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Conditional Probability and Venn Diagrams (Sheet 2) Mark Scheme

Ql.
@) . . P(4A~BY 033
P(4'|B)y="—"—"2
(4'| B) 2 @) i M1 3.la
3
= E or 0.6 Al 1.1b
)
(b) eg P(A)xPB)=xxm=a#P(4nB)=0.13=3% - 24
of P(A'|B)=06=PL)=065 -
(1)
(© Bl 25
M1 3.1a
Al 1.1b
M1 1.1b
Al 1.1b
(5)
(d) P(BuCY =022 + 0.22 or 1-[0.56]
oe. M1 1.1b
or 1-[0.13+0.23+0.09+0.11]
= 0.44 Al 1.1b
(2)
(10 marks)
MNotes:
(a)

MI1: fora correct ratio of probabilities formula and at least one correct value.
Al:  acorrect answer

®)

for a fully correct explanation: correct probabilities and correct comparisons.

©

Bl: for box with B intersecting 4 and C but C not intersecting A.( Or accept three
intersecting circles, but with zeros entered for 4~ C and 4~ B~ C)No box 15 BO

M1: for method for finding P(BC)

Al:  for0.09

M1: for0.13 and their 0.09 in correct places and method for their 0.23

Al:  fully correct

(d)
M1: fora correct expression — ft their probabilities from their Venn diagram.
Al:  cao
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Q2.
Question o
Number Scheme Marks
(a) | p=P(B~C)= PBE)=P(C)=06x025 =0.15 M1
g=[P(CY)—p]=0.10 Al
(2)
b)) [ r=1-0.08—[P(B)+g]=1-008-06-0.1(oe)orl—-0.08—-{06+0.25—p) M1
=0.22 Alcao
(2)
(©)|s =[P{4d)—-r]=0.28 Blfi
t=[P(B)—p—=s5 oruse P(BAC"—s=06x075-"028"] =017 Blifi
(2)
(d) | P(A)y=P(By=0.5x0.6=0.3 which is not equal to 5 (= 0.28) M1
So 4 and B are not independent Al
(2)
s+ or (0.6—1) "028"+"0.15M 0.6-"017"
© (s+») or (061 _( " or |
P(4UC) or[P(A) +P(C)]or (r+5+p+g) 0.5+025
4
=75 Al 3y
[11]
Naotes
(a) | M1 for a correct expression
(using independence) for p or 0.13
Al for g =0.10 (both correct 2/2) G c
Mark (b) & (c) together
) M1 for a correct expression for » using
P(BwC). Can fi their g £[0.0.32] a
Alcao forr=10.22 (correct ans only 2/2)
Q:0F
(c) | 1¥"Blft fors =028 or 0.5 —their 0227
24 B1ft forr=017 or Fully correct Venn diagram will score the
0.6 — their “0.157 — their “0.28" first 6 marks
ALT Find ¢ then s then » If text and VD disagree use text values

(€) | 2Bl for+=017[ from 1 — 008 - P(4) — P(C)]

1¥Blft fors =028 or P(8)-"0.17"-"0.157
(b) | M1 for r=P(4)—5 and the Al for 0.22

5s=10.3 | They assume 4 and B are independent and get s = 0.3 [from P{4) = P(B)]
(© | 1¥B0 fors=0.3 BUT can get 2*! Blft for either case in the scheme
(b)y | M1 for #» =P(4)—s BUT then AOcao for r=10.2

(d) | M1 for a correct P(4) =< P(B) = 0.5x0.6 or 0.3 and a clear comparison with their s{= 0.3)
Or calculation of P(4 | B) = & or 0.467 or i

and comparison with P(4) =03 {o0.e.)

Al dep. on M1 being earned and clear statement that 4 and B are not independent
SCs=03 |depon 1¥Blfi for s =05-0.2 in (c); for correct cale. and conclusion seen (B1). On epen MOAL

(e) | M1 for a correct ratio expression of probs: num. < den. Allow 1 — (0.08+their “77) on den.
Any sight of multiplication on the numerator e g. 0.6:0.75 15 M0

1¥ Alft for correct ratio or ft using their values in numerator but correct denominator.

224 A1 for £ or accept awrt 0.573

75
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Q3.
QNL:JE;EE:‘ Scheme Marks
(a) | [P(BNR)=] O Bl
(1)
(h) | P(B)=027+033 =06, P(D)=027+0153+¢ , P(BnD)=0.27 M1
[B(B)=<P(D)= P(B D) gives] 0.6x(042+)=027 M1
027
0.42+f=¥ or 0.66=0018 Al
=003 Al
S
@ [#=] 1-(0.6+0.15+5) M1
u =022 Alft
@)
P(DNRNB) 0.27
1) =| = oo P(D|RNB)=P(D =P(D) | Ml
(d)(@) { P(RAB) } 0271033 (D|RNB)=P(D|B)=P(D)
=0.45 Al
| [P(PA[RNB]) _ 015 -
(i) P(RNB') 0.15+u
- Al
7
)
(e) 40x"0.45" and 3?><"%" M1
=33 Al
@
[13 marks)
Nates |
b) 1M1 for attempting 3 suitable probabilities, one involving 7 (at least 2 correct)
( e.g sight of 0.6, 0.27, 0.42 + ¢ correctly labelled in terms of B,D,R or in a correct equation.
0.27
May see e.g. P(BID) =
e O S
2 M1 for using the independence to form a linear equation 1n 7. ft their probs if stated.
1" Al  for solving leading to a correct equation as faras p + t =g or pt=gq
2 A1 for 0.03 or exact equivalent
(c) | M1 for a correct expression for # . Allow their 7 or just letter £ 1n a correct expression
Alft  for 0.22 (or exact equivalent) or ft their . 1.e. =0.25 — ¢ provided u & t are probs
Can score M1A1ft provided their # + their £ = 0.25 where « and ¢ are both 1n [0, 1]
(d)(@) | M1 for a correct numerical ratio of probabilities
Al for 0.45 or exact equivalent (Answer only 2/2)
(i1) | M1 for a correct numerical ratio of probabilities, ft their #, provided u 1s a probability
Al for £ or 0.405 orallow awrt 0.41 following a correct expression (Ans only 2/2)
M1 for a correct method for both 18 and 15 ft their 0.45 and their 3 provided both 1n [0,1]
© NB P(D)x77 is MO
Al for 33 only
NB #£x40=32.7... which rounds to 33 but scores MOAO. (Ans only send to review)
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Q4.
Q.uestim-l Scheme Marks
Number
(a) [ [P(A4)=1-0.18-0.22 = 0.6 (or exact equivalent) B1
(1)
®) | P(4UB)="06"+022 = 0.82 (or exact equivalent) Blft
(1)
(c) Establish independence
x=P(4ANnB) Use P(B)P(A'|B)=P(4'nB) before or after 1" Mland
score marks for (d) (RH ver) M1
X a0 P(B)x[1-0.6]=0.22 Find P(5)
x+0.22
x=0.6x+0.132 | Use P(4nB)=P(4|B)P(B) Use P(B)P(A4)=P(ANB)
dM1
0.4x=0.132 P(AnB)=06x0.55 P(ANB)=0.6x0.55
x= 0.33 (or exact equivalent) Alcso
3)
(d) | P(B)=0.55
P(B)xP(A4)=0.55%0.6 or stating P(4) = P(4|B) [= 0.6] M1
=033
P(B)xP(4)=P(ANB) or P(4) = P(4|B) Alcso
therefore (statistically) independent therefore (statistically) independent 2)
Total 7
Notes

() | B1ft for their (a) + 0.22 or 1 — P(A'~B') Do not ft their (a) if it is > 0.78

NB 3 versions for (c). Check carefully that Ms are genuinely scored.

Look out for assuming independence and if you see P(B) = 0.55 check it is derived properly

1* M1 for a correct equation forx e.g. =0.6 or acorrectly denved equation for P(B)

(c) x+0.22

2" dM1 for solving to get in form kx = L or correct use of P(B) to find P(4 B) [2"‘1 or 3 ver]

or P(AnB)=P(B)-022

Alcso for 0.33 Dep. on both Ms and no incorrect working seen
(d) | M1 for finding P(B) = P(4)= 0.33 (values needed) or stating P(4) = P(4|B) (= 0.6 not needed)

Alcso for a correct statement: P(B)x P(A4) = P(An B) or P(4) = P(4|B) and stating independent

NB The M1 1 (d) using P(A4 " B) requires P(B) = 0.55

There 1s no ft of an mcorrect P(B) A g8
Full marks in (d) is OK even if 0/3 in (¢) W
{This Venn diagram may be helpful } 018
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Qs.
Queslion Scheme Marks
Number

(a) | P(ANB) =P(A4B) x P(B)
2 11
P(:ml?)-;.xz_g M1 Al
(2)
(b) A B 2 intersecting circles and ‘P(4NB)" | Blft
3 and 3 | Bl

/ \ 20 10
‘ f1 3 Boxand _ | Bl
\s / 10 20

( 2 {1 KA
\ 20 \s/ 10/:0
el 3)
l:P('l) - 1} ? 0.35 Blft
A)= i =———0F 0.3
© 20°5]" 20
(1)
(d) l
P(B|A) P(.-!f\B)zi Mi
Pa) T
20
4
-3 Al cao
(2)
(e)| 03 Blft
(1)
[Total 9]
Notes

X — or a comrect probability product expression and one correct prob. Ans only 2/2

(a) | M1 for

1" B1 for 2 intersecting circles labelled A and B and ft their prob. for intersection
Condone missing labels for 2** and 3" B marks

W
o | -

(b)

Blft for 0.35 (0.e.) if no Venn diagram or correct follow through from their diagram

(©)
or allow 0.35 (or correct ft) from correct working e g. 0.65 - 0.5 + (a)
BO for 0.35 1f their diagram does not give 0.35 unless 1t comes from correct work

Don’t insist on P(4) =... but do not award for P(4'~B') =+

therr (a : 7 5
(a) or a correct ratio of probabilities from their diagram

(d) | M1 for
therr (¢)
-+ scores M0 and num > denom scores M0

NB incorrect use of P(A'nB') =+

Al for 3 only

(e) X
B1ft for 0.3 or correct ft from their Venn diagram or ft from £ — their (c)
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Qeé.
Question Scheme Marks
(a) Bl
M1
Al
Al
B1
&)
®)) 13 01625 Blft
80
(1
7 _ 143 +13+ 22
() 28+30-11  2+3+4+8+13+17 _\ (11+22) 47 00 M1 Al
80 80 80 80
(2
(d) | "17+8+13" SE "2+3+4" 38
e or % 011——_,4?" :E (condone awrt 0.809) M1 Alcao
2
(e) 7 20
P(B|C)=—!. P(B)=—
(B|C) = (B) -
P(CIB) = . P(C) ===
200 7 80 L
7 20 28
P(BAC)y=—_P(B) = —P(C)=—
{’W)EO (B) 80() =
P(B|C) = P(B), P(C|B) = P(C) these may be implied by correct conclusion M1
P(B ~C)=P(B)xP(C) tlus approach requires the product to be seen
So. they are independent. Al (3)
(13 marks)

Notes I

(a) | Bl for 3 intersecting circles with 3 in the centre. Allow probs. or integers in diagram.

M1 for some correct subtraction e.g. at least one of 2. 4, 8 or for B: 20 — their(2+3+4) etc
Al for 2.4 and 8 (ignore labels)

Al for 11. 13 and 17 (must be in compatible regions with 2_ 4. 8 if no labels)

B1 for correct labels and 22 and box (Do not treat “blank™ as 0 so can’t use 0 for fi in (c))

(c) | M1 for a correct expression seen in (c) ( or ft their diagram). Correct ans M1A1
(d) | M1 for denominator of 47 or ft their numerator from part (c) and numerator of 38 or
their (17 + 8 + 13) or (their 47) — their (2 + 3 +4). Correct ans M1Al

(e) | M1 for stating at least the required probs.& labelled for a correct test (can ft their diagram)
M1 for use of a correct test with B and C Must see product attempted for P(B C) test.

Al for a correct test with all probabilities correct and a correct concluding statement.
NB MOMI1AQOQ should be possible but Al requires both Ms
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Q7.
Question Scheme Marks
@ | BWor IW |accept BuT.W or BAT W] [Condone P(B), P(Wjetc] (Bl
Since there is no overlap between the events or cannol happen together (0.e.) Bl (2)

(Accept comment in context e.g. “no one walks and takes the train”)

® g PB= P=2. PBAT) = Mi
25 25 25
P(BAT)#P(B)xP(1 [0.22036x0.32=0.1152 0.e.] M1
So Band T are not independent Aleso  (3)
© pom <] L or 028 Bl (1)
25
(d) IP(BAT) :]i_ or l or 0.2 Bl (1)
25 )
@ o 1 HT0B) _ "(d)"
P71 B =1 5= G+ M1
25
=2 or 0.8 Al (2)
9
[9]
Notes

(a) | 1* B1 for a suitable pair. Do not accept universally exclusive pairs such as £ and 5 etc
2° B1 for any correct statement. Accopt use of symbols e.g: BAnW =0 or P(I'nW)=0etc
But T~ W =0 is BO (since it is not a correct statement)

(b) 1* M1 foran attempt at all required probabilities with Labels for a suitable test {allow one error).
Accept use of A and Bas long as they can be identified as Band 7'by correct probabilities
Musst be probabilities not integers such as 3, 9. 8 etc for both these M marks

2** M1 for P(B)xP(T) evaluated (correct for their probabilities)

of P(BEnT)=P(B)=<P(T) stated or implied in symbols or using their probabilities.
or P(B|T)=P(B) or P(T'|5) =T stated or implied in symbols or using their probabilities.

Al fora conclusion of not independent. Requires all probabilities used to be correct and seen.
This A mark is dependent on both Ms

NB P(B|T) =2 & P(B) B or P(T'|B) =2 & P(T) =i_ seen, followed by a correct
8 25 9 25 X
conclusion scores 3/3

e e q
(@) M1 for a correct ratio of probabilities e.g. ——  of 5“’4 or
n s +

A correct ratio expression and at least one correct (or correct £.0.) probability substituted.

S [ [
Al for % with no incorrect working seen but é following from P(B | T) is 0/2. é alone is 2/2
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]3]
BE

Qs8.
Question Scheme Marks
Humber

(a) (R and § are mutually) exclusive. Bl
(1)
b 2 ’ M
(b) ; i ; +P(B) -P(AnB) use of Addition Rule l
2.1 p8)- Lenia) use of independence
3 = M1 Al
5 _3 pp)
12 4
5
P(B) =3 Al
(4)
(c) i 39159 MIAIft
,4 = o K I — —
X B 4 9 36 12
(2)
(d) 1
s ) . 9 M1
P(B|A) —% orP(B')or 3
4
4
2 Al
(2)
Total 9
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Qo.
%Tﬁigg? Scheme Marks
(a) P(JuK)=1-0.7 or 0.1+40,15+005= 0.3 Bl
(1)
=0.05+0.15 “0.3"-0.25+0.15 or “0.3"=0.25+ -0.15
(b) P(K)=0.05+0.15 or 0.3 +0.15 or “0 | P(K)-0.1 M1
May be seen on Venn diagram
=0.2 Al
(2)
aq P(KnJ)
PK|J)|=—— M1
(c) [Pk |7)] )
0.15
= Al
0.25
3
= : or 0.6 Al
(3)
(d) P(J)xP(K)=0.25x0.2(=0.05). P(JnK)=0.15 or
P(K|J)= 0.6. P(K) = 02 or may see P(JIK)=0.75 and P(J) = 0.25 | M!
not equal therefore not independent Alft
(2)
(e) Not independent so confirms the teacher’s suspicion or they are linked Blft
(This requires a statement about independence in (d) or in (e)) (1)
(9 marks)
Notes

b) M1  for a complete method. follow through their 0.3, leading to a linear equation for
P(K)

NB You may see this Venn diagram.

A correct diagram (Venn or table) implies M1 i (b)
Need not include box or 0.7

Correct answer only is 2/2

In parts (c¢) and (d) they must have defined 4 and B
(c) M1 for a correct expression (including ratio) in symbols.
1% A1 for a correct ratio of probabilities (if this is seen the M1 is awarded by implication)

Must be in (¢). Condone no LHS but wrong LHS (e.g. P(K) or P(J|K)) 1s MOAO
2™ Al for correct answer as printed only. Correct answer only 3/3

Mark (d) and (e) together

(d) M1 for a correct comparison of known probabilities for an independence test - ft their
values. E.g. P(J)x P(K) with P(J ~ K) or P(KJJ) with P(K) [Must have
expressions)

The values of these probabilities should be given unless they are in the question or
stated elsewhere.
Alft  for correct calculations and correct comment for their probabilities

(e) Blft ft their conclusion on independence so not independent confirms
teacher...independent contradicts teacher.
Methods leading to negative probabilities should score MO0
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