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-1.5(12) = 50
=Y 43 (g an outlier as ¥3 LSO

rom Lb) &e—answer {0 (b)

S @y+1.5(12)

30+1.5(12) =99

=Ino outliers as allages <98

U isthe only outlier

(CL\ fe membering the {eatures of a box plot:

-outliers -

- lower value - 54
" lower quartile-

- median -

- upper quartile- 30
- qreater values-q37

- outliers=-nja

| EzgmEy pEmEm: | |

I ﬁ_ > l

T T T T T T T 1 /
30 40 50 60 70 80 90 100 / )

Ages



N | Distribution - findi babilities,

inverse normal, independent events
3. The weights of packages that arrive at a factory are normally distributed with
a mean of 18kg and a standard deviation of 5.4kg

(a) Find the probability that a randomly selected package weighs less than:10kg

(&)
The heaviest 15% of packages are moved around the factory by Jemima
using a forklift truck.
(b) Find the weight, in kg, of the lightest of these packages that Jemima will move.

3
One of the packages not moved by Jemima is selected at random.
(c) Find the probability that it weighs more than 18 kg

“)
A delivery of 4 packages is made to the factory.
The weights of the packages are independent.
(d) Find the probability that exactly 2 of them will be moved by Jemima.

(©))

(@)W ~nllg 5.4
and we're asked for P(i£10)

lll// /l

10 18

standardise to use the prob.tables:

formula: 2= X— M
(

Sub 1nto the above
P(. Ll_Qd.ﬁ.)
5%

= P(2C-).48148I..
(2e-14 ) ——

i
~l.ugi0
but ue know that the probability tables in the formula booklet

only qive us piobabilities for P(2¢2) and. for the +ve tail
L hence,we need to §ind.:

N
Leave

blank
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Question 3 continued P{EL’IFG):O"%
[~
Plze-lugiysl.)s | — pl2Ll48148).)

~l.4g14.0 1.48148l...
= | -0.9306
= 0.061Y4
NOTE: on CLASSHIZ cale,you can usethe then have
[0 as the to qet

Lb) the question i§ asking for the 1 such that
P(YYw) = ji-e:
L iaverse hormal

)
i
w
Standardi2e in order 0 use the probability table

formula: 2= W18

2~N(0,12)

»
1 l'./

W18

this looks like a simple,integer probability-hence a. giqn to usethe
Smaller % point table where prob.are given for P(272)

bhente we need. to use:

2~n(0,1?)
A } P(271.0364) =

Ir L}-]UONL probabih{\d table

}:‘ﬂ

7
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Question 3 continued

=2 [N;l%) = 1.036Y4

xS.4 xS.4%
w-18 =5.69656

=YW =23259656
= 23.6kq (24.¢)

NOTE:on cLASSHIZ use uith (always
tumulative prob.)

(€) it's important {o notice that ue're asked to ¢ind a conditional
probability, with the being that
(heavier packages uill be picked up by Temima.
L hence, ue're asked to find.:

P(Lr18 we )
L $ubbing this into the conditional prob.formula.:
formula: P(HIIB A WL )
P(we )
= PLIBLLL )
Pt )
.~ first,the denomnator:
it we're qiven that P(H? )-’-O.IS’
= P(we )=1-0.15
=0.85

...next, the numerator:

noiiciuﬂ hoW (& (s the meon of '8
(.'. P(w918)= 0.5)

and. we know P(WL )=0.85

=) pligewL )=0.85-0.5
< 0.3§

P 6 5 7 9 5 A0 8 2 0
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Question 3 continued

this makes = 0.36 _ 357
0.85 857

=o.4l12

(d) ue know the Plpackage willbe moved)= PV > )=0.15,
and the P(package uill NoT be moved)=|1=-0.15
< 0.8%5
therefore, the P(exactly 2 are moved)= (o.m‘(o.SS\z

\/\(__/

these are multiplied
as are independent

Liand there are 4C2 combinations of the above:
-.0.19)2(0-85)*x &

=0.093533S
=0.0935(3 s¢)

Q3

(Total 13 marks)
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Probability Distributions - variance,

expectations, linear transformations Leave

blank
4. A spinner can land on the numbers 10, 12, 14 and 16 only and the probability
of the spinner landing on each numberis the same.
The random variable X represents the number that the spinner lands on when
it is spun once.

(a) State the name of the probability distribution of X.

1)
(b) (i) Write down the value of E(X)
1)
(i1) Find Var(X)
2
A second spinner can land on the numbers 1, 2, 3, 4 and 5 only.
The random variable Y represents the number that this spinner lands on when
it is spun once. The probability distribution of Y is given in the table below
y 1 2 3 4 5
| @ | B 8@ 2
7130 | 30 | 3 | 30 | 30
(¢) Find (1) E()
(2)
(i) Var(Y)
3)
The random variable W = aX + b, where a and b are constants and a > 0 ’
Given that E(W) = E(Y) and Var(W) = Var(Y)
(d) find the value of @ and the value of b.
)
Each of the two spinners is spun once.
(e) Find P(W =7) |
(2)

Co)if all the probabilities are the same,then ue're looking at
a discrete uniform distribution

(B) (1) because this is only a 4 mark question, ue are not
expected to use the formula for expectation -
ue can therefore exploit symmetry:

[0 J\2] 14| 16 };‘ this is o distrete uniform

distribution the EX)
P{ = ) P P P P must be l'n‘l:':t CENTRE

P 6 5 7 9 5 A 01 0 2 0
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Y1 Fgistio Wt

blank
Question 4 continued

- E)=13 |

LitYnow we have £6 use the formula for varionce:

{.ormula Vur()()" 2_ -(E(%))
L part (b)Li)

= (10)+ (1224 (1124 )‘_“3)1
_x coMsin,

- 134 ~164

L) nou ue're ach@g qiven the pfobah;h’cgust@gi@n @he form
‘of a table,uiththe “ ' representing the options for the
to take and the pP( =) the likelihood
o{ each optum. to be taken
) L here need to use the fomula fOf expectation:

{-ormulck E(N= ] P( b ) (/AN
=) ()= 1(%aok2 (5 0)+ 2 (6/50)+4 ( Jgo)" S(6h)

= qof,,

i) and the formula for vadance:  part (1)
formta: $.2P(V=1) = LECIY?
VLY = 00 (H0) HA 5 )+ 21230 + (4(5h50)
(0 ()

N
Leave

J

1
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Question 4 continued

(d)remembering that E(al)=aE(H)and that E(W+x)=
E(w) +E(X)
=yusing W=a +b
take expectations of both sides
E(W)=E [aX+b)
E()=aE(¥)+b

and ue're gen el )=ELl )

(and E( )z )
sub into above:
atb=

were also given that vi)=v( )

gocan wSe LW=zay+h
reu\ember'ms" that V(W)= u.‘VlN)‘and that v(W+a)= v (W)
ake variance of both sides

V()= a2V(x)

qiven y(W)=V( )

(uni.v )=

=) [.8=a?(§)
< <S
Squr al=0.3¢
oot =a.=%0.6
Lbut given a’0,
=5a:=0.6

Squf root

sub this into
13(0.6)+b=3
3.84b=3

P 6 5 7 9 5 A0 1 2 2 0
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Question 4 continued
-” b 3 "l'. s
- a=0.6,bz~ 4“8

(€) now that we have the values of 7o' and ‘L' e cansee
that H=0Ex-4.9

N
frompart{a)

where x tokes values: 12,14,

~foiming p(gb.relisi:tibwlri;bn for W
W= 0.67 -4.8 0.6 -4.8 01{'.1:&.8 0.6 -4.8
=12 2.4 3.6 Tk

but these are all non-integers and the Y -
—values—are «lliﬂle‘JQfS WYy

) 1 A tO vnl\re;k— 5 AT

(Total 16 marks) |

Leave )
blank
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Data Calculations- covariance, product moment correlation

5. A company director wants to introduce a performance-related pay structure for her

coefficient, linear regression, scatter diagrans

managers. A random sample of 15 managers is taken andithe annual salary, y'in

£1000, was recorded for each manager. The director then calculated a performance

score, x, for each of these managers.
The results are shown on the scatter diagram in Figure 1 on the next page.

(a) Describe the correlation between performance score and annual salary.

The results are also summarised in the following statistics.
D x=465 Y y=562 S =2492 Yy’ =23140 Y xp=19428
(b) (i) Show thatS =2006

(ii) Find S,

(¢) Find the product moment correlation coefficient between performance
score and annual salary.

The director believes that there is a linear relationship between performance
score and annual salary.

(d) State, giving a reason, whether or not these data are consistent with the

director’s belief.

(e) Calculate the equation of the regression line of y on'x; in the form y = a + bx
Give the value of a and the value of b to 3 significant figures.

(f) Give an interpretation of the value of b.

(g) Plot your regression line on the scatter diagram in Figure 1

0y

0y

2

2

0y

(C))

(1)

2

The director hears that one of the managers in the sample seems to be underperforming.

(h) On the scatter diagram, circle the point that best identifies this manager.

The director decides to use this regression line for the new performance
related pay structure.

(1) Estimate, to 3 significant figures, the new salary of a manager with a
performance score of 30

)

2

N
Leave

blank
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Question 5 continued

Y A
60 -

50 X

40 X

Annual salary
(£1000)

20 X

10

|
0 10 20 30 40 50

Performance score

=V

Figure 1

(a)we see a +ve correlation - asthe performance Score

(HT.Q we're asked ¢o find the covariance between > and,
Ly formula: Sx"1 - 513 - 2:
n

sub inlo the above usinginfo qiven

IS

Turn over for a spare copy of the scatter diagram if you need to redraw your line.

blank

N
Leave

J
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Question 5 continued

= 2,006

Lii) now we're asked to find. the covariance betwaan the ‘y'
variables

formula: S“.": - ( iﬁ)z

sub wnto the above
2
-(562)

=2083.33%3..
=2080(3 s.f)

(¢) the PMCC measures the stre nqth and type of relationship
between the 5 and the Yy

formula = 5 |

I sy

¢ub (nto above

r= _
J ( )
= 0.88031I0Y...

=0.830(3 s.§)

(d) the is close 4o 1 - iadicating a Strong,+ve
relationship ,uhich is consistent with the director's belief

(&) we're asked to find the regression line of y on - uWe are given
in the formula booklet that:

formula: b - SJ.

sub into the above
b= 2096/ . =080497..

P 6 5 7 9 5 A 01 6 2 0

16



= 0.805(3s.f)
...and the formula for 7a‘:
formula: @ = q-bi
where y= 24 qad ¥= 22

Sub into theaboye :
y= 362 and =100 23

Sub tato formula for ‘a':
= 262 _ 0.8049%...(31)

= 12512413,
=12.5(349)
» Subbing into general form: y=a+b
= y= 2540808

('F) the value of ‘b’ represenis the grqdien-l; of the req{ession line -
however we need a worded explanation for it:

bfor a 4 performance point increase,the annual Salary increases
by £0.905 thousand. i.e £800,,

(‘]\ He now need to plot y=[2.540.80§5

b remember key features:

=-15.523...

‘_ ' = 12.§
N ] - =0.805
: .~ hpicking some points:
LA uhen x=9,y=1934¢
e x=50,y=52.95

(£1000) 30

204

(.h.) underpQrforming =) [ow performance
Score high Salary

.
. ! ] . - . [ s l.,.s)
o 10 20 30 40 50 7 2 )
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Question 5 continued

Only use this scatter diagram if you need to redraw your line.

V4
60

50

40

Annual salary
(£1000)

20

10

Leave )
blank

A

() ﬂlbbi;gﬁx:% into the regression line equin:

T T T T —>
10 20 30 40

Performance score

y=12.5+0.805 (30)
=£ 36.65 thousand
- £36,650

(or could've read off the
regression line although this
is less accurate

(Total 17 marks)
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6.

total mean and standard deviation
A disc of radius 1 cm is rolled onto a‘horizontal grid of rectangles so that the disc is

equally likely to land anywhere on the grid. Each rectangle iss5emvlongrand:3.cm
wide. There are no gaps between the rectangles and the grid is sufficiently large so
that no discs roll off the grid.

If the disc lands inside a rectangle without covering any part of the edges of the
rectangle then a prize is won.

By considering the possible positions for the centre of the disc,

(a) show that the probability of winning a prize on any particular roll is %

A group of 15 students each roll the disc onto the grid twenty times and record the
number of times, x, that each student wins a prize. Their results are summarised

as follows
Y x=6l Y x* =295

(b) Find the standard deviation of the number of prizes won per student.

A second group of 12 students each roll the disc onto the grid twenty times and the
mean number of prizes won per student is 3.5 with a standard deviation of 2

(c) Find the mean and standard deviation of the number of prizes won per
student for the whole group of 27 students.

The 27 students also recorded the number of times that the disc covered a corner of
a rectangle and estimated the probability to be:0:2216 (to 4 decimal places).

(d) Explain how this probability could be used to find an estimate for the
value of 7 and state the value of your estimate.

(a) the question is basically asking us to gind uhere the

centre o the can be such that the doesn't
tover any of the edges of the rectangle-we think the

the corners of the rectangle uould be the boundaries and

therefore anything inside « will mean o prize is WON

(&)

2

)

(&)

this is the area such

Sem.
3t /
[TA

Jem [lem

4 that if centreof
) fellinita
_l prize uvill be won

Leave
blank
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Question 6 continued

WAY 1-ustnq similar shapeS: WAY 2:compare areas

=) Plpcizewon)= [ x3 | Plpriae “°“\=ﬁ/ =
¥x§ j‘/ 5 s LIS

(b) we know s.d is just the square root of the variance
formula. s V{X\ = ﬁxz - (- )2‘;.]\3;3 - - S—x

sub into above

< 3.1288...
and @(x)= |3.|233..

=1.3¢8866...

e ———————

(51.37(3sf)

—_———

€¢) So ue're being asked for the mean and. s.d of all
now

Lilet the no.of ,ches won ;n IS student qroups
blet the no.of prires won in 12 student groype y

qu n

for total mean = €%+
n

where we can get 7 by using the qiven info on g: 3.5
formqla: ?: T
Sub into above

3.85=__
X121 2 x12

<) =

blank

N
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J
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Question 6 continued

Subbina into above:

totalmean= 61+
1%

=3.81481%...
=3.81(3s.$)

qN en

$of total s.d= J{ -I-i v =fotal meun)

We can use the given info on s.d(Y)=2
{'ormulat s-d.zJV& _lq)z qwen
12 =

$ub into above

YR ‘ i"!; =(35)*

square both sideg
Y X
Y= 5-;4{ - 1228

=) £4% - 16.25
2
. §y*=145

Sub intd above-

otal _ qus-nqs
sd 13

1.89615...
1.90 (3 sa

(d) now ue need. £0 try o picture how the can
cover the corners of the rectangle :

- (3.8148..)"

n e

(Total 15 marks)

blank
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T ! the area i$ such
| | that f centre of
Scm. l _J Falls within it
the corners of

rectangle are covered

Plarea) = 4 xared of quarter circles
area of rectangle

{formula: ﬂ'r‘/,_r-: i )/4
=My
sub into above:

= Yxly _fr

\

15 IS

we're qiven that Plarea)=0.221¢

=) 0.21¢=1
15
xS XIS

|rr =3.324 k




