A-Level

Topic : Discrete , Continuous Hypothesis and Types of Error

May 2013-May 2025

Question 1

Assume shots independent OR
prob of scoring constant

H,: P(score) = 0.82
H,: P(score) > 0.82

20 % 0.82" x 0.18 + 0.82”
=0.102 (3 sf)
No evidence that improved

Answers

Bl

Bl

M1
Al
B1f 5

In context

Both. Allow ‘p’

For use of Bin(20,0.82)and either P(19)
and/or P(20) attempted

Valid comparison seen (with 0.05 if H; p#
0.82) and correct conclusion ft numerical
errors in 0.102 only

Normal approx’n: Bl B1 (p=16.4
acceptable here) if earned, then:

J20x0.82x(1-0.82)

need cc)

comp z=1.282

No evidence that improved SC 1
Same scheme for proportions

[Total: 5]




Question 2

(i) | Assume sd unchanged or 4500 Bl
Hy: Pop mean = 34600
H,: Pop mean > 34600 B1 Both. Allow just g, but not just “mean”
35400 — 34600
4500 Ml Allow without V90
J90
=1.687/1.686 (1.69) Al
cf 1.645 < 1.686 M1 Valid comparison ( or 0.0458/0.0459 <0.05
increased Alf 6 | IfHi: #, and 1.96 used, max
B1IBOM1A1IMIAILfNo contradictions
(ii) | Distr'n of X unknown. B1# Allow not Normal
Yes Bl*dep 2
(iii) | 0.05 or 5% B1 1
(iv) | a=34600 _, 45
4500 Al M1 Attempt to find cv must see (+) 1.645 allow
J90 without V90. If found in (i) award when
a=35380 Al used
35380 —36500
== " (=-2.361
4500 ) M
90
1 - ®(*2.361") M1 Standardising with their “ CV * must use
=0.0091 et 6 | V90
Correct tail
[Total: 14]
Question 3
M | 73.1-752 _ | sea
ST ’ M1 For standardising (with n)
Jn

(i)

n= {— 1.563x5.7+(— 2.1)}?

n=18

Assume s.d. for the region is 5.7

Hy: pop mean (or u) = 75.2
Hy: pop mean (or u) <75.2
1.563 comp 1.555
Evidence that plants shorter

Al
Bl [4]

Al [3]

Al Any correct expression for n or Vn.
May be implied by ans.

Bl Both (could be stated in (1))

M1 For comparison of z values / areas /
x values

CWO. No contradictions

[Total: 7]



Question 4

(i) | Ho: Pop mean (or A oru)is 5.3
H;: Pop mean (or 4 or ) is less than 5.3 Bl Both
P(X<1)=e>*(1+53)
55 5.3
P(Y<2)=e™(1+5.3 +T YP(X=2) Ml Both attempted
P(X<1)=0.0314 or 0.0315
& P(X<2)=0.102/ P(X=2)=0.7071 | SegeEay
ST AR— Al Dep. M1 and P(X < 1) < 0.05 <P(X <2)
No evidence mean has decreased BIf [5] | ft their CR
(ii) | Concluding mean has decreased when it Bl In context
hasn’t
‘0.0314 0r 0.0315° BIft[2] | ft their P(X < 1), dep. <0.05
(i) | (Po(18.4))
N(18.4, 18.4) Bl Stated or implied
Blft Bl for N(18.4, ..); Bliffor var. = 18.4
20.5-184 r il : g
b, (=0.490 Mil For standardising with or without cc. Allow
V184 . without V
MI Use of tables and attempt to find area consistent
I —®©(°0.490) with their working
=0.312(3s.f) Al [5]
[Total: 12]
Question 5
(i) | Conclude die is biased when it isn’t oe | Bl In context
3 2 4 5 2
1 ) 1 ) 1 1 1 |
5 5
C, = |=]| +5/=||=|+|=]| t5 orl —|°C,| = ||=13+5]—
[6J [6J [6J (6J [6J = [ 2[_5] [6} [6J(
=, or 0.0355 (3 sf) Al allow 1 end error
648 [3]
(i I
State or attempt P(0, 1, 2) withp= 3 M1 Or 1-P(3.4.5)
5 2 ? i, 3 il 2)1 ' 5 i : Mil Attempt at correct expression
“A3 )13 303 3
17 Al Allow 0.21
=— or0.210 (3 shH) [3]
81
iii 0.625x(1-0.625
W) | st varp) = x( ) i
30
3
Tozs”
z=2.054 (or 2.055) Bl
0.625 £ zx, 3 Ml Any z
1024
=0.514 to 0.736 (3 sf) Al
(4]

5

6

j#]



Question 6

Hy: Pop mean =17
H;: Pop mean # 17

18.2-17
24

NG

=1.12 (3 sf)

‘1,12 < 1.96 o¢

Claim can be accepted

Question 7

(1

(ii)

(iii)

E (X)=3.5
(1422432 +4+ 5 +6)+ 6-
ES3-5")2

_35

=15 AG)

Attempt P (X <3)or 1 - P(X=3)
N (3.5, ?—3;50)

3_!!3-5H
é/50
12
@ (*-2.070")=1- P(*2.070)
=0.0192

(=-2.070)

as final answer

Die 1s biased (towards lower
numbers)

Mean of 50 throws > 3 (Allow >
3)

or Equal nos of high and low
scores

or More high scores

Bl

M1

Al

M1

Alft

B1
B1

M1
M1

M1

M1

Al

B1
indep

B1
indep

[5]

n

Both correct. Allow g, but not
just “mean”

Allow incorrect 18.2. Must
have V5

Comp “1.127 with 1.96 or area
‘0.132° with 0.025

ft their *1.12

IfHy: > 17 and cf 1.645:
can $core max

17+£1.96 24 M1

NG
=(149,19.1) Al

‘14.9°<18.2<19.1°
M1

BOMIAIMIALft
21/6
oe, must see correct expression and no incorrect
working
seen or implied
seen or implied
Pl ST
33 /50
12
D(-2.111")=1-D(2.111°)
=0.0174 or 0.0173
Consistent area
As final answer
or valid total method
Allow with incorrect cc (e.g. 2.5) OR no V.Must
have +50
Comment implying die is biased
Comment implying results of exp’t do not
indicate bias
(or indicate bias towards higher numbers)
Both must be in context




Question 8

(i) | Assume sd unchanged or B1 Oe e.g. var unchanged
sd=104
Hp: Pop mean speed (or ) =62.3 B1 Both. Not just “Mean ..~
Hi: Pop mean speed (or u) <62.3
39.9-62.3 M1 Accept sd/var mixes, but must have V75
75
=-1.999 or —2.00 (allow +or—) | Al Correct z value ( or correct critical value )
Compare — 2.054 or —2.055 M1 Valid comparison of z's/areas/critical values
No evidence that mean speed Al ft 6 | No contradictions. Do not ft 2-tail test.
decreased
(ii) | Pop distribution unknown B1
Yes B1 2
Question 9
(i) P(TypeI)=1 - P(>4 assuming p =0.7) | Ml or P(<3 assuming p =0.7) May be implied
1-(°Cy x 0.7*%0.3% + °C5 < 0.7° x 0.3 6C3%0.7°%0.3*+°C,x0.7°x0.3*+°C,x0.7x0.3°
+0.7% Mi +0.3°
(=1-0.744) Allow one end error
=0.256 (3 s.f.) Al [3] | =0.256 3 s.f)
SR if zero scored allow B1 for use of B(6, 0.7)
in any two or more terms
(ii) P(Type II) = P(= 4 assuming p = 0.35) | M1 May be implied
=5C,; 035" % 065> + Allow one end error
5Cs x 0.35° x 0.65 +0.35° Ml
=H0:117 Al SR if zero scored allow B1 for use of B(6, 0.35)
[3] | in any two or more terms
(iii) Type 1 Bl
They will reject Luigi’s belief, although
it might be true. Bl [2] | In context




Question 10

(1)

Hp:p=0.2
Hi:p<02

P(Oor1 5sin 25| Hp)

=0.0274 3 s.f)
Comp with 0.025

No evidence (at 2.5% level) to
support claim

Concluding that the machine
produces the right proportion of 5s,
although it doesn’t.

Question 11

x = 1.65

est (02) = m[

99

100

= 0.040404... = 4/99
1.65-1.6
(j:) " "
100

= (%) 2.487/2.488 accept 2.49 Or
0.0065/0.0064 if area comparison
done

comp with 1.96

There is evidence that y is not 1.6

Bl

M1

Al
MI

Al

Bl

Bl

Ml

Al

MI

(5]

Al [6]

(Allow )

0.8% + 25 x 0.8** x 0.2 Use of B(25,1/5) and
P(0) or P(1) or both — may be implied by
“0.0274”

Valid comparison

No contradictions

SR Use of Normal N(5.4) leading to z = 1.75 or
0.0401 B1* Hy 4 =5 H; u <5 BIl. Comparison
1.75<1.96 or 0.0401 > 0.025 B1* dep

Not concluding that the machine produces too
few 5s although it does. Must be in context
o.e. No contradictions

Without 129 Lol t EoEg
100
=250 Al

CV Method M1 must use 1.96 Al for 1.639 or
1.6106

For valid comparison (z/z Signs consistent or
area/area cv)

Accept Reject Hy No contradictions



Question 12

()

Questi

2nd

More representative of all appointments
or Lengths may vary during the day

or 1* does not include later appts so not
representative

Concluding that times spent are too long
when they are not.

Ho: Pop mean appt time (or ) =10
H,: Pop mean appt time (or ) > 10

147
5 10
34

V12

()

= (+)2.292 or (0.0109 if area comparison
done)

#2.2927=2 386 g6,

(No evidence to reject Hy.)
No reason to believe appts are too long

Normal population

on 13
Hy: Pop mean (or ¢ or 1) =50 (or 5)

H;: Pop mean (or ¢ or 1) # 50 (or 5)

60.5-50

NEN)

= (£)1.485 OR 0.0687 OR C.V

()

1.485 < 1.645 or 0.0687 > 0.05
No evidence that mean changed

Bl

Ml

Al

Ml

[5]

Bl

M1

Al

M1
Al [5]

Any implication that times or conditions vary
throughout day, e.g. doctors get tired

Concluding that the mean time spent is more
than 10 mins when it is not. Mustbe in context.
Both correct. Allow

. but not just “mean” :

. - 14T E 34
Allow incorrect 222 1 10+ 2.326 % M1
W1 ITcC 12 : J_

12
Must have V12

(accept totals

method) = 1228 Al

For valid comparison | 147 <1228 M1
Comp “2.292” with | 12
2.326
Or 0.0109 with 0.01

Or 147/12 with 12.28 }

Dep 2.326, ft their
LS2-292’!
No contradictions

Must have “population” or equiv

Not just “mean”

For standardising with N(50,50) or N(S,S/\/l 0)

Allow M1 with wrong or no continuity
correction OR no

(accept c.v method M1, Al for 61.63 or
48.868)

For valid comparison (zs or areas or cv)
(S.R For cv comparison 61.63 only award
final Al if cc used)

orifHy: 2> 50, 1.485 <1.96
No evid mean changed
(i.e. if one-tail test, max BO M1 A1 M1 A0)

MI
A0



Question 14

Ho: Rate=0.9
H;: Rate < 0.9
1-P(17, 18, 19, 20)

()

I <P % 0.1 %087+ 2 0.5
x 0.9 +20 x 0.1 x 0.9'° + 0.9
=0.133 (3 sf)

Type 11
Hy will not be rejected

Bl
Ml

p=09
p<09
Use of B(20,0.1)

Allow 1-P(18,19,20) or 1-P(16,17,18,19,20)

or Stephan will conclude standard not fallen
No contradictions

Question 15

Hyp: 11=250
Hi: u>250

250.06-250
0.2++/40

=1.90

comp with z = 1.645

Claim is justified

or There is evidence that claim is true

[Total: 6]

Bl

M1
Al

Ml

Al [5]

Both hypotheses

M1 for standardising, must have V40.
Accept cv method

For valid comparison “1.90” with 1.645 or area
comparison or CVs

Correct conclusion. No contradictions

NB 2-tail test scores BO M1 Al M1 (use 1.96) A0

[Total: 5]



Question 16

(@

(i)

(ii)

Ho: population proportion = 0.1 oe
H,: population proportion > 0.1 oe

P(X=4)=1-P(X <3)=
] [0_9‘8 +18%0.97 x0.1+

BC, x0.9' x 0.12+'8C; x 0.9" x 0.13}

=0.0982 (3 sf)

Comp 0.08
No evidence that more reach Im

Not rejected Hy
Type 11

P(X =5) (=0.0282)
0.0282 < 0.08

P(Type I error) = 0.0282 (3 sf)

Question 17

(1)
(ii)

“Different” being investigated

Hp: Pop mean (or &) in region
same as elsewhere

H;: Pop mean (or ) in region diff
from elsewhere

1.91 <2.054 (or 2.055) or
-1.91 >-2.054

No evidence that mean 1s different

B1

B1

M1

Al

B1

M1

Al

M1

Al

Bl'\"l‘
Bldep

M1
B]. '\'i'

Al

(1]

13

Allow “p=0.1" and “p > 0.17

Allow 1 — (one term omitted or extra or
wrong)

(note CR method 0.0982 and CR = 5 for
Al)

Valid comparison (0.9018 < 0.92 also
recovered previous Al). Or4 is not in
CR

Dep MIMI no contraditions

[5] | “Accept Hy” provided Hy defined

Ft their (i)
[2] | If (i) “reject Hy” then ft gives Type I
error

Attempt P(X =5) e.g. 0.0982" —

8, x0.9'* x0.1* oe. Valid comp of

their = 5 (if CR method used, could be
13] awarded in (1))

Oe (“changed”, “not equal to™)

Must be “pop mean”, not just “mean”
Can be awarded in (1)

oe

or P(z>1.91)=0.0281 > 0.02 or 0.0562 > 0.04
or 0.972 < 0.98 Accept 2.05 if nothing better
seen.

inequality sign incorrect M1A0O

no contradictions

“accept Hy” provided Hp reasonably well
defined



Question 18

(i) A=4.65 Bl
4s5  465° M1 Poisson P(X= 4) with any /
e X T y A
=0.186 (3 sf) Al 3
(i) A=3.875 Bl
i 8752 P(X=0,1,2)
= & 1+3.875+ 2 =0.257 (3 Sf) M1 [{tten‘lptedj any A
Al 3 | As final answer
(iii) A=1.5 Bl
r 1.5%
[~ 1+l-5+7 M1 1-PF=0.1,
) Attempted, any A
=0.191 (3 sf) Al 3 | As final answer
(iv) He will reject Hy. Bl 1
Total: 10
Question 19
(i) 3 Bl or 48° Accept 4.8V40 or 4.82 x 40 for
V40 T '
totals method
50.3-49.5
— a8 (= 1.054) M1 For standardising with their SD Accept
gL +
\/‘E Accept totals method. No mixed
methods
1 - @(‘1.054") MI For use of tables and finding area
consistent with their working
=0.146 (3 sf) Al 4
(ii) (a) | Looking for decrease Bl 1
(b) | Hyp: Pop mean time spent (or u) = 49.5
H,: Pop mean time spent (or ) < 49.5 B1 Not just “mean time spent”
1920
T —49.5 48
=-1.976 3 isi T
18 ( ) M1 For standardising. Allow 0
Jao Accept totals method; CV method.
No mixed methods
‘1.976° > 1.555 (or *-1.976° < —-1.555) M1 For valid comparison (area comparison
0.024 < 0.06)
There is evidence that mean time has Al 4 | CWO. No contradictions in conclusions
decreased.
(c) | Population normally distr so No Bl 1 | Both needed




Question 20

(i) | Cables broken
or not all cables can be accessed oe

or Too many cables oe e.g. previous days’ stocks may have gone
or too time consuming oe Bl [1]
(ii) | Hy: Pop mean brk str (or 1) =5 Bl Not just “mean”
H;: Pop mean brk str (or ) <5
(+) 4'905: 5_5 Ml Allow 60 instead of V60
Jeo
comp £2.326
There is evidence that mean breaking Bl fi Ft their -2.582
strength is less than it should be (No fit 2 tailed test)
Or reject Hy (Hp correctly defined) [4] | Correct comparison shown, no errors seen.

Accept area comparison 0.0049 with 0.01

[CR method (x — 5)/(0.15/60)

=-2326 M1 Al

leading to x = 4.955 compared to 4.95and
correct conclusion B1ft

OR ((x — 4.95)/0.15/\60) leading to 4.995 M1
A1 compared to 5and correct conclusion BIft]
(iii) | Population not necessarily normal Bl SR BI1 For “it” 1s not necc normal (no

SO yes Bldep [2] | mention of population) AND Yes

Question 21

1
(i) | Ho: P(correct) = 3 OrHpp=1/8
] Hip> 1/8
H;: P(correct) > 0 B1 [1]
15 1Y{'7 B §
(i) l[() +]0[) [J +1°C2[J [) ] Ml M1 for attempt at correct expression accept 1
: 8 8/\8 8/\8 error only, e.g. | term extra, omitted or
wrong, or omit “1-"" or incorrect p/q
Al Correct expression
=0.120 (3 sf)or 0.119 Al [3]
Note Use of Poisson in (ii) could score M1
only for expression 1 —P(0,1,2) A =1.25
(iii) | 12% BIf  [1]] ft their (ii) Must be a probability




Question 22

(i) | Conclude flight times affected B1 Or accept pop mean changed from 6.2
when in fact they have not been. Bl 2 | although pop mean has not changed from 6.2
(ii) | Hp: Pop mean (orpu)=6.2
Hy: Pop mean (or u) #6.2 Bl
598-6.2 M1 Allow with 40 instead of V40 Allow SD/Var mix
0.8 Al (CV method 5.952 or 6.2279 M1 Al)
B m Bl For valid comparison
=-1.739 () Accept (+)1.74 4 | or P(z < 1.739) = 0.041 > 0.025 or 5.98 > 5.952 or
comp z = 1.96 6.2 <6228
] . L R and correct conclusion
No evidence that flight times affected
(iii) | Hp was not rejected oe Bl* If in (i1) Hy was rejected, then:
Type I Bl*dep | Hyrejected Bl; Typel Bldep
2
Total 8
Question 23
(i) | Hp:2=10.5 or Pop mean = 0.5, not just Mean = 0.5
or Pop mean (per m®)=0.1
Hi: 4>0.5 Bl 1 | Accept u instead of 4
(i) | 1-e*(1+0.5) Ml 1 - P(X=0,1) attempted, any 4. Allow 1 end error
=0.0902 (3 sf) Al Allow 0.09
comp 0.1 Ml Valid comparison NB 0.9098>0.9 recovers M1A1 M1
Claim justified or there is evidence to oe  Accept ‘Reject Hy' if correctly defined
support claim A1¥" 4 | No contradictions.
Question 24
(i) | Ho: pop mean (or ) = 12.4
Hi: pop mean (or 7) > 12.4 Bl not just “mean”
129-124 Ml Allow with 50 instead of V50
2.1++/50 Al
1.684
BIf [4] |orP(z> 1.684)=0.0461 > 0.025
comp cv z= 1.96 Allow accept Hy if correctly defined.
No evidence that pop mean time has Ft their test statistic. No contradictions
increased
(ii) | Not reject (or accept) that mean time is
unchanged (or is 12.4) oe B1
although mean time has increased (or is
more than 12.4) oe Bl 2]
(iii) | True (or new) mean Bl [1]
[Total: 7]




Question 25

(i) | Hep=020rpu=10
Hi:p>020ru>10 Bl [1]
(ii) | N(10, 8) seen or implied Bl - N[O 5 0.2 x O.SJ
P 50
125—100r%702 Mi
\/g \/ e For standardising allow with no or wrong cc
Al
=0.884
1.282 L
oe L Allow area comparison with 0.188
or comp 1.645ifH, p#0.2
OC:E;?: ;\ig;;;: ltzdsu orialifih Alf  [5] Allow accept Hy provided correctly defined.
pp Follow through their test statistic ;dep 1-tail
test
No Contradictions
SR; Use of B(50,0.2) scores Bl provided at
least two probabilities calculated. M1 For
finding P(X = 13) allow one end error. Al
for 0.186
[Total: 6]
Question 26
(i) Ho: ;1= 2.60
Hy: 4> 2.60 B1 allow pop mean, not just ‘mean’
4 2.64-26
0.2+ 75 s
= +1.732 Al accept + 1.73 ( 3 sf)
valid comparison with 1.645
‘1.732’ > 1.645 (or0.0416 <0.05)
Reject Ho. There is evidence that 4 has 5 and correct conclusion ¥ their 1.732
increased B1+ [4] | no contradictions
(or CV method x. = 2.638 MIAI
comp 2.64 > 2.638 and concln B1 ")
SR two tail test, using 1.96 ( or using
0.025) can score BOM1A1BI1ft max 3/4
i x—2.6 _ N
(i) = =1645 (x=2.638) M1
02++/75
+ 2.6382.68 M1 for standardising with their « 2.638 «
0.2 ++75 using 2.68
= +1.819 Al accept 1.82 ( 3 sf)
O(*-1.819) =1 - DO(°1.819%) M1 indep M mark, calculate correct
area/prob consistent with their working
E0.0345 or 0.0344 Al [5]




Question 27

(@) |[1=45
g (=0.011109)
450
99
(ﬁ] (= 0.010860)
(0.011109'-'0.010860' )
\ '0.010860 =100
=2.29% (3 sf)
(b) | Hy: P(6)= % orp=

Hy: P(6) < % orp< 1

=0.189 (3 sf)

comp 0.1

No reason to believe die biased

Question 28

Prob could be different later in day
or on a different day oe

Looking for decrease (or improvement)
Hp: P(not arrive) = 0.2
Hi: P(not arrive) < 0.2
Concluding that prob has decreased (or
publicity has worked) when it hasn’t oe

P(X=0) and P(X = 1) attempted

P(X<2)=0.8"+30x0.87x0.2+
00, x 0.8% x 0.2
(= 0.0442)

PX<3)=08"+30x0.8"x02+
30C2><0_828><0_22 4 30C3><0_827><0_23
=0.123

crisX<2
P(Type I)=0.0442 (3 sf)

3 1s outside cr

No evidence that p has decreased (or that

publicity has worked)

B1
M1

M1

Al

B1

M1

Al

M1

Al

M1

B1

[5]

alone allow any /4

Both needed

allow one error ( extra term/missing
term / incorrect term )

CR method: attempt at least P(0) and P(0
and 1) (0.010... and 0.06... <0.1)

CR is 0,1 and must see 0.189 for Al

valid comp ‘0.189" with 0.1 oe
valid comparison of 2 with CR

correct conclusion, ¥ their 0.189
no contradictions

or any explanation why not random
or “Not random” or “Not representative”

oe
Allow “p=0.2"

B(30, 0.2) Not nec’y added
May be implied by calc P(X' < 2) or
P(X<3)

Attempt P(X' < 2)

Or 0.0442° +*°Cy x 0.8%7 x 0.2°=0.123

Comparison of 3 with their cr
or P(X < 3)=0.123 which is > 0.05
Correct conclusion. No contradictions




Question 29

(@)

(ii)

Hy: pop mean journey time = 35.2 mins
H,: pop mean journey time < 35.2 mins

34.7-352

ey (=-0.440)

(< "-0.446") = 1 — ("0.446")
= 0.328 (3 sf)

H, is rejected but Type II error can only
be made if Hy is not rejected

Question 30

Hy: P(hit target) = 0.65
H;: P(hit target) > 0.65

20C,% 0352 %0.65% + 19 x 0.35 x 0.65"°
+0.65%°
=0.0121 (3 sf)

Comp 0.01
There is no evidence (at the 1% level)
that she has improved

Question 31

(@)

(ii)
(iii)

Hy: Pop mean = 2.5 (or 7.5)
Hy: Pop mean < 2.5 (or 7.5)

1=75
P(X < 2) =€ 3(1+7.5+ 22 ) = 0.0203

P(X<3)=0.0203 + &% 75 = 0.0591
CRisX 2

Reject Hy
Evidence that no of sightings fewer

P(Type I) = 0.0203 (3 sf)

Hy was rejected oe

Question 32

H,: Pop mean yield = 8.2
H;: Pop mean yield > 8.2

1) 8782
& 1.2/16

= (£)1.667

Comp z = 1.645 Or Area comparison
0.0475-0.0478)

Reject Hy

Evidence that mean yield has increased

B1
M1
Al

M1
Al-—,ll-

B1

M1
Al

Al

A1Y[5]

B1Y [1]

Bl [I]

B1
M1

Al
M1

Al [5]

Allow "i". Not "mean journey time"

For standardising (V25 needed)

For correct area consistent with their working
As final answer

Allow just "Hy is rejected." oe

Allow p=0.65
Allow p = 0.65

Allow one end error. Allow p/q mix. Allow (1-)
for M mark
A mark recovered following valid comparison

For valid comparison

She has probably not improved. No
contradictions.

(SR Use of Normal M0, but M1A1 for valid
comparison could be awarded)

or 4= 2.5(Not just “mean”) Allow p
ordi<25

Either P(X<2) or P(X<3), allow any 4
Both Correct

Clear statement

Follow through their CR/their P(X<2)

ft their P(X < 2)

or Type II is P(not reject Hp)oe

or i = 8.2(not just “mean”)
1>82

Allow without  sign (Allow cc)

Orcomp 1 - ®('1.667") with 0.05

Valid Comparison z-values (same sign) or areas
No Contradictions

No follow through for 2 tail test




Question 33

Hq: 4 (or 1) =42
Hi: A (orp) #£42
Po(42) ~ N(42, 42) stated or implied

53.5-42
Iy

=1.77(4) (or 0.038 for area comparison)

comp 1.96

No evidence that mean has changed

Question 34

()

(i)

Conclude less than 90% satisfied when this |B11

1S not true oe

Question 35

@

(i)

1-(09"+15x%09"x 0.1 M1

+ 180, x 098 x 0.17 +¥C3 % 0.9% x 0.1°)  |M1
=0.0556 (3 sf) or 0.0555 Al [3]
Hy: =125
Hy: e #12.5 B1

13.5-12.5

422450 it
=1.68(4) Al
‘1.684° < 1.96 M1
No evidence that mean time has Al ft  [5]
changed
0.05 B1 [1]

B1
B1Y

M1
Al

M1

AlY [6]

Or pop weekly mean = 2.1 etc.

allow ‘population mean’ not just ‘mean
ft their ‘42" (Accept alt method
N(2.1,2.1/20)

]

allow with wrong or no cc.
Accept alt method using N(2.1,2.1/20)
with or without cc

Valid compzor 1 — (°1.7747) with
0.025 seen

allow comp 1.645 if H: A (or i) > 42
No contradictions. No ft for Hy: 4 (or i)
> 42

Note — accept other valid methods(e.g.
cv method)

In context

Attempt (1-)P(X = 15,14,13,12) allow 1
end error
Attempt fully correct expression

allow 4.2 + 50

comp 1.96 allow comp 1.645 if HI: p >
12:5
orcomp 1 — (°1.684") with 0.025

No contradictions
ft their 1.684, but not comp 1.645



Question 36

B(200, 1) —N(1, 2)
25.5-100
J’ET—O

=—1.486

comp ‘1.486" with 1.282

Evidence to reject Hy
There is some evidence that p < %

or, e.g. Itis likely that p < 1 oe

Question 37

Hy: P(free gift) =03 or p=0.3
Hi: P(free gift) < 0.3 0orp < 0.3

PXY<2)=

0.7 400803 80 3+ 70075 %

a2
s )

=0.03548 or 0.0355

P(XY<3)=

‘0.03548 +°C3x 0.7 % 0.3° (=
0.107)

One comparison with 0.05 seen

P(Type I error) = 0.0355 (3 sf)

P(X < 3)="0.107
‘0.107° > 0.05
or cv =2 and compare 3 >2

No evidence to reject claim oe

B1
M1
Al

M1

Al ft

Mi*
Al

Mi1*

Al

[5]

seen or implied
allow with wrong or no cc

(Accept alternative correct methods)

orcomp (‘1.4867) with 0.1

No contradictions

P(X < 2) attempted

P(X < 3) attempted

or implied by fully correct methods for
P(Yg2)and P(X < 3)

dep on all 3 Ms

Compare their P(X < 3) with 0.05

No evidence that 30% is not correct oe
ft their 0.107



Question 38

i Hy: Pop mean time (or z) = 20.5
H;: Pop mean time (or x) < 20.5 B1 Not just “mean”
e M1 Allow without v sign
=] R Al (accept £1.667/1.67)
or 0.0478/0.952 if areas compared
‘1.667° <1.751 M1 Correct comparison of their z ;. with
(or “-1.667" >—1.751) 1.751/1.75 oe valid comparison of areas
No evidence that (pop) mean time (0.0478 > 0.04)
has decreased Alft [5] | No contradictions (ft their =)
ii =205 _ _ _
(ii) o =151 M1*
cv=20.29 or 20.3 Al
'20.29'-20.1 : b ro 203201 f—
oo (=1.583 or 1.582) DM1 Allow = (=1.667) M1
1 —®(*1.583") M1 1 -®(°1.667) Ml
=0.0567 —0.0569 (3 sf) Al [5] | = 0.0478 (3 sf) Al
(iii) Concluding (mean) time not Must be in context
decreased when in fact it has. B1 [1] | oe

Question 39

@) Hy: P(6) =" H;:P(6) < B1 [1] | AllowHy: p=" Hip<s
15
(i) 2) M1
=0.065>0.05 Al [2] | Correct result and comparison needed for A1
SR if 2 tail test followed allow A1 for
0.065 = 0.025
(1ii) (sY°=0054and (3)'=0045 M1 gith
Smallest » is 17 Al [2] | No errors seen
OR
(%)" < 0.05 and attempt to solve M1
rrln(%) <1n 0.05
smallest n 1s 17 Al




Question 40

(i) Hy: Pop mean time (or ) = 20.5
H;: Pop mean time (or ) < 20.5 B1 Not just “mean”
- M1 Allow without \ sign
—_1.667 Al (accept £1.667/1.67)
or 0.0478/0.952 if areas compared
‘1.667° < 1.751 M1 Correct comparison of their z_;. with
(or ‘—1.667" >-1.751) 1.751/1.75 oe valid comparison of areas
No evidence that (pop) mean time (0.0478 > 0.04)
has decreased Alft [5] | No contradictions (ft their )
ii =205 _
(i) e =175 M1*
cv=20.29 or 20.3 Al
2029'-201 = ; o OELEHA) e
1-®(‘1.583") M1 1-®(‘1.667°) M1
=0.0567 — 0.0569 (3 sf) Al [5] | =0.0478 (3 sf) Al
(iii) Concluding (mean) time not Must be in context
decreased when in fact it has. B1 [1] | oe
Question 41
(1) A=)4.5 B1
e*(1+45+ 4.2_512 M1 | Allow any 4. Allow one end error
=0.174 Al
Total: 3
(i1) Accept reduction in mean no. of B1 | or Mean is 0.9 (or 4.5) but < 3 missed
missed appts although untrue appts. In context
Total: 1
i) P(X = 3) M1 | Attempted
=l-el(l+1+ 1_2’ M1 | Allow any 4 except 4.5 or 0.9, Allow one
* end error
=0.0803 (3 sfs) Al




Question 42

(1) Hy):p#£64 B1
Total: 1
i1) comp 2.43 with a z-value M1 | oe valid comparison
z=2576 AND
No evidence that z 1s not 6.4 Al | Allow “Accept = 6.4”
or do not reject = 6.4 Must mention z, not just “Hy” or “H;”
Total: 2
111) Testing for an increase in g, or for a B1 | Any equiv statement
decrease in y, rather than a change
Question 43
7(1) Ho: Pop mean no. accidents = 5.64 B1 | or “=0.47 (per month)”
H;: Pop mean no. accidents < 5.64 not just "mean". but allow just "A" or “u”
Useof A =5.64 B1 | used in a Poisson calculation
— o8 (L+564+ #) M1 | Allow incorrect 4 in otherwise correct
=0.08(0) Al
Comp with 0.05 M1 | Valid comparison (Poisson only). no contradictions.
No evidence to believe mean no. of accidents has decreased; accept Hy (if AI1FT | Normal distribution: MIOMO0
correctly defined)
Total: 6
"(it) Mean < 0.47 but conclude that this is not so B1 | (Mean) no. of accidents reduced. but conclude not reduced.
Must be in context.
Total: 1
(iit) (Need greatest x such that P(X < x) < 0.05 ) B1 | Both. could be seen in (i)
P(X < 1)=e % (1+5.64)=0.024
P(X < 2) = 0.08
Hence rejection region is X < 1 B1 | Can be implied
With A= 12x 0.05=0.6, Ml | /=06and 1 -PX 1)
1-PX < 1) =1-¢"%1+0.6)
=0.122 (3 sf) Al | Normal scores 0
Question 44
() 0.752%+ 20 x 0.75% x 0.25 + 2°C, % 0.75% x 0.25? M1 | No end errors
=0.0913 Al | As final answer
Total: 2
(ii) Hy: Pop proportion=0.25 B1 | Allow p or 7. not "proportion"
H;: Pop proportion<0.25 (Accept anywhere in the question)
0.75P+25 x 0.75%*x 0.25 M1 | Must be B(25,0.25) No end errors
=0.00702 Al
comp 0.01 M1 | Valid comparison
There is evidence that the claim is not justified A1 FT | OE. No contradictions




Question 45

3(1) mean = 6.6 B1 | B1 for 6.6 (could be scored in 1i1)
PX<1)=e5(1+6.6)=0.0103 M1 | Allow incorrect A in both probs
PxXg)=etf1+66+ %)= 0.0400 M1A1 | Al for both values
CRis XK1 DA1 | Dep on at least one M
P(Type I error) = P(X £ 1) = 0.0103 BIFT | FT their P(X g 1)

Total: 6
(i1) Wrongly concluding that (mean) no of (sports) injuries has decreased B1 | Must be in context
W(iii) Hy: A=66H;: A<6.6 B1 | Can be scored in (1). Allow or A/1.1 or 6.6
or P(X' < 2) = 0.0400 > 0.02
2notin CR M1
No evidence mean no. of injuries has decreased AIFT
Total: 3
Wiv) N(39.6, 39.6) B1 | May be implied
29_5%'6 (= —1.60%) M1 | Allow with wrong or no cc
D(“-1.6057) =1 — D(*1.6057) M1 | For area consistent with their mean
=0.0543 (3 sfs) Al
Question 46
Assume sd still = 3.8 B1 | or sd unchanged
Hyp: 4=64.0 Hy: y<64.0 Bl
ek M1 | Standardising with their values (no sd / var mixes) Must have
Jioe N100
=-1.842 Al
comp "1.842" with z-value M1 | comp +ve with +ve or —ve with —ve
"1.842" < 1.96 or comp ® ("1.842") with 0.975
0.9672 < 0.975 OE
No evidence that heights are shorter AI1FT | OE FT their z 4.




Question 47

3(1)

(i1)

¥=27/150 (= 0.18)

B1

150 [5.01 M1 | or var = 1/149(5.01 — 27.0%/150)
~———0.18" or variance
149 150
(=0.031729)
(var = 3/2980 =0.0010067)
Hy: Pop mean = 0.185 B1 | allow just ‘z/°
Hi: Pop mean < 0.185
0.18-0.185 M1 standardising, need /150
'0.031729'
Ji50
= (=)1930(3 sfs) or 1.93 Al
Comp withz=(-) 2.326 M1 | consistent signs
or using probs 0.0268 > 0.01 or 0.9732
<0.99
or using X 0.18 > 0.17897
There is no evidence (at 1% level) that A1 FT | conclusion FT
concentration with drug is less than no contradictions
without drug
cv—0.185  _ M1 | must use 0.185 and /150
o (- 2:326)
150
=0.17897 or 0.179 Al | acceptance region ( for Hp ) 1s = 0.179
"0.17897"-0.175 28 M1 | jmust use 0.175 and +/150
: _ (=1.534)
0.031720
V150
1—¢(*1.5347) M1 | indep mark
=0.0625 (3 sf) Al | Accept 0.0610 to 0.0628




Question 48

)

(i)

Hp: mean no. sales = 3.5 B1 | or “..=0.7 (per day)”

H;: mean no. sales > 3.5 M1 | allow ‘A’ or ‘z’ but not just ‘mean’
P(X>5)=1-¢>"(1+3.5+ M1

=0.275 A1l | allow 0.274

Comp with 0.10 M1 | valid comparison using Poisson
No evidence (at 10%) to believe that sales A1 FT | correct conclusion FT

per day have increased no contradictions

A=39 B1

30« 3-29: M1 | any A (+# 0.7 or 0.6), single term
=0.154 (3 sf) Al




Question 50

3D

(1)

Question 51

\(i)

m= 982 _ 0.982 B1 | Accept either
100
[100  [10452 M
5= x| ~0.982% (=028582)
Voo "V 100
or var = 0.08169
Hy: Pop mean mass = 1.01 B1 | not just ‘mean’, but allow just “u’
H;: Pop mean mass < 1.01
- M1 -
Jr('.70,982 1.01 JrC‘,982 1.01 M1
008582 0.284387
oo Jioo
=—0.980 (3 sf) accept £ Al | =-0.985 (3 sfs) accept = Al
Comp with z =— 1.645 (or areas 0.1635 > 0.05) M1 | Valid comparison of z’s or area’s
No evidence that (mean) mass is less than 1.01 Al FT | Correct conclusion FT their z
Distr of X normal (so distr of X normal) B1 | X/parent population
Must state or imply No
¥=27/150 (= 0.18) B1

5 5
Jl a \/ﬂ—o 18> or variance
149 150

(=0.031729)
(var = 3/2980 = 0.0010067)

M1 | or var = 1/149(5.01 — 27.02/150)

Ho: Pop mean = 0.185
H;: Pop mean < 0.185

B1 | allow just ‘47

0.18-0.185

'0.031729"
~150

M1 standardising, need /150

= (—)1.930 (3 sfs) or 1.93

Al

Comp withz=(-) 2.326

M1 | consistent signs

or using probs 0.0268 > 0.01 or 0.9732
<0.99
Or UsIng X 0.18 > 0.17897

There 1s no evidence (at 1% level) that
concentration with drug is less than
without drug

AL FT

conclusion FT
no contradictions




(i)

Question 52

(1)

(i)

ey—0185 .., MT | jhust use 0.185 and /150
coume (T 2:326)
Jis0
=0.17897 or 0.179 Al | acceptance region ( for Hy ) is > 0.179
"0.17897"-0.175 (=1.534) M1 | just use 0.175 and +/150
'0.031729' :
150
1 —¢(“1.5347) M1 | indep mark
=0.0625 (3 sf) A1l | Accept 0.0610 to 0.0628
Hy: mean no. sales = 3.5 B1 | or < ... =0.7 (per day)”

H;: mean no. sales > 3.5 M1 | allow ‘A’ or ‘4 but not just ‘mean’
PX>5)=1-¢e>(1+3.5+ M1

3_25'2 + 33_5{3 + 345{4

=0.275 A1l | allow 0.274

Comp with 0.10 M1 | valid comparison using Poisson
No evidence (at 10%) to believe that sales A1 FT | correct conclusion FT

per day have increased no contradictions

A=39 B1

e x 3-29!2 M1 | any A (# 0.7 or 0.6), single term
=0.154 (3 sf) Al




Question 53

(1) (Po)(2.4) B1 | seen or implied
242 243 M1 | allow + P(4)/one end error. Allow
et (1+24+ + ) wrong A
3!
=0.779 (3 sfs) A1l | Final answer (Note: accept
combination method)
3

(11) Hp: A (or mean) = 3.6 (or 0.9) B1 | Accept p

Hi: A (or mean) < 3.6 (or 0.9) for both

e (1+3.6) M1 | Allow any 4

=0.126 Al

0.126> 0.1 M1 | Valid comparison. (Comparison

with 0.9 could recover previous
M1A1)

No evidence that fewer than usual sold

A1FT

Correct conclusion. No
contradictions



Question 54

5(1) Hp: P(Orange) = 0.17 H;: P(Orange) < 0.17 Bl | orHy: p=0.17H;;p <0.17
i(11) Wrongly concluding that % age is less than 17% B1 | OE in context
allow "fewer than 3 orange in
packet even though average 17% is
correct”
1
(1i1) B(30. 0.17) stated or implied M1 | egby 0.17% < 0.83%(p + ¢ =30) or
30, _
C. (r=<30)
1-0.17*+30(1 -0.17)® % 0.17 + **Cy(1- M1 | correct, but allow + *°C3(1-0.17)*"»
0.17)%x 0.17% 0.17
=0.0949 (3 sf) Al | (SR:use of N(5.1,4.233) M1
standardising (with or without cc)
M1 max 2/3)
3(1v) P(> 3 orange | p = 0.05) M1 | stated or attempted; can be implied
= 1-[(0.95)*° + 30(0.95)® % 0.05 + *°C,(0.95)* M1 | allow + *°C3(0.95)" x 0.05° in
< 0.057] bracket, or ans 0.0608
=0.188 (3 sfs) Al
Question 55
5(1) Assume (pop) sd same (0.3) B1
Hy: Pop mean=2.4
H;: Pop mean # 2.4 B1 | Allow ‘g’ but not just ‘mean’
$23-24 M1 | Must have 430,
0;3 Critical region approach (2.293, 2.507) or (2.193.
30 2.407)
=41.826 A1
comp == +1.96 M1 | Valid comparison (e.g. compare 0.034 with 0.025)
No evidence that mean time changed Alf | In context. allow accept H, if correctly defined. no
contradictions.
One-tail test can score B1. B0, M1, Al. M1. A0 Max
4/6
6
(i) |0.05 Bl
1
(ii)(b) Concluding mean time has not changed when it has. B1 | OE. must have e.g. conclude/accept

SR Allow mean has decreased if a one tailed test in
Part (i)




Question 56

(1) Ho: P(10)=0.1 B1 | Both. Allow “p’ for P(10)
Hi: P(10) > 0.1
B(9.0.1) M1 | Allow one extra term in bracket
P(X33)=
1-(09°+9x09% x 0.1 +°C, x 0.9 x
0.1%
=0.05297... or 0.053(0) Al
comp 0.01 M1 | Valid comparison. (comparison with 0.99 can recover previous M1 Al for 0.9470)
No evidence (at 1% level) to reject Hy Alft | No contradictions
Claim not justified
5
(ii) H, not rejected oe B1
1
(iif) P(X > 4) M1 | or 1-(0.9°+9 % 0.9% % 0.1 +°C, % 0.9” x 0.1 +°C5 % 0.9° % 0.1%)

="0.05297" - °C3x0.9°x0.1°

=0.00833

Al

Note: 0.05297 and 0.00833 both needed in (i) or (iii) to justify CV

Hence crit value is 4

B1

Allow without working. Or in (i) May be implied by attempt at P(Y < 4) below

B(9.0.5)
P(Y<4)

M1

stated or implied

=05 +9x0.58x05+°C, %05 x
0.5 +°C420.5%20.5°

M1

Attempt P(XY'< 4) withp=10.5

P(Type II) = 0.254 (3 s)

Al




Question 57

7(1) Po(1.0) B1 | Seen or implied
el(1+1+ %) M1 | Allow any 4. Allow one end error.
=10.920 (3 sfs) Al
3
7(i1) P(Y>3)=1-e(1+1.5+ % +1'T513 M1 | Allow any 4. Allow one end error
=0.0656 Al
2
1ii)(a) Incorrectly concluding that more absences B1 | In context
than usual when there are not oe
1
ii)(b) | Hp:A=1.5(or 0.3) B1 | Or p
H;: A>1.5 (or0.3) Both
P(X > 4) = “0.0656" — ¥ x 13 M1 | or1-e®(1+1.5+ L2 415, 13
=0.0186 (3 sf)
P(TypeI) =0.0186 or 0.0185 Alft | Ft their P(X > 4) if less than 0.05
3
jii)(c) | P(Y>3) = "0.0656" BIft | Ft their (ii)
0.0656 = 0.05 M1
No evidence of more than usual male Alft | Ft their P(3>3). Correct conclusion.

absences

No contradictions.



Question 58

1 — M1 | For stand'n; must have V50
@ 14 314.2 = 0.456)
J50
1 —®(*0.456™) M1 | for area consistent with their working
=0.324 (3 sfs) Al
3
(1) No because n large B1 | Acceptn>30
1
iii) Ho: p=14.2 B1
Hy:u<142 or ‘pop mean’, but not just ‘mean’
13.5-14.2 M1 | For stand'n; must have V100
31
Jioo
=-2.258 Al
comp —2.054 (or —2.055) M1 | Valid comparison of z values or areas
(0.0119 < 0.02)
There is evidence (at 2% level) that mean A1ft | Ft their z. Correct conclusion no
mass in this area < 14.2 contradictions
5
Question 59
(O] Ho:pe= 51 Hp:p< 51 B1 | Or popn mean ...
X = 280 =49.8667 =49.9 B1
5= % 38105%0O - %)2) M1 Correct subst in s* or \/s_2 formula
=46.9620 =47.0 or s =6.85 Biased var scores M0
49866751 o]y 49251 M1 | Allow 49.8667 to 49.9 in numerator
5 Vi Need sqrt 150
= (=) 2028 = [--) 1965 Al | Accept 2.02 or 2.03
Accept —2.0264 —1.9651 provided correct
working
comp z=1.96 M1 | or comp 1 — $(2.025) with 0.025
There is evidence that g < 51 Al ft | no contradictions

biased var BIBIMOMIAOMI1A1ft (max 5/7)

accept cv method
Xt — 49.9028 MI1A1
49 867 <499... MIAl



(i1) = - 0 M1 | Need 51 and sqrt 150 and correct form
Viso
X=51-1.097=499 A1 | This may have been found in part (1)
Rejection region 1s X <49.9
4%_2;29 (=1.608 to 1.614) M1 | Need 49 and sqrt 150 and correct form
50
P(x >499 | u=49)=1—-®(1.608") M1
P(Type II error) = 0.0539 Al | Allow 0.0533 to 0.0539
5
Question 60
(1) Hop=1 Hip<i B1
i |
(11) 0.0084 < 0.01 Bl | Allow P(N < 36)<0.01 or 1%
There 1s evidence that p has decreased Bl dep | Allow © p has decreased' or p < %
2
1ii) 150 B1




Question 61

(1) Hy:p=0.15
Hi:p<0.15

(N(60 x 0.15, 60 x 0.15 x 0.85) )

B1 | Accept Hy: p=9

Hi:p<9
Use of Normal approximation:
(N(OIS 0.15;00.35 ))

=N(0.15, 0.002125)

=N(9, 7.65)

—g' £405 015"
fi% M1 gop standardising (or % =-0.904) Allow wrong or no cc
=-0.904 Al | Accept +

‘0.904° < 1.282

M1 | Valid comparison of z values or ¢('—0.904")=0.183 > 0.1
ft their 0.904

No evidence train late less often

Alft | Use of Bin (60,0.15) to give Pr (<= 6) = 0.1848 M1Al
Valid comparison with 0.1 M1 Conclusion Alft

() | o1+zx fores =050

M1 | For V(0.1 x 0.9/60) seen

M1 | for01+zx..=0150 or 2z...=0.1

z=1291

Al

$(:1.291%) (= 0.90(16))

M1 | for correct method to find o

a=80

A1ft | ft their =. Must be a +ve non-zero integer < 100

Question 62

® 4= or 2 or 1.80e B1
x’f =286 B1 | Seen or implied
2y _ 7020 aq g2 M1 | oe attempted
Est(c?) = (=L -'1.8%) D
=0.858 or 296/ 345 Al | Note: Final answer for var 0.846 (biased) and no working implies B1 for 286
4
(11) Hop: 4=1.9 B1 | Or ‘pop mean’; not just ‘mean’
Hi: p<1.9
St M1 | Standardise with their values from (i). Must have sqr 70. No SD / Var mix
5B
=-0.903 Al | Accept =
0.903 < 1.645 M1 | comp 1.645 allow comp 1.96 if Hy: u# 1.9
or comp 1 —¢(°0.903”)=0.182 or 0.183 with 0.05 (or 0.025 1f H: 1+ 1.9)
No evidence that mean no courts in S is Alft | No contradictions. ft their 0.903, but not comp 1.96 i.e. no ft for a 2 tail test
less than in N Accept cv method: cv =1.718 M1A1 1.718 < 1.8 M1 conclusion Al (cv centred on 1.8
gives 1.982 M1A1 and M1 for 1.982 > 1.9 Al conclusion)
5
(iii) Type II because Hy was not rejected B1ft | ft their conclusion, i.e. if Hy rejected, ‘Type I because Hy rejected’ B1

Answer must be consistent with their conclusion. No conclusion in (ii) will score BO




Question 63

(i) Test is for “difference™ oe B1 | Test is not for ‘increase’ or ‘decrease’ oe No contradictions
1
(i) 0.05 B1
Conclude mean time 1s different when it 1s not B1 | oe, n context
2
(ii1) Assume o= 6.4 B1

Ho: pop mean =91.4
H;: pop mean # 91.4

B1 | Allow g, but not ‘mean’

T = 382 (=94.75)

B1

'94.75'-91.4 M1 | Must have V6
%g_

=1.282 Al

cvofz=1.96

‘1.282° < 1.96

M1 | Valid comparison

or comp ¢(““1.282”) with 0.975 0.9(001) < 0.975 or 0.0999
(or 0.1) > 0.025

consistent use of one tail test can score M1 for comparison
with 1.6450e but not Alft

oe. No contradictions. ft their z.

No evidence mean time different

Al ft | CV method x = 96.52 M1 Al 94.75 < 96.52 M1 Conc Al

Question 64

Ho: A =32

B1
Hi: A <32 Accept ‘population mean’ (1)
X~N(32,32) B1 | seen or implied
21.5-32 M1 | Standardise with their values. Allow with no or wrong cc

V32
=-1.856 Al
cv of z=-2.054 (or —2.055 or -2.053)
‘1.856” < 2.054 M1 | Valid comparison
or comp $(“1.856”) with 0.98 i.e. 0.9682 < 0.98 oe

No evidence that fewer accidents at B than at A A1f | No contradictions

Note Use of CV method
x =20.38 M1 Al comparison 21.5 >20.38 M1 conc Al




Question 65

@ | Hap=} B1
Hl:p > -s
10C, B+ 10C, &Er+ 10, GPEr+ M1 | Correct terms, allow one term incorrect or omitted or extra
10 (%)9 @+ (%)m or summing all correct terms from 0 to 5 allow one term incorrect or omitted or
extra
=0.0197 Al | or 0.9803
comp '0.0197" with 0.01 M1 | Valid comparison with 0.01
or valid comparison with 0.99
No evidence to conclude p > § Al | FT No contradictions
Use of two-tail test can score BOM1A 1M1 (comparison with 0.005) A0
5
) 100, @y @y + VCs (P @’ +103y @) + &) ML | Their P(X >6) - '°C,(0.25)° (0.75)"
P(Type I) = 0.00351 (3 sf) Al | Accept 0.00348 to 0.00351
2
Aii) CRisX>7 M1 | May be implied
P(TypeI)=1-P(X > 7|p=2)=
1- (°Cr () '+ °Cs @ P10 D + ) ML | Accept 1 -P(Y>8|p=2)or 1-P(X>6|p=1)
=00618 Al
3
Question 66
Ho: Pop mean = 20 B1
Hi: Pop mean # 20 Accept p
X (=1209 =77 15) M1 | Attempted
e e or 126.9 and 11.64 attempted
'21.15'-20 M1 | Must have v/6
Lot 120-126.9 )
or ———— no mixed method
VJ11.64
=72.022 Al
2(1-$(2.022°)) 2 (1 -'0.9784)' = 0.0432) M1 | g1 2x (1 _ .9784')
a=4.32 (3 sf) Al | FT Allow 4.3 or 4, if correct working seen, or clearly implied, as far as 0.0216
FT their z, no error seen
One-tail test scores maximum 3/6
6




Question 67

(6] ‘ Max no. of passengers plane can take oe B1 | oe e.g. No of passengers who bought tickets
1
(ii) A=32 B1
¢33 23 +¥+ %) M1 | Any /. Allow one end error
=10.5146 = 0.515 (3 sf5) Al | SR Use of Bin(640,0.005) scores B1 (only) for 0.516
3
(111) n>50 B1 | Acceptn is large
np = 1.6, which is < 5 or p=0.005 which is <0.1 B1 | Allow np=32
2
(iv) Ho: Pop mean (for 5 days) = 8 B1 | or Pop mean (for 1 day) = 1.6
H,: Pop mean (for 5 days) <8 Pop mean (for 1 day) < 1.6
Allow 4 or g but not just ‘mean’
M1 +8+ 82_2!) M1 | Any 4 (# 1.6) No end errors. Accept use of Bin(1600,0.005) P(0,1,2)=0.0136
=0.0138 Al
Comp 0.025 M1 | Valid comparison
Evidence that mean no. failing to arrive has Al | FT their ‘0.0138” or ‘0.0136’. No contradictions
decreased
5

Question 68

i(i) Ho:p=0.1 B1
Hy:p<0.1
1
(i) B(40, 0.1) stated or implied by use of Bl | e.g. by *C; or 0.9°x0.19 (p + g = 40)
0.9* + 40x0.9%x0.1 M1 | Correct working (if seen). If working not seen, M1 may be implied by 0.0805
=0.0805 Al
3
(111) z=1.645 B1 | seen
6 5 (80-6) M1 | Formula of correct form. Must be a “z’
6 ,.,/80° 80
80 77 80
=0.0266 to 0.123 (3 sfs) Al | Allow 0.03 to 0.12 or better
Must be an interval
3
(1) 10% (or manufacturer’s claim) is within CI B1 | FT Allow “10% is within CI, accept claim’ oe
Hence no reason to question claim Must include both parts. No contradictions.
FT their CI
Note if CI is centred on 0.1 allow ft 0.075 is within CI, accept claim
1




Question 69

(i) Est(u) = 1.85 B1
50(175.25 . .., L 50(175.25
Est(c?) = *[7— 185" Allow , [*—| —===-'1.85" | or 0.0290 for M1
49\ 50 491 150
33 Al | Cao
=0.0842 (3 sf) or — 50
392 If ‘4—9 omitted (giving var = 0.0825 or sd = 0.287) MOAO
3
(11) Hy: Pop mean time = 1.9 (h) B1
Hi: Pop mean time < 1.9 (h) Allow “x’ but not just ‘mean’
1.85-1.9 M1 1.85-1.9
e +———— Accept totals method (92.5-95)/ v4.21
'0.0842" 0.290
V' so Js0
=122 A ==l 22
comp z =—1.645 M1 | Or other valid comparison 0.888 or 0.889 < 0.95 OR 0.111 or 0.112>0.05
No evidence that mean time < 1.9 h Al | FT their z. Correct conclusion. No contradictions
If % not used in (1): var = 0.8225, sd = 0.907, cr = 1.17 can score all marks in (ii)
Note- 2 tail test can score BO M1 A1 M1 (comparison with 1.96) A0 (no ft) max3/5
5
Question 70
6] Ho: P(6) = 1 B1
Hi:P(6)< 1
(%)30 +30( %) % (%)29 + 30C2(—é)2 x (%)2‘9 M1 | Allow one term incorrect, omitted or extra
=0.103 Al
€0.103° > 0.05 M1
No evidence (at 5% level) that die biased Alft | oe No contradictions
5
i 30 2
(i) (2Y°+30(3) % (2)% M1
P(Type I) = 0.0295 Al
2
Question 71
(1) Assume sd still 4.8 or is unchanged B1 | or Assume the 150 times can be treated as a random sample / are independent

Ho: Pop mean = 26.5
Hi: Pop mean > 26.5

B1

Allow x” but not just ‘mean’

27.5-26.5 M1 | Standardise, with ¥
_48 Accept CV method
Jiso
=R552 Al
Comp with z-value M1 | or comp 1 — D(°2.552°) with 0.01
€2.552' > 2326 1-0.9946 = 0.0054 < 0.01
There is evidence time has increased Alft | oe No contradictions

(2 tail test scores max. B1 BO M1 Al M1 (for comparison with 2.576) A0 no ft)




(i)

No because pop is normal so distr of X is
normal

B1

Condone just ‘No because pop is normal’

Question 72

') Ho: Pop mean=546
Hi: Pop mean>546

3

B1 | Both. Allow just 4. but not just ‘mean’

581-546
120

N/

M1
Standardising. Need Ll

J0

=1.845 allow 1.844

Al | Allow 1.84 or 1.85 AWRT

1.845<1.96

M1 | OE. Or area comparison 0.0325>0.025 or large probabilities

No evidence that mean weekly income has increased

AI1FT | No contradictions.
If Hy: #, and 2.241 used, max BOMIAIM1AQ

5
) o - =1.96 B Standardise to find a. Need kv ] and 546 and a value of =
120 a0
V40
a=583.19 A1l | Allow 583 to 3sf
'583.19'-595 M1 i 120
290,07 =90 ¢ Bh6ll) Standardise. Need —— and 595
120 J40

Ja0

$(*~0.6227)=1 — $(*0.622")

M1 | Consistent area

0.267

Al

Question 73

Assume trains are independent OR probability of being on time is
constant

B1 | Must be in context

Hy: P(on time)=0.92
H;: P(on tume)<0.92

B1 | Both.

Allow ‘p’or @

1-

(€, x0.92" x0.08° + C,; %0.92" x0.08* +20x0.92” x0.08 +0.92™ )

M1 | Allow one end error

Must have 1 — ...

=0.0706 (3 sf)

Al

Compare with 0.05

M1 | Valid comparison needed

No evidence that percentage less than 92%

Al1FT | OE

No contradictions.

Method using normal approximation:
If the first B1B1 is earned then:

16.5-20x0.92

v20x0.92x0.08

CV-15 66[ from ,with continuity con‘ection)

or
CV=1.978 (without continuity correction)

comp z=1.645
No evidence that % decreased (1.566) or evidence that %
decreased (1.978) is awarded SC2 after B marks




Question 74

(1) Ho: Pop mean (or A or ) 1s 1.1 B1
Hi: Pop mean (or A or ) is more than 1.1
| O N 2 g M1 | Correct expression for either P(X > 4) or P(X > 5)
P({y{; 4) =1 Aefl.l[l"l’l.l"{"—z"ﬁ'?J
0.0257 Al | Correct value of either P(X > 4) or P(X > 3)
4
P(XZS) —0.0257 —e M x L1 —0.00544 B1 | Bl for the other value
4! (Note use of P(X' < 4) = 0.9743 and P(X < 5) = 0.99456 can
score only if comparison with 0.99 seen)
0.00544 < 0.01 < 0.0257 M1 | OE stated (valid comparison)
There is evidence mean has increased B1 | SCP(X > 6) = 0.000968 M1A1
Conclusion Bl
6
(11) Concluding mean has increased when it has not B1 | In context
‘0.00544” BIFT | FT their P(X > 5), dep < 0.01
2
1i1) 72 7B g4 M1 | Correct expression for P(Y < 4| 1=7.0)
e 147+ —+—+—
3t 4
0.173 3 sf) Al
2
Question 75
(1)(a) Assume standard deviation for the region is 7.1 B1 | Or standard deviation is same as for whole population OE
63.2-652 5182 M1 | Attempt to find correct equation (accept +2.182)
=7 =-2.
N
n={-2.182x7.1+(-2)}? Al | Any correct expression for » or NP
n =60 Al | CWO. Must be an integer
4
(1)(b) Hy: population mean (or ) = 65.2 B1 | Not just ‘mean’
Hi: population mean (or ) < 65.2
2.182>1.751 M1 | Or valid area comparison.
There is evidence that animals are shorter in this region Al | CWO. No contradictions
3
(i1) Allow population not normal. Accept distribution of X

Population unknown or population not given as normal B1
unknown.

[



Question 76

‘(a) P(X < n) (n < 20) attempted, using B(20, 0.95) M1 | OE
P(Y' < 17) or P(X < 16) attempted, using B(20, 0.95) M1 | OE
(P(X < 17)) = 0.0755 and (P(X < 16)) = 0.0159 Al | OF (0.925 and 0.984) both correct
Rejregionis X < 16 or X < 17 A1l | Dependent on M1M1 and previous answers correct to at least
0.075/0.076 and 0.016 or 0.92/0.93 and 0.98
Correct unsupported answers of 0.0755 and 0.0159 OE scores
MI M1 A0
4
(b) 0.0159 B1 | FT their rejection region, from Binomual in a,
if P(X in rejection region) < 0.025
1
() Use of B(20. 0.7) M1
P(X>16|p=0.7) M1 | Correct method using B(20, 0.7)
=0.107 Al
3
Question 77
5 B1
@ est (u) =37.6 or o or L
40 5
M1 | Correct substitution i any correct formula

est (¢?) =42[ 70 37 6? |~ 31.0154 = 2

4577601388 |

=31.(0) (3 Al
@EH Accept il or 31%

3
(b) Ho: Pop mean (or ) =39.2 B1 | Both. Not just ‘mean’

H;i: Pop mean (or x) < 39.2

'37.6'-39.2
V310154
Jao

M1

Allow use of biased variance (30.2), must have V40

=-1.817

Al

SC FT use of biased = —1.840 for Al

‘1.817">1.645 OE M1 | Valid comparison ‘their 1.817" with 1.645 or valid area
comparison 0.0346 < 0.05 OE
There is evidence that mean time has decreased A1FT | FT their 1.817; in context, not definite, no contradictions

SC For 2 tail test: Hi: g # 39.2 and comp 1.96, max
BOMI1AIMIAO (no FT for final mark)




Question 78

'(a) Later customers might spend times different from first ones B1
1
‘(b) 0.02 B1
Concluding that g # 6.0, when actually = 6.0 B1
2
(c) Ho: p=6.0 B1
Hy:up#6.0

6.8-6.0 M1

4.3

50
2.582 Al
comp 2.326 M1
Evidence that 4 # 6.0 Al
5
(d) Population distribution unknown B1
1

Question 79

Ho: =104 (or5.2) Bl
Hy:4>104 (or5.2)

N(104, 104) stated or implied Bl
124.5-104 M1

+/104

2010 Al
2.010>1.96 M1
There 1s evidence that A has mcreased Al




Question 80

(@) E(XY) =2 Bl

02x1+04x2°+02x3*+0.1x4°-2*(=1.2) AG B1

2

v \/1.;2200 =#7(09) :
(M1 for LHS, M1 for RHS)

a=2+12+200x1.282 =

2.10 (3 sf) Al

4

(©) Yes, because X is not normally distributed. B1

1

(d) Ho. pop mean =2 B1

H;. pop mean <2

1.86-2 M1

1.807 Al

comp z=1.645 M1

There 1s evidence that the spinner is biased so that mean is less than 2 Al

5

Question 81

(a) Ho: Proportion = 0.05 B1
H;: Proportion > 0.05

1

(b) 1-(0.957 +25 % 0.95™ x 0.05 +*°C2 ¥ 0.95% x 0.05% + *C;3 x 0.957 x 0.05%) Mi

Completely correct expression Al

0.0341 Al

3

(c) Type 1T B1

Will conclude proportion not increased B1




Question 82

(a) (IP+224+32+4+5)+5-3 (=2AG) B1
1
) NG.2) M1
2'6_"3”(:—],789) M1
)
li
D(“-1.7897) = 1 — D(*1.789™) M1
0.0367 to 0.0368 Al
4
(c) Concluding that spinner is unbiased when it is biased B1
1
Question 83
(a) Assume standard deviation unchanged or standard deviation = 0.08 B1
Assume yields normally distributed B1
2
(b) Ho: Population mean yield (or x) =0.56 B1
Hi: Population mean yield (or x) > 0.56
0.61-0.56 M1
008
Jio
1.976 Al
Comp 1.96 M1
There 1s evidence that mean yield has increased Al
5
Question 84
(a) 40-38.4 38—-38.4 M1
e —— = 1270 ————— =<{.3175
6.9 6.9
V30 V30
Al
Al
B(1.270°) — (1 — $(0.3175" M1
=0.523 (3 sf) or 0.522 Al




(b)(1) | 2-tail because looking for ‘change’, not decrease or increase B1
1
(b)(11) | Ho: Population mean journey time (or ) = 38.4 B1
H,: Population mean journey time (or x) # 38.4
40.2-38.4 M1
6.9
J30
=1.429 Al
‘1.429° < 1.645 M1
There 1s no evidence that mean journey time has changed. A1 FT
(b)(111) ‘ Yes, because population distribution unknown. B1




Question 85

(a) V2.1 or 1.45 (3 sf) B1
1
(b) A=4.2 B1
1 -e*¥(1+4.2) M1
=10.922 (3 sf) Al
3
(©) 4A=63 M1
5 6 7
63 [ 65 465 o8 }
51 6! 7!
=0.455 (3 sf) Al
2
(d) Ho: A=6.3 B1
H;: 1<6.3
6.3° Ml
PX<2)=¢*’ 1+6.3+j
=0.0498 or 0.0499 Al
‘0.0498 < 0.1 M1
There is evidence that mean number of absences has decreased. A1 FT
5
(e) Hy rejected *B1 FT
Hence Type I error possible DB1 FT




Question 86

) B1
@) Ho: P(contains offer) = %
2
; 1
H;: P(contains offer) < —
2
P(0,1 or 2 offers in 20 | Ho) M1
20 19 18 2
-(3) +=() 5) =) )
3 3 3 3 3
=0.0176 (3sf) Al
‘0.0176’ < 0.1 M1
(Reject Hg) No evidence (at 10% level) to support A1FT
manufacturers claim
5
(b) 1-P(X<3) M1
6\ 6\ (1 6\ 12 6V 13 Al
-7 =) G)el5) (5 +el5) G)
7 Vi 47 7 7 7 7
=0.318 (3s1) Al
3
(c) Concluding that prop is 1 in 3 when it is actually less(1 in 7) B1




Question 87

5 B1
est(u) = 158 or 9.25
200
2 M1
200( 17850 (1850 50°
est(c?) = — ] or =, 17850—18 0
199( 200 200 199 200
1475 Al
=3.71 or 3.7060 or
Ho: 1 =89 B1
Hi: 4 #89
1850 M1
———8.9
200
"3.706"
200
=2.57(3sf) (or using areas 0.00507 —0.0051) Al
2.24 <2.57 or 0.00507 <0.0125 M1
(Reject Ho) There is evidence that x is not 8.9 A1 FT




Question 88

a) Ho: population proportion = 0.08 OE B1 | Allow ‘p=0.08" etc.
Hi: population proportion > 0.08 OE
PX>4H)=1-PX<3)= M1 | Allow 1 — (one term omitted or extra or wrong).
1 - (0.92%5 + 25%0.9224x0.08 +25C2%0.92%3x0.082 + 2C3%0.9222x0.08?)
0.135 (3 sf) Al
0.135>0.05 M1 | Valid comparison.
Note: ©0.865'<0.95 can score M1 Al and can recover
previous M1 Al for 0.865.
There 1s no evidence that proportion owning Chantor has increased A1 FT | In context. Not definite, e.g. not ‘Proportion not
increased’. No contradictions.
5
i(b) Ho was not rejected. *B1 FT | Ho was rejected (consistent with (a)).
Hence Type II might have been made. DB1 FT | Type I error.
2
i(c) PX>5)=1-PX<4) *M1 | Attempted.
il ((1_0_]351) +35¢, %0922 x0.084) [=0.0451] Note: If critical region method used in (a) marks can be
awarded here.
0.0451 < 0.05 Al | Comparison of 0.045[1] with 0.05.
Note: If critical region method used in (a) marks can be
awarded here.
P(Type I error) = 0.0451 or 0.0452 Al | Dependent on M1* only.
SC Unsupported answers score: B1 for 0.0451<0.05
and B1 for final answer 0.0451 only.
3

Question 89

i(a) One-tail because investigating whether "higher" B1 | OE. Must have both parts.
1
(b) Ho: Population mean (or x) in city same as for others B1 FT | If (a) two-tail:
Hi: Population mean (or ) in city greater than for others Ho: Pop mean (or x) in city same as for others.

Hi: Pop mean (or ) in region different from others.

2.41>23260r 0.008 <0.01 or 0992 > 099 M1 | If (a) two-tail: 2.41 <2.576 or 0.992 < 0.995.

There is evidence that buildings are higher [on average]. A1 FT | In context, not definite. No contradictions.
If (a) two-tail: There is no evidence that the [average]
height of buildings is different.




Question 90

(a)i) |Hpi=24 B1 | Acceptdoru
Hi: A>24 Accept 2.4 or 0.8 (per year)
1
a)(ii 2 3 4 I ‘or
(a)(ii) 141 +24+ A P N S ) M1 | Any /; allow one end error
2 3! 4!
0.0959 (3 sf) A1 | SC unsupported answer 0.0959 scores B1 only not
MIA1
0.0959 > 0.05 M1 | Valid comparison
Use of 0.9041 < 0.95 can recover either M1A1 or Bl
There is evidence that Jane’s claim not justified A1 FT | OE. In context, not definite, e.g. not ‘Jane is wrong’, no
or There 1s insufficient evidence to support Jane’s claim contradictions.
Condone omission of Jane.
4
3(b) Mean not constant so Poisson model not valid B1
1

Question 91

(a) Conclude (mean) (journey) time has not decreased when in fact it has. B1 | OE in context
1
(b) Ho: Pop mean (or x) = 1.4 B1 | May be seen in (a)
Hi: Pop mean (or x) < 1.4
1.36-14 M1 68—-70
o012 Accept totals method —————
_Ji_ V50x0.12
2 No mixed methods or no standard deviation/variance
mixes
—2.357 or—2.36 A1 | Correct = or correct area if used
—2.357 <-1.96 or 0.0092 < 0.025 or 0.9908 > 0.975 M1 | valid comparison
Or CV method 1.36 < 1.367
There 1s evidence that (mean) (journey) times have decreased A1 FT | in context not definite no contradictions
NB use of two tail test scores max BOMIAIMIAOQ no ft
for two tail test
5
(©) Hp was rejected OE *B1 FT | FT Ho was accepted OE
Typel DB1FT | FT Type IT




Question 92

(a) Conclude that (population) mean time has changed (or is not 42.4) B1 | OE. In context.
although g has not changed (or is still 42.4)
1
(b) Ho: population mean (or x) = 42.4 B1 | Not just ‘mean’. (could be seen in (a))
H;: population mean (or y) # 42.4
45.6-42.4 M1 | For standardising (must have /20 )
+
T 4382520
4+ 2.315 Al
2240 < 2315’ M1 | For valid comparison (accept 2.241)
or P(z>2.315) = 0.0103 <0.0125 oe
There is evidence that ¢ or mean time has changed AL FT | FT theirz
In context, not definite. No contradictions.
Note: Accept correct alternative methods
SC: One tail test no FT. Can score BO M1 A1 M1 (comparison
with 1.96) A0 (maximum 3 out of 5)
5
Question 93
(a) 1 Bl | orHo: g =25
HD'p_Z or Hi: u#25
1
Hy:p# —
1: P m
1
b B1 | SOL
L N[25,L5J 75
4 Allow B1 for N(ZS’TJ or N(0.25,0.001875) SOL
15.5 M1 | Standardise with rheir N(25,...)
g 15.5-25 100 025 Allow with no or wrong continuity correction.
£ or
(E IO.ZSXO.?’S
4 100
+-2.194 (2.19) Al
—2.326 <-2.194 or 0.0141 > 0.01 or 0.9859 < 0.99 M1 | For valid comparison (accept 2.326 to 2.329)
Al FT | OE must be in context and not definite, e.g. not ‘Claim untrue’.

No evidence to reject that the probability is i

No contradictions.

FT their z ; dependent on two—tailed test (one-tailed test can
score B1 M1 A1 M1 A0)

SC for use of Binomial B(100,0.25) P=0.0111 for Bl and
then comparison with 0.01 and correct conclusion for B1,
maximum 2 out of 5 marks.




Question 94

i(a) Not representative (of all students in the school) B1 | OE idea of ‘not being representative’ e.g. different
grades in the school have different
characteristics/proportions....

Don’t accept ‘not random’ or ‘biased” without
further explanation.
i |
i(b) Ho: P(not correct uniform) = 0.15 B1 | Allow "p"
Hi: P(not correct uniform) < 0.15
1 £
i(c) Any two probs attempted using B(50,0.15) M1
P(X < 3)=0.85+50 x 0.85% % 0.15 + °C, x 0.85% x 0.15% + 3003 x 0.857 % M1 | Attempt the tail probability P(0,1,2,3) with
0.15° B(50.,0.15) must be added.
P(X < 4) = 0.04605 + °C4x0.85%x0.15* M1 | OE. Their P(X < 3) + P(X=4) or P(0,1,2,3,4) with
B(50,0.15) must be added.
P(X' < 3)=0.0460 or 0.0461 [<0.05] Al | Both correct.
P(X'<4)=0.112 or [>0.05] OR if P(X < 4) not seen; P(4)=0.06606 and
0.06606>0.05 and P(X < 3)=0.0460 scores M1 Al
P(Type I) = 0.0460 or 0.0461 (3 sf) Al | Dependent on second M1.
SC If MIMIMIAO scored allow ALFT for
incorrect P(Y < 3) as long as <0.05
5
(d) 4 is outside critical region (<3) OF or P(X < 4) = 0.112 which is > 0.05 M1 | FT working from (¢).
No evidence that proportion not wearing the correct uniform has decreased Al | In context not definite, e.g. not ‘Proportion has not
(Accept Ho) decreased’. No contradiction.
2
(e) Not rejected Ho *B1 FT | FT If Reject Hp in (d)
Type II DB1 FT | FT Typel




Question 95

‘(@) Ho: = 64.6 B1 : B R
Hy: 1< 64.6 Allow population mean, not just ‘mean’.
63.5-64.6 Mi
[+] 5.2+v100 Standardising. Must have /100 .
[£]-2.115 Al Accept -2.12 (3s)
2.115°>1.96 or “-2.115" <—1.96 [do not accept Ho] M1 | Valid comparison (0.0172 < 0.025 for area comparison).
There is evidence that y < 64.6 A1l FT | Not definite, e.g. not ‘u < 64.6’. in context. No
contradictions.
Accept critical value method leading to 63.5 < 63.58 or
64.6 > 64.52.
5
®) | m=bLS 196 gl 22 N N(646 - j d
" : inding the critical value using .6, ——=|anda
5.2++/100 J100
z value.
m = 63.5808 Al
63.5808—62.7 [= 1.694] M1 " o il @ 52 Al vl
52100 : tandardising using s f and a critical value.
100
1 - D(‘1.694") M1 | For area consistent with their values.
0.0451 A1 | Accept answers that round to 0.045.
5
Question 96
(a)(i) | Po(0.025) B1 | For Poisson and correct parameter.
B1 | Must show 2500 and 0.025.
5 =2300=30, 57 =0.000°Q Acceptp = < 0.1 in place of np = 0.025 < 5.
100000
2
(a)(ii) 1 _ 0025 M1 | Allow any /.
FT their (a)(i) if normal; must have continuity correction.
0.0247 (3st) A1l | Must be from Poisson.
Unsupported correct answer scores B1 instead of M1 Al.
2
i(b) Ho:p=0.3 B1
Hi:p<0.3
0.7 +28x 0.7 x 0.3 +28C, x 0.7*°x 0.3* + 28C3 X 0.7% x 0.3% + 28C,4 x M1 | Use of B(28, 0.3 ). Addition of terms must be intended.
0.7%x0.3* Allow one term wrong or omitted or extra.
0.0474 A1l | Unsupported correct answer scores B1 instead of M1 Al.
0.0474 > 0.02 [Not reject Ho ] M1 | Valid comparison.
No evidence that suspicion is true. Al ft | Not definite e.g. not ‘Suspicion is not true’, in context, no

contradictions.

SC use of N(8.4, 5.88) leading to 0.054 > 0.2 OE can
score B1 only for comparison and correct conclusion.
Correct hypotheses with p will also score B1.




Question 97

(a) Ho: P(0) = B1 | Accept p.
H;: P(0) < &
1
(b) For B(30,0.1) M1 | Used not just stated.
P(X'=0)=0.9""[= 0.0424] [<0.1] M1
P(X=0or 1)=0.9% + 30x0.9%°x0.1=0.184 [>0.1] B1 | Accept 0.184 or 0.183.
Rejection region is 0 zeros Al | Dependent on M1 M1 and at least one comparison, no
errors seen.
SC One unsupported correct answer 0.0424/0.184(or
0.183) and correct rejection region scores B1; with
comparison with 0.1 scores B2.
Two unsupported correct answers 0.0424 and 0.184(or
0.183) and correct rejection region scores B2 or if with
one comparison with 0.1 scores B3.
4
i(c) 0.0424 B1 | FT their (b) must have a critical region (only follow
though Binomial), dependent on answer < 0.1.
1
(@ Bin(30, L) B1 | SOI
1-0.975%° M1 | FT their rr and with Bin(30, 1/40)).
0.532 (3dp) Al | SC Unsupported correct answer scores B2 only.
3
(e) Not concluding that the probability is less than &, when in fact it is. B1 | In context.
1
Question 98
(a) Fireworks are destroyed when tested. B1
1
(b) Ho: Pop mean time lasted (or &) = 30 B1 | Not just ‘mean’.
H;: Pop mean time lasted (or x) < 30
" 297;30 M1 | For standardising. Must have /100 .
T R .. (2900-3000)
100 Use of totals N(3000,2500) giving ~———————
/2500
scores M1. No mixed methods.
+-2 Al
—2>-2.326 [Do not reject Ho] M1 | Accept—2.326 to —2.329.
Valid comparison or area comparison 0.0228>0.01 or
0.9772<0.99.
Accept CR method 28.837<29 or 30.163>30.
There is not enough evidence that mean time lasted is less than 30 seconds A1 FT | In context (if used need mean or time / condone
OR Not enough evidence to support the inspector’s suspicion average instead of mean), not definite, e.g. not ‘mean
time lasted is not less than 30 seconds’.
No contradictions.
Note 2 tailed test can score BO M1 A1 M1
(comparison with 2.574-2.579) A0 (no FT).
5
(c) Yes. Because population distribution is unknown [condone not Normal]. B1 | Both needed.

Condone X for parent population.




Question 99

@

'(b)

(@)

(a)(ii)

(d)

Ho: 4= 64.6 B1 : e ,
T @i Allow population mean, not just ‘mean’.
63.5-64.6 M1
[£] 5.2+v100 Standardising. Must have /100 .
[t]-2.115 Al Accept -2.12 (3sf)
2.115°>1.96 or “-2.115* <—1.96 [do not accept Ho] M1 | Valid comparison (0.0172 < 0.025 for area comparison).
There is evidence that u < 64.6 Al FT | Not definite, e.g. not ‘x < 64.6°. in context. No
contradictions.
Accept critical value method leading to 63.5 < 63.58 or
64.6 > 64.52.
5
m=64.6 — 96 M1} " y 59
52+4100 Finding the critical value using N| 64.6, m and a
z value.
m = 63.5808 Al
63.5808 —62.7 [= 1.694] M1 b W 52 PR
. : andardising usin; /7, ——| and a critical value.
5.2+4/100 g using J100
1—D(‘1.694) M1 | For area consistent with their values.
0.0451 Al | Accept answers that round to 0.045.
5
Question 100
Po(0.025) B1 | For Poisson and correct parameter.
B1 | Must show 2500 and 0.025.
R R oy Acceptp = < 0.1 in place of np = 0.025 < 5.
100000
2
1 _ 00z M1 | Allow any /.
FT their (a)(i) if normal; must have continuity correction.
0.0247 (3s1) Al | Must be from Poisson.
Unsupported correct answer scores B1 instead of M1 Al.
2
He:p=03 B1
Hi:p<0.3
0.7 +28x 0.7 x 0.3 +8Cy; x 0.7 x 0.3 +38C3 x 0.7 x 0.3° + BC, x M1 | Use of B(28, 0.3 ). Addition of terms must be intended.
0.7 % 0.3* Allow one term wrong or omitted or extra.
0.0474 A1l | Unsupported correct answer scores B1 instead of M1 Al.
0.0474>0.02 [Not reject Ho | M1 | Valid comparison.
No evidence that suspicion is true. Al ft | Not definite e.g. not ‘Suspicion is not true’, in context, no

contradictions.

SC use 0f N(8.4, 5.88) leading to 0.054 > 0.2 OE can
score B1 only for comparison and correct conclusion.
Correct hypotheses with p will also score B1.




Question 101

(a) Ho: 1 =255 B1
Hi: <255
23.7-25.5 M1 | Must have V40
524440
=-2.189 Al
'2.189'<2.326 M1 | For valid comparison
For two-tailed test: allow compare 2.576 if Hi: y #
255
[Accept Ho] No evidence that mean time has decreased A1 FT | In context, not definite, no contradictions
FT their 2.189 but no FT for two-tailed test
N.B. Use of two-tailed test can score max BO M1 Al
M1 A0
Condone use of critical value method
(23.59 M1 Al and 23.7 > 23.59 M1 Al correct
conclusion or 25.612 M1 Al and 25.5 <25.612 M1 Al
with correct conclusion)
5
() No, because H,, was not rejected B1 FT | FT their conclusion in (a)
1
Question 102
B(300, 1) — N(60,48) B1 | SOI
45.5-60 M1 | Condone with wrong or no continuity correction
\48
=-2.093 Al
€2.093’ > 1.96 M1 | Valid comparison

Note: $(—2.093") (= 0.0182),
0.0182< 0.025

[Evidence to reject Ho] There is evidence that P(landing on blue) # +

A1FT

Allow ‘There is evidence that the spinner is biased.’
In context, not definite, no contradictions

Condone critical values method (critical value 46.42
M1 A1l and 45.5 < ‘46.42 M1 for valid comparison
A1 for correct conclusion)

SC: 0.0182 unsupported:

0.0182 <0.025

And there is evidence that the spinner is biased.
In context, not definite B1 only




Question 103

(@) Batteries unusable after testing or Population too big B1
or too costly or too time consuming to use the whole population oe
1
(b) Ho: =150 B1 | Or population mean = 150; not just ‘mean’ = 150
Hi: <150
147-150 M1 | Allow with continuity correction
/225 =4/120 Need /120
—2.191 Al | Condone —2.19
—2.191 <-2.054 [or —2.055] M1 | OE. For valid comparison with 2.054 or 2.055
Or 0.0143 (or 0.0142) < 0.02
For two tail test allow comp —2.326 OE if Hy: i # 150
(can score BOM1A1TM1AO max 3/5)
[Reject Ho] There is evidence that the (mean) life of type B is less than type A1 FT | In context, not definite with no contradictions
A (or less than 150) Accept critical value method 147.19 M1A1
147 < 147.19 M1 conclusion Al
Or 150 > 149.81
5
(©) 147 + 2 x 15 M1 | Expression of correct form must be a z value
\120
z=1.881 [or 1.882] B1
144 t0 150 (3 s5.f) Al | Must be an interval
Incorrect z value can only score M1BOAO
3
Question 104
(a) Conclude more than 10% of the students are left handed when this is not true B1 | OE. Must be in context (accept use of p).
Need the context of one tail test.
1
(b) 1—(0.99+20%0.9%x0.1 +%*C2%0.9%x 0.12+%°C35x 0.9" % 0.1 + 2C, % M2 | M2: fully correct
0.9'% 0.1% MI: attempt 1 —P(X=0, 1,2, 3, 4);
allow 1 -P(X=0,1,2,3.4,5) or 1 -P(X=0,1,2,3)
need [ —...
the method mark cannot be implied
0.0432 (3 s.f) Al | If MO awarded allow SC B2 for 0.0432
3
© 0.7%°+20 x 0.7 x 0.3 + °C2 x 0.7% x 0.37+ 7°C5 x 0.7" x 0.3°+ 2%C4 x 0.7'° M1 | Attempt to find P(< 4) using B(20,0.3)
x 0.3*
Allow one end error
The method mark cannot be implied
0.238 or 0.237 (3 s.f.) Al | If MO awarded allow SC Blfor 0.238 or 0.237




Question 105

(a) Ho: Pop mean = 4.6 [or 9.2] B1 | or A=4.6 or u (Not just ‘mean’)
H;: Pop mean < 4.6 [or 9.2] or <46
1
(b) Use of Poisson with 2 =9.2 B1 | SOI
_ o2 922 ,92% . _ M1 | At least one of these attempted correct 4
PELS =G 02+ 2 g 3! }=0 s L0 EZ0.08] (with Poisson expression seen not implied)
4
P(X < 4) = 0.0184 + €2 x % =0.0486 or 0.049 [> 0.02] %41 | Boih comedt
SC Use of A =4.6 scores Bl for P(X=0)=0.01[0][1]
and P(X < 1) = 0.056[3 Jonly
CRi1sX<3 DA1 | From CWO and at least one comparison seen
SC If M0 awarded allow *B1 for both 0.018 and 0.049 or
better and DB1 for correct critical region from CWO and
at least one comparison seen.
4
(c) 5 1s not 1n critical region OR P(X < 5) =0.104 > 0.02 M1 | For a comparison (i.e. 5> 3) OE
so [not reject Ho] no evidence that number of cars arriving is now fewer A1 FT | In context, not definite No contradictions
e.g. not ‘No. of cars arriving 1s not fewer’
ft their critical region if used (but must be from Poisson
and integers)
2
(d) No, because Ho was not rejected B1FT | OF, FT their (c)
1
(e) N(276, 276) B1 | SOI
300.5-276 — M1 | Standardising with rheir values
[=1.475] : - :
276 Allow with wrong or no continuity correction
1—-¢("1.475°)=0.0701 (3 s.f.) Al | SC Use of Poisson: B1 for answer 0.0727 (3 sf)
3

Question 106

Ho: Pop mean height =23
H;i: Pop mean height > 23

B1 | Not just ‘mean’

Allow u

2:4—=2.3

0.4

ML | For standardising, must have /60

1.936 or 1.937 or 1.94

Al

‘1.936* <1.96

M1 | Valid comparison with 1.96

Or 2.64% > 2.5% OE
Accept 1.936 <2.24 or 2.64% > 1.25% OE if Hipn #2.3

[Do not reject Hy)
No evidence that (mean) height (with fertiliser) is more than without

A1 FT | FT their z

In context, not definite. E.g. not ‘Mean height is not
greater’ with no contradictions

No FT for 2 tail test (max BO M1 Al M1 A0 3/5)
Accept critical values method 2.401 (M1 A1) 2.4 <2.401
(M1) Condone 2.299 (M1 A1) <2.3 (M1)

Al conclusion




Question 107

'(a) Ho: pop mean run time = 28.2 mins B1 | Allow ‘x’. Not ‘mean journey time’
H,: pop mean run time < 28.2 mins
1
(b) 27-282 _ M1 | For standardising
4/~/40 =8 Must have V40
O(<-1.897")=1-D(°1.897) M1 | For correct area consistent with these values
0.0289 (3 sf) Al
3
'(c) Hp 1s not rejected so... M1
Type II error can be made and Type I error cannot be made Al | Both needed (accept ‘only a Type II error could be
made’)
2
Question 108
Ho: P(correct) = % Bl Allow p = %
Hi: P(correct) > é Allow p > %
M1 | Expression must be seen

17(15C4X(%)”X(%)4+15C3X(%)lzx(%)3+15C2X(%)ISX(%)2+15X

S g 1 5 \1s
(g) Xg*(g))

Allow one end error

0.0898 or 0.0897 (3 sf) A1l | SC if MO scored allow SCB1 for 0.0898 or 0.0897
0.0898 <0.1 M1 | Valid comparison
For valid comparison with 0.9 (0.9102 > 0.9 seen the
previous Mland Al can be recovered
[Reject Ho] There 1s evidence (at the 10% level) that Arvind can predict FTA1 | Not definite, e.g. not ‘He can predict’ or ‘Claim true’
scores In context and no contradictions
5
Question 109
(a) Ho: P(red) = 0.2 Hy: P(red) < 0.2 Bl | AllowHo:p=02H;: p<0.2.
P(X < 4) = 0.8 + 40x0.8%x0.2 + *°C,x(0.8%x(.2* M1 | For full expression seen.
+40C;3%0.837x0.2% + 1°C,x0.8%¢x0.2* Allow one term omitted, incorrect or extra.
0.0759 Al | SC 0.0759 without working B1.
their <0.0759° > 0.05 M1 | Valid comparison (from binomial probs) of their P(X < 4)
with 0.05.
[Do not reject Ho ]. Not enough evidence that it lands on red fewer times A1 FT | FT their 0.0759.
than if it were fair or not enough evidence to suggest that the spinner is In context, not definite, no contradictions.
biased
S
(b) P(X < 3) =" 0.0759 * — *0C,%0.8%6x0.2* M1 | OE Attempted. Must be using B(40, 0.2).
Method could be implied by correct answer here.
=0.0285 or 0.0284 *Al
Largest value of 7 is 3 DA1




Question 110

(a) Hpy: Population mean time (or i) = 32.5
H;: Population mean time (or x) < 32.5

B1 | Not just “mean”.

+31-8_32-5 ML | Must have +/50 .
T 3.1+4/50 Could be implied.
=zk=] 597 Al

‘~1.597> <—1.406 [or *1.597" > 1.406]

M1 | Valid comparison of their zca with +1.406.
or 0.0551 < 0.08 (or 0.0552 < 0.08).

[ reject Ho ]
There is evidence that [population] [mean ] time has decreased

A1 FT | In context, not definite. no contradictions.

Note: Accept critical value method 31.88 (31.9) M1 Al
and 31.8 < 31.88 M1 conclusion Al.

b - B
W 2B g

3.1:450

M1 | gandardise with 32.5 and ~/50 and = value on RHS.

a=31.88o0r319

Al | May be seen in part (a). Can score M1A1 here as well
using a similar approach to (a).

their'31.88—-31.5

3.1:450

[=0.8668 to 0.8760]

M1 | Standardise with #heir cv and mean = 31.5.

Must have /50 .

1 — B(*0.8668")

M1 | For area consistent with their working.

=0.190 to 0.193 (3 sf)

Al

Question 111

H,: Population mean length = 10.3 cm B1 | orpg=10.3 (not just ‘mean’).

H;: Population mean length < 10.3 cm u<103

N 9.8-10.3 M1 | If + 1.923 (or 0.0272) seen allow M1 implied.

~2.6/+100

==2].923 Al | Accept .
Accept 3sf.

—1.923 >-2.054 or —-2.055 M1 | OE For a valid comparison.
Or compare 1 — $(*1.923") with 0.02 e.g. 0.0272 > 0.02
Use of CV 9.8 > 9.766 scores M1 Al for 9.766 and M1
for comparison.

[Not reject Ho | No evidence that [mean] length has decreased A1FT | FT their z. No contradictions, not definite, in context.




Question 112

(a) Ho: Population mean=7.2 or 2.4 Bl | orAoru=72or 2.4 (Notjust ‘mean’).
H,: Populationmean < 7.2 or 2.4 ordoru<72or24
1
® |i=72 B1 | SOI
- 7.2 ’a M1 | Both expressions needed, allow any 4
[P(x<2)]=eT" [1+ 72+ 2 | e (1+7.2+2592) If 1 # 7.2 allow P(X < n) for 2 consecutive values of n
withP(X < n)<0.05and X < n+ 1) >0.05.
or 0.0007465 + 0.0053754 + 0.01935 [= 0.0255]
3212
[P(X<3)]="0.0255"+e" x— - or ‘0.0255” +e72 (62.21)
or ‘0.0255" +0.04644 [= 0.0719]
P(Type I) = 0.02547 or 0.0255 (3 sf) B1
3
(c) 3>2 or P(X< 3)>0.050r°0.0719" > 0.05 M1 | For a valid comparison
or 3 outside critical region. FT their CR in (b).
[Not reject Hy) A1 FT | No confradictions. In context, not definite.
No evidence that [mean] number of faults has decreased
2
() I-e™(1+1.5+1.5/2)or 1 —e™*(1 + 1.5+ 1.125) M1 | Must see expression. FT their CR in (b).
or 1 —(0.2231 + 0.3347 + 0.2510)
=0.191 (3 sf) Al
2
Question 113
'(a) Ho: Population mean time (or u) = 32.5 B1 | Not just “mean™.
Hi: Population mean time (or u) < 32.5
+3l.8732.5 M1 | ppyst have /S0
3.1+4/50 Could be implied.
=+-1.597 Al
‘~1.597" < -1.406 [or “1.597" > 1.406] M1 | Valid comparison of their ze. with £1.406.
or 0.0551 < 0.08 (or 0.0552 < 0.08).
[ reject Ho | A1 FT | In context, not definite. no contradictions.
There is evidence that [population] [mean ] time has decreased
Note: Accept critical value method 31.88 (31.9) M1 Al
and 31.8 < 31.88 M1 conclusion Al.
5
(b) a-325 _ _1.406 M1 | standardise with 32.5 and ~/50 and = value on RHS.
3.1+4/50
a=31.88 or31.9 Al | May be seen in part (a). Can score M1A1 here as well
using a similar approach to (a).
their'31.88—-31.5 S e M1 | Standardise with their cv and mean = 31.5.
— =0. to 0.
31250 [ = 1 Must have /50 .
1 —®(“0.8668") M1 | For area consistent with their working.
=0.190 to 0.193 (3 sf) Al




Question 114

(a) Ho: P(red) = 0.2 Hy: P(red) < 0.2 Bl | AllowHe: p=02H;:p<02.
P(X <4) = 0.8% + 40%0.8%x0.2 + *C5x0.8%x0 22 M1 | For full expression seen.
+ %0C5x0.8%7x0.23 + Py <0.8*x0.2* Allow one term omitted, incorrect or extra.
0.0759 Al | SC 0.0759 without working B1.
their “0.0759° = 0.05 M1 | Valid comparison (from binomial probs) of their P(X' < 4)
with 0.05.
[Do not reject Hg ]. Not enough evidence that it lands on red fewer times A1 FT | FT their 0.0759.
than if it were fair or not enough evidence to suggest that the spinner is In context, not definite, no contradictions.
biased
5
(b) P(X < 3)="0.0759 " —*C4x0.8%0x0.2* M1 | OE Attempted. Must be using B(40, 0.2).
Method could be implied by correct answer here.
=0.0285 or 0.0284 *Al
Largest value of is 3 DA1
3
Question 115
(a) He is expecting a decrease (in ) Bl | OE
1
(b) —2002<—=196 M1 | For valid comparison.
Allow 2.02 > 1.96 or 0.0217 < 0.025 or 0.9783 > 0.975
(Reject Hy) Al | OE (such as evidence to support Akash’s belief), in
There is evidence to suggest that this year’s (mean) time is less than 25 context, not definite.
No contradictions.
2
i(©) 1-§(2.14) [=0.0162] Ml
1.62 Al | Allow 1.62% or 1.6 or 1.6%.
a>1.62(3sf) Alft | FT their 1.62 .
Allow a > 1.62% or 1.6 or 1.6%. Condone >.
3
i(d) 248-m M1 | For standardising.
39:10
332{*1’6* =—1.645 M1 | Equate their standardised value to —1.645 (signs must be
o consistent).
m=254(3 sf) Al
3
Question 116
(a) e3(1+5.7+ 32 ) or e*7(1 + 5.7+ 16.245) or 0.003346 + 0.01907 + 0.05436 M1 | Allow one end error.
Must see this expression.
=0.0768 (3 sf) Al | SC B1 for unsupported answer of 0.0768 .
2
(b) e0%(1+09+ 2 ;1 ) M1 | Attempted; allow one end error (must see expression).
=1-e9(1+09+ 22)=1_e291+09+0.405) =1 (0.4066 + 3659 + Al | Correct expression P(X > 3) no end errors (must see
0.1647) * expression).
=0.0629 (3 sf) Al | SC B2 for unsupported answer of 0.0629 .
3




Question 117

i(a) Ho: Pop mean no. people = 3.03 or 1.01 (per 20 min) B1 | These must not just be ‘mean’, but allow just ‘A’ or ‘4.
H;: Pop mean no. people > 3.03 or 1.01 (per 20 min)
Use of Po(3.03) M1
2 3 4 5 M1 | Allow incorrect 4. Allow one end error. Must see
= 3. 3.03 3.03” , 3.03 3.03 . ;
=1-e*%(1+3.03+ R TR TR ) Poisson expression used.
=1-e3%(1 +3.03 + 45905 + 4.6364 + 3.5120 + 2.128)
=1-(0.04832 + 0.1464 + 0.2218 + 0.2240 + 0.1697 + 0.1028)
=0.0870 (3sf) [0.0869727] Al | Allow 0.087 .
0.0870 > 0.05 M1 | For a valid comparison.
(Do not reject Ho) Insufficient evidence to believe (mean) number of people has A1FT | Conclusion stated must be in context, not definite and
increased include no contradictions (e.g. not ‘mean number people
has not increased”).
6 | If only P(x = 6) award max 2/6 (single term not valid).
SC No working B1 B2 M1 Al. Award maximum 5/6.
M1 | OE. Must see Poisson expression (may be in part (a)).
® g 069727 e 73-2'35 £ (arety b Spart ()
or 0.869727 — e *%(1.0748)
or 0.869727 — 0.05193
or 1 —e3%(1 +3.03 +38 1 308 | 308, 308 308
2 2 3l 4 5! 6!
0.0350 or 0.0351 Al | Accept 0.035.
SC no working seen, award B1 for 0.0350, 0.0351 or
0.035.
2
(c) Concluding that the (mean) number of people (using the path per 20 mins in the B1 | OE. Conclusion must be in context.
evening) has increased when it has not
1
(d) A value for the true mean B1 | Allow without context for this mark.
Number of people using the path per 20 mins in the evening. B1 | Condone equivalent comment on three randomly chosen

20-minute periods.




Question 118

(a) x=1700/50 =34 B1
i 2 M1 5
Est(¢®) = E( 39050 ., ] or [ 500501799 Est(c?) = SO058 5 binsed scores 1D,
490 50 49 50
Al | =25 AO0.
=255@3sf)or L =
3
(b) Ho: Population mean time = 32.4 B1 | Not just ‘mean’ but allow just “z’.
H;: Population mean time # 32 .4
34-324 M1 | Must have~/50 and not 50. FT fheir mean and var.
+/25.5' Can be implied.
V50
=224 (3 sf) Al or p(T >34)=0.0125.
SC use of biased var (25)z=2.26 or p =0.0119, allow
MIAL
224 <2326 M1 | Or0.0125 > 0.01 for a valid comparison.
[Not reject Ho] Insufficient evidence that (mean) time has changed ATFT | In context, not definite, e.g. not ‘Time not changed’.
No contradictions.
Note: accept CV method X = 34.06 for M1AL.
Compares 34 < 34.06 for M1, conclusion for Al.
Condone x = 32.34 M1A1: compares 32 4 > 32.34 for
M1, conclusion for Al.
5 | SC for using a one-tail method. Award max 3/5 (B0 M1
Al M1 A0).
Question 119
(a) _ 1o M1
-1
=0.0173 (3 sf) A1l | No working scores SC B1.
2
3(b) 1-(1-p)°=0.8926 M1 | Accept 1 —¢"=0.8926 .
Equation must be in p or in ¢ but not both.
1-p=0.1074"" [=0.800] M1 | For valid attempt to solve their (binomial) equation in
P or g°.
p=0.200 (3 sf) or 0.2 Al




Question 120

(2)

Est (1) = 3.25=13/4 or 1625/500 B1
- 1 16252 M1 | Expression of correct form.
Est(o?) = 220,(3663.3 _v3 55+ or —| 5663.5—
499" 500 499 500
=10.766 (3 sf) or 1529/1996 Al | Biased variance of 0.7645 scores MOAO.
3
Ho: Pop mean (or ¢) = “3.25 B1FT | Not just ‘mean’.

H;: Pop mean (or y) # ‘3.25°

FT their 3.25 .

2.95_"3 25" M1 | Standardising with their values.
"0.766"+60 Must have V60.
=-2.655 Al | Or P(X <2.95) = 0.0039 or 0.00396 or 0.00397 .
SC FT their biased est(c?), i.e. 0.7645 to give = =2 658
Al.
2.655° > 2.576 or ‘-2.655* <-2.576 M1 | For valid comparison, e.g. 0.0039 or 0.00396 or 0.00397
< 0.005, or 0.0078 < 0.01, or 0.00792 < 0.01 .
[Reject Ho) A1FT | OE. Must be in context and not definite, e.g., not “‘Mean

There 1s evidence that (inean) mass in (country B) is different (from country
A).

mass 1s not different’, No contradictions.
Context needs either ‘mass’ or ‘countries” OE.

SC. Use of one-tail test.
*2.655° >2.326 or 0.0039 < 0.01 M1A0 (Max
BOMIAIMI1AO 3/5).

Accept critical value method. Either:

Xcrit=2.959 M1A1 2.95<2.959 M1A1FT with correct
conclusion, or

Xcrit=3.241 M1A1 3.25>3.241 M1A1FT with correct
conclusion.




Question 121

(a) Ho: A=7.6 [or 1.9] B1 | Or Population mean = 7.6 or u (not just ‘mean’).
Hyi:A<7.6[or1.9] Or Population mean < 7.6 or u.
| 1
'(b) Mean = 7.6 B1 | Seen.
2 /
PX<2)=e S (1+7.6+ %) [= 0.0188 or 0.0187] AL BE,
5 5 : o ; ) i
PY < 3) = eT5(1 + 7.6 + 7.6° | 1.6 ) [= 0.0554 or 0.0553] M1 | OE. Ex;_nessmu must be seen in at least one probability
2 3! calculation.
0.0188 or 0.0187 and 0.0554 or 0.0553 Al | Al for both values.
Critical region is X 2 Al | Dep on both M marks.
SC No Poisson expression seen in either prob scores Bl
for 0.0188 or 0.0187 and B1 for 0.0554 or 0.0553 and
Bl for CR.
P(Type I error) = P(Y < 2) = 0.0188 or 0.0187 (3 sf) BIFT | FT their P(X < 2) or their CR.
6
'(c) Concluding that the (mean) no. of accidents has reduced when it has not. B1 | OE. Must be in context.
Accept: ‘It is believed that the booklet has helped to
improve safety when actually it has not’.
1
'(d) 3 not in critical region. M1 | FT their CR
or P(X<3)=0.0554>0.05.
No evidence mean number of accidents has decreased. A1FT | In context.
Cannot be a definite statement. e.g., ‘mean number
accidents has not decreased’.
2
Question 122
Assume SD still =5.2 B1 | OE i.e. “Assume the SD remains unchanged’.

Ho: pt=24.0H;: 1> 24.0 B1 | Or population mean; not just mean.
% M1 | For standardising (could be implied). Must have V50.
%
=2.448 Al | OrP(X >25.8)=0.0071 .
‘2,448 > 2.326 M1 | Or0.0071 <0.01 .
For valid comparison.
[Reject Hg] There is evidence that (mean) amount of wheat is greater. A1FT | OE. FT their zca..

In context, not definite, eg not ‘Mean amount of wheat
is greater” No confradictions

CV method: CV=25.71 M1A1 25.71<25.8 M1 AIFT
or CV=24.09 M1 Al 24.09>24 M1 AIFT.




Question 123
(a) Est (1) = 23/50 = 0.46

Bl

13.02 3 _ 50 (13.02, z)
P 0.46" or Est (¢) 19750 0.467 | oe

5
Est (o) = ,g X

1 23.0)
Or estimated unbiased variance = —| 13.02 —u
49 50

M1 | For an expression of the correct form for unbiased
standard deviation or variance.

Est (6) = 0.22315 or Est (¢?) = 0.0497959 = [%j or 0.0498
Y

Al

0.46-0.5 M1 | Standardising with their values.
'022315'
J50
=-1.268 or -1.267 or=—1.27 (3sf) Al
—1.268 > —1.645 or 0.102 to 0.103 > 0.05 M1 | For a valid comparison.
[Do not reject Ho] There is insufficient evidence [at 5% level] that the mean Al FT | In context, not definite. E.g.. not ‘“Mean concentration is
concentration is less than 0.5. not less than 0.5°. No contradictions.
7!
®) cv—0.5 M1
022315 =-1645
J50
cv =0.448(1) or 0.448 (3 sf) Al
'0.448'- 0.4 M1
— e [51.521 t01.524]
)
1 —d('1.524") M1 | For area consistent with their working.
=0.0638 to 0.0642 Al
5

Question 124

Hy: Population mean no. enquiries = 1.55
Hi: Population mean no. enquiries > 1.55

Or “population mean no. enquiries = 0.31 (per minute)”
Bl | oe.
Allow 'A=1.55 or g =°1.55".

_ c52 3 4
P(Y> 5)=1—el55(1+1.55+ 15? +1-§f +1-i? )

or 1 —e'¥(1 +1.55+1.20125 + 0.62065 + 0.24050)
or1-(0.21225 +0.32898 + 0.25496 + 0.13173 + 0.05105)

]
Allow one end error, e.g. extra term: e x 133 ;f .

=0.0210 (3 s)

Al | Allow 0.021.
SC B1 no working scores B1 instead of M1AL.

0.0210 < 0.025

M1 | For valid comparison.

[Reject Ho] There is sufficient evidence [at 2.5% level] to suggest that mean no.
of enquiries has increased.

Al FT | In context. not definite.
e.g., not "Mean no. of enquiries has increased".

No contradictions.

55
!

n

Note: e55x L. =0.0158 < 0.025: scores max Bl

hn



Question 125

(a) Ho: population mean [of H | =4.23 B1 | Allow x =4.23 or population mean of h = 4.23
Hy: population mean [of /] > 4.23 butNOT 1 =4.23 or H=4.23 or h =4.23 or H =4.23.
1
(b) h—423 M1 | For standardising and forming an equation. Must have
- 1.645
0.67 7200 . Allow + 1.645 or + 1.96.
h00 Accept > and <.
Allow H or any letter instead of 5.
7 =431(3sh) Al | May be implied by 7 >4.31. Allow & < 4.31 for this Al
only, condone 4.15 also seen.
7>431 or h > 431 (3sf) Al | Condone any letter instead of 7.
3
(c) Incorrect, because the population of H is given as normally distributed B1 | Allow 4 instead of H or just “The population is normal.’
[with known variance]. Must use ‘population” or ‘underlying distribution’.
1
Question 126
(a)@) | Needto find P(X > 8) B1 | oe (e.g. invalid because it should be a tail probability
compared with 0.05).
1
(a)(u1) | Ho: P(green) =0.5 B1 | Allow p =0.5.
Hi: P(green) > 0.5 Allow p > 0.5.
P(X > 8)=0.0439 + 1°Cy x (0.5) x (0.5)° +0.51° M1 | Attempt 0.0439 + P(X=9) + P(X= 10).
Must see Binomial expressions B(10,0.5).
=0.0547 or 0.0546 (3 sf) Al | SC B1 0.0547 or 0.0546 with no working.
0.0547 > 0.05 M1 | Valid comparison of tail probability with 0.05.
[Do not reject Ho| “There is insufficient evidence [at the 5% level] to accept AI1FT | In context, not definite. No contradictions.
the hypothesis that boys prefer green.’ Allow ‘There 1s insufficient evidence to reject the
Or ‘There 1s sufficient evidence to support the researcher’s claim.’ hypothesis that boys like green and orange equally’.
Not definite, ¢.g. not ‘They don't prefer green" or
‘Researchers claim true” ‘Magazine’s claim untrue’.
Any mention of ‘claim’ must be clear which claim 1t is.
5
i(b) H, was not rejected B1 | Mark independently.
1
i(c) 10Cex(0.5)%(0.5)° + 0.5'° or "0.0547" —0.0439 M1 | Finding P(9,10) using B(10,0.5).
Could be seen in (a)(ii).
P(Type I error) = 11/1024 or 0.0107 (3 sf) or 0.0108 Al




Question 127

(a) 0.01 or 1% B1 | Note: x < 0.01 scores BO.
1
(b) h-163.21 M1 | Accept any = (£).
2326 =—————
6.95+ /300
7 =164.14 A1 | Accept 3 sf accuracy here.

[Rejection region is h > 164.14]
[P(Type IT) = P(h < 164.14 | u = 164.91)]

their '164.14'-164.91 [=-1.919] M1 | For standardising 164.91 with their 164.14 (could
6.95 300 . be 163.21).
O(their—1.919) = 1 — O(their<1.919”) M1 | For area attempt consistent with their values.
=0.0275 or 0.0276 or 0.028[0] (3.s.f) Al | Accept anything mjrange 0.0275 to 0.028[0].
5
Question 128
(a) [e02] = 0.819 (3st) B1 | Accept 2 as final answer.
1
(b) 1=:125 B1
1252 M1 | Any A Allow one end error.
e12| 1+125+ Must see expression (in any form).
Accept correct X notation.
or e’125(1 + 1.25 + 0.78125)
or 0.2865 + 0.3581 + 0.2238
=0.868 (3sf) Al | SC Answer with no working seen scores B1 (could
be implied).
3
() e 013 x e01(0.1) = 0.077879 M1 |P(B=0)xP(G=1) 0.8607 x 0.09048
i 0.1 P(B=0)xP(G=2) 0.8607 x 0.004524
S T B PB=1)xP(G=2) 0.1291 x 0.004524
0.1 Note: P(B=0) x P(G=2)and P(B=1) x P(G=2)
—0.15 —0.1 =
5 R 2 000079 may be seen within P(G = 2) x P(B < 2).
For one expression seen.
012 0.1 M1l | PB=0)xP(G=1)+PB=0)xP(G=2)
e 0 x e01(0.1) +e 0 x g0l —— |+015 x (.15 x &0l x— +P(B=1) x P(G=2).
2 z For the three Poisson terms added (must be from a
=0.077879 + 0.00389036 + 0.0005841 complete attempt at all 3 terms).
= 0.0824 (3 sf) Al
Alternative method for Question 5(c)
P(B=0) x P(G>0) M1 | For one expression seen.
64),15 X (1 — e*O,l)
PB=1)xP(G>1)
et x0.15x (1 —e*(1+0.1))
etbx (1 —e?)+e05x0.15x (1 —e?(1+0.1)) M1 | For adding their expressions.
= 0.0824 (3 sf) Al




i(d)

(@)

®

Ho: 4 = 1.25 or 0.25[per day]
Hi: 4> 1.25 or 0.25[per day]

B1

Or p or ‘population mean’.

o 1252 125° M1 | Any A No end errors. Expression must be seen (in
P4late)=1-¢? [1 L e T ) any form). Accept correct T notation.
or 1 —e125(1+1.25+0.7813 + 0.3255)
or 1 —(0.2865 + 0.3581 + 0.2238 + 0.09326)
=0.0383 Al | SC 0.0383 with no working scores B1.
0.0383 <0.05 M1 | For a valid comparison.
[Reject Ho] A1 FT | No contradictions. In context and not definite,
‘Hence there is sufficient evidence to suggest that the teacher’s claim is true’ e.g. not “More students are late’ or ‘Claim is
or ‘There 1s sufficient evidence to suggest that more students are late on correct’.
average’. Ft their 0.0383.
5
Question 129
Ho: Population mean mass =510 g B1 | Allow ‘x’ but not just ‘mean’.
H;: Population mean mass < 510 g
4 508510 M1 Standardising must havev120.
10 +4/120
=+-2.191 or—2.190 Al
—2.191<-1.96 0r2.191 > 1.96 M1 | OE
Area comparison: 0.0143 or 0.0142 < 0.025 For valid comparison.
Inequality sign the wrong way round scores M1 AQ.
[Reject Hq] There is sufficient evidence to suggest that the [mean| mass has AI1FT | OE
decreased In context (must be ‘decreased’ OE, not ‘changed’);
not definite. No contradictions. Condone ‘there is
sufficient evidence to support the inspector’s claim’.
NB: Accept alternative method using critical value (=
508.21) and comparison with 508. Condone 509.79
compared with 510.
Two tail test scores maximum B0 M1 Al M1 AO;
must have comparison with 0.0125 or 2.24/2.241.
5
cv—-510 L M1 | Standardising to find critical value (must use 510 and
10120 10++/120) . Accept + 1.96.
cv=508.21 A1 | Accept 3 sfif nothing better seen.
Note: cv could be found in (a).
508.21-506 M1 | Standardising with their 508.21 and 506 (must use
=t T 2 [=0421] ‘
10120 10++120).
P(X >508.21|u=506)=1-D(2.421") M1 | For area consistent with their working.
=0.0077 to 0.0080 (2 Al -5
. (2sD) Note: M scores max M0 A0 M1 M1 AQ.
10++/120
5




Question 130

(a) Ho:p=03 B1
Hi: r< 03
B(31.03).P(Xg4)= M1 | No end errors.
0.7% + 31%0.7°%%0.3 + *1C;x0.7%x0.3% + *1C5x0.7%x0.3* +
31C4x0.77720.3
=0.00001577 + 0.0002096 + 0.0013475 + 0.0055826 + 0.016748
=0.0239 (3sf) A1l | SC 0.0239 with no working scores B1.
‘0.0239" < 0.05 M1 | Valid comparison.
[reject Ho) AI1FT | In context.
‘There is sufficient evidence (at 5% level) to support Rita’s Not definite. No contradictions.
suspicion’, FT their 0.0239.
or “There is sufficient evidence to suggest the probability of seeing
this type of bird has decreased’
5
(by | PLY=5)=[0.0239" +3'C5%0.7%x0.3°]= 0.0627 [which is > 0.05] BIFT | Attempt P(X < 5).
Only FT if > 0.05.
Only FT their 0.0239 if P(X < 4) attempted in (a); arithmetic error
only.
P(Type I error) = “0.0239° BIFT | Only FT their 0.0239 if P(X < 4) attempted in (a); arithmetic error
only and their 0.0239 < 0.05.
2
(©)) |[A=]3.65 B1 | Stated or implied.
e 365 % M1 | Must see expression. Any A.
=0.192 (3sf) Al | SC: Use of Binomial. 0.193 scores B1.
SC: 0.192 with no working scores B1 B1.
3
(c)(il) | m=365>50 B1 | Explicit. Both needed.
np=3.65<50rp=0.01<0.1 Note: and ‘» large, p small’ is insufficient.
1
Question 131
'(a) A=66 B1
P(X<2)=e5%1+6.6+ 5,_252) [= 0.0400] [ < 0.05 ] M1 | Expression must be seen. No end errors.
or 351 +6.6+21.78) Allow use of 3.3 here.
or 0.001360 + 0.008978 + 0.02963
P(X<3)=e®Y1+6.6+ 55+ 6801 0.0400 + & %% o6& = B1 | Condone unsupported 0.105.
0.105[>0.05]
P(Type I error) = 0.0400 (3 sf) Al | Allow 0.040 or 0.04 AWRT
SC unsupported ans of 0.0400 can score max B1B1B1.
4
'(b) Ho: A=6.6. Hi: 1< 6.6 B1 | May be seen in part (a) and award B1 mark here.
Acceptpor .
Accept 3.3 or 6.6.
[P(X<2)=0.0400] " 0.04 " <0.05 M1 | For comparing their P(Y < 2) any 4 with 0.05.
[Reject Hg] There is evidence to suggest that mean number of Al

accidents has decreased

In context, not definite.
No contradictions.
CWO.




'(c) P(X > 2) attempted, with any A M1
PX>2)=1—-€13(1+12+12) M1 | Expression must be seen.
or=1-¢"2(1+12+0.72) ;‘me? k.
or=1-(0.3012 +0.3614 + 0.2169 ) i
0.121 (3 sf) or 0.120 Al | SC unsupported answer scores B2.
3
'(d) N(18, 18) seen or implied B1
10.5-18 M1 | Allow with no or incorrect continuity correction.
Jiz  [=-L768] Their 18.
P(X = *—1.768") = ®(°1.768") M1 | ft rheir standardised value.
Area consistent with their values.
=0.961 or 0.962 (3 sf) Al
4
Question 132
(a) ‘ Two-tailed because looking for difference B1
| 1
i(b) Ho:p=127Hy;: u+#12.7 B1 | No ft from part (a).
597.1 M1
2127
23
J50
=-2.330 Al | or 0.00989 or 0.0099.
Accept —2.336 or — 2.337 or 0.0097 if area comparison used.
‘“=2.330" >—2.576 or “2.330° <2.576 M1 | Accept 2.574 to 2.579.
or ‘0.00989" > 0.005 Or use of CV.
or '0.0097" > 0.005 12.7-2.576 x ( 2.3/ sqrt 50 ) = 11.862 M1A1l.
11.942 > 11.862 M1Al.
[Not reject Ho] There is insufficient evidence to suggest that u is A1 FT | OE ft their Zea

not 12.7

In context, not definite, e.g. not “u =12.7".
No contradictions.

SC use of 1 tailed test can score BOM1A1M]1 for comparison with
0.01 A0 max 3/5.




Question 133

(a) 0.02 or 2% B1 | <0.02 B0
1
(b) Ho:pg=23H;:pup>23 B1 | Accept ‘population mean’ for p (not just mean) If not seen
here, can be awarded if correctly seen in part (a)

= G —(238)*)) or 1/99 (580 — 238%/100) M1 | Comrect substitution in 52 or \/5_2_ formula.

=0.137=113/825 or s = 0.370 (3 sf) and ¥ =238/100 [=2.38] A1l | ¥ ands® (or s) correct.

(SC biased estimate 0.1356 and X¥ = 2.38 scores B1).
Zj;%;r_;—? [=2.161 or 2.162] M1

=2.16 (3 st) OR 0.0153/0.0154 if area comparison used Al

‘2.16° = 2.054 (or 2.055) OR ‘0.0153 or 0.0154°<0.02 M1 | Valid comparison.

[There is evidence to reject Ha. | A1FT | No contradictions. In context, non-definite.

There is sufficient evidence to suggest that the [mean] height [in Accept CV method x =2.376<2.38 or x =2.304>2.3 M1 Al

scientist’s region] is greater than 2.3 [m] OR there is sufficient evidence for x and M1 Alft for comparison and conclusion

to suggest that the scientist’s claim is justified. Two tail test can score BO M1 A1 M1 A1 M1 (comparison
with 0.010e) AOft max 5/7

g/
() Not possible since H, was rejected. B1FT | Need both. Accept No as Ho was rejected.
Follow through their conclusion in (b) .
Condone a definite statement.
1
Question 134
(a) Ho:p=08 Hi: p>=0.8 B1

[Assuming Ho, P(X > 23) =] 2C3>0.22x0.8% + BC240.2x0.8%* + 0.8% M1 | No end errors. Expression must be seen or supported by

=0.070835 +0.0236118 + 0.0037779 enough figures to be convinced B(25,0.8) used.
Accept correct T notation.

=0.0982 A1l | SC B1 for 0.0982 unsupported.

0.0982 < 0.1 M1 | Valid comparison their 0.0982 must be a tail probability.

[There is evidence to reject Ho| ftA1l | No contradictions. In context, non-definite.

There 1s sufficient evidence to suggest that p has increased Condone ‘there 1s sufficient evidence that the ‘claim’ is
correct” and condone ‘there 1s sufficient evidence that the
number of employees (using the canteen) has increased’
Note: CR method will include P(X > 23) so M1 Al as
above, and P(X >22)=0.234>0.1 with at least one
probability comparison with 0.1 needed to find CR of
23,24,25 (so 23 m CR) M1 A1ft as above.

5
(b) Not suitable as model does not allow for more than 25 employees to use B1 | Need both (i.e. suitable or not suitable plus reason).

the canteen/Not suitable as uses a sample instead of all employees/Not
suitable doesn’t include all employees /Not suitable as 30 is only just
bigger than 25 should have used 30

OR

Suitable as owner knows that not all employees use the canteen, or
similar




Question 135

(a) B(35, 0.2) used B1 | May be implied.
0.83 + 35x0.834x0.2 + 35C;x0.833x0.22 + 35C3x0.832x0.23 OR M1 | No end errors. Accept fully correct sigma notation.
0.0004056 + 0.0035494 + 0.015085 + 0.0414838
=0.0605 [so significance level is] 6.05% or 6.1% or 6% (or accept anything in A1 [ As final answer. Must see 0.0605.
range 6.05% to 14.3%) SC Unsupported correct answer 6.05% scores Bl B1.
3
(b) 0.0605 B1 | Correct or FT their <=3 (from Bin) in 5(a) must be 3sf.
1
(c) B(35, 0.05) used B1 | May be implied.
1 —(0.9535 + 35%0.9534x0.05 + 35Cy% 0.9533x0.052 + 35C3% 0.9532x0.05%) M1 | No end errors. Accept fully correct sigma notation.
1-(0.1661+0.3059 +0.2737 + 0.1585)
=0.0958 (3 sf) accept 0.0957 A1 | SC Unsupported correct answer scores Bl B1.
3
Question 136
(a) it =61.3=3678/60 = 613/10 B1
2 = 22 2487 L M1
o’ = Q2L 6] 3) = 1/59 (226313.36 -36782 /60) [=361/25]
=14.44 AG A1 | from correct expression must see 14.44.
(b) Ho: Population mean = 62 .4 B1 | Allow ‘&’ but not just ‘mean’.
Hi: Population mean < 62.4
'61.3'-62.4 M1 | Standardise with their mean.
Nzl Ignore cc for M1. Must have V60.
Jeo
=—2.242 (accept +) A1 | Accept 3sf if nothing better seen.
2.242 > 2.054 or —2.242 < —2.054 (accept 2.055) M1 | or compare 1 — §("2.242") with 0.02.
re. 1 —0.9876 = 0.0124 or 0.0125 < 0.02.
[Reject Ho ] A1lft | OE. Not definite, e.g. not ‘The mean time has
There is sufficient evidence to suggest that (at 2% level) that the (mean) time has decreased’ No contradictions. In context.
decreased. Accept cv method 61.392 M1 Al 61.392>61.3 M1 Al
OR 62.308 M1 Al 62.4>62.308 M1 A1l (3sf accuracy)
SC For 2-tail test BO M1 Al M1(with 2.326 OE) A0
5
‘() Yes, because population distribution of times is unknown B1 | OE. Allow © ... is not normal’ (Accept ‘parent’ dist

Accept underlying distribution).




Question 137

(a) B(35,0.25) M1 | SOL
0.75% + 35x0.75*x0.25 + 33C,x0.75%x0.25 + 3°C;%0.75%2x0.25* M1 | Attempt P(r < 3)
=0.000042378 +0.0004944 + 0.00280168 + 0.01027283 Expressions or terms.
=0.0136 (3sf) [ <0.04 ] A1 | SC unsupported answer 0.0136 B1.
€0.0136” +33C,x0.75°"x0.25*=0.0136 + 0.0273942 M1 | Attempt P(r < 4)
Expressions or terms
=0.041[0] (2 sf) [ = 0.04 ] A1 | SC unsupported answer 0.041 B1.
Maximum value of r 1s 3 A1 | Dep on above two correct probabilities seen and at
least one comparison with 0.04.
6
(b) Concluding proportion has decreased when in fact it hasn’t B1 | Or concluding that the director’s belief is correct
when in fact it isn’t.
0.0136 B1 | FT their P(r < 3), dep < 0.04 OE.
2
(c) 1 —(0.95% + 35x0.95%*x0.05 + *°C2x0.95%x0.052 + ¥*C3x0.95*x0.05%) M1 | Attempt 1 — P(r < 3) with B(35, 0.05).
=1-(0.16608 + 0.305943 + 0.2737385 + 0.158480 ) Expressions or terms.
=0.0958 (3 sf) A1l | SC unsupported answer 0.0958 B1.
2
Question 138
Y(a)(i) 10.03-10 _ ! M1 | For standardising.
=158 Must have square root 50.
V50 M1 | Equating to 1.995 (not phi 1.995).
=0.106 (3 sf) Al
3
(a)a) |Ho:p=10 Hl:u>10 B1 | Accept if seen in part (i) but not in (ii).
Accept population mean but not just mean.
1.995>1.96 M1 | Valid comparison.
0.977 > 0.975 or 0.023 < 0.025.
Accept 2.00 or 2.001 > 1.96.
[Reject HO | There 1s sufficient evidence [at 2.5% level] to suggest that mean A1 | No contradictions. In context. Not definite.
length 1s greater than 10 cm. Accept °..... that mean length has increased”
Or There is sufft evidence to support the inspectors thought /claim. Note 2 tail test scores BOM1AO.
3
'(b) ‘ No, because population distribution [of lengths] 1s normal B1 ‘




Question 139

(a) Hu:p:é H1:p<%

B1

(%)30+ 30(%)29(%% 30@(%)28 (%)2 =0.00421272 + 0.0252763 + 0.07330

M1

Expression or terms must be seen. No end errors.

® <= (%)30+ 30(%)29 (é) (=0.029489...)

=0.103 A1l | SC Unsupported correct answer scores B1.
‘0.103” > 0.05 M1 | Valid comparison (must be a tail comparison and
from a Bin but not necessarily correct Bin).
[Accept Ho] Insufficient evidence to suggest that the probability is less than 1 AIFT | FT their 010’% ] .
6 No contradictions. in context and non-definite.
Or Insufficient evidence to support Birgitte’s suspicion Note: Condone ‘Insufficient evidence to suggest that
the dice is biased’ scores Al.
5
M1

P(X < 1) attempted using B(30, é ). No end errors.

P(Type I error) = 0.0295 (3 sf)

Al | P(0) and P(1) expression or terms may be seen in

(a)-
If not in (a) unsupported answer of 0.0295 scores
B1.

(c) P(Typelerror) =1 -P(X< 1 |p=0.02)

M1 | Use of B(30.0.02) to find 1- P(X < 1). May be

implied.

=1-(0.98 + 30 % 0.98% = 0.02) = 1 — (0.54548 + 0.33397)

M1 | No end errors. Expression or terms must be seen.

=0.121 (3 sf)

Al | SC Unsupported correct answer scores M1B1.

Question 140

sd (o) remains at 3.8, or is unchanged B1 | Or Var unchanged.
=1.645 M1 Any z (M0 if not a z value) Must have /10 .

_ x-105 B1
=733 +1.645

Jio
[Smallest value of] x=12.5 (3 sf) Al | ISW after 12.476... or 12.5 seen.
Accept ¥>12.476 or X >12.5 as final answer.
4




Question 141

(a) HO: Proportion (at college) owning Pumpkin phone = 0.25 B1 | Allow p=0.25, p<0.25. Allow 25%.
HI: Proportion (at college) owning Pumpkin phone < 0.25
1
(b) B(30, 0.1) and P(X > 5) attempted M1 | May be implied.
1— (0.9 + 30%x0.9%°x0.1 + 3C3x0.9%x0.1% + 3°C5x0.977x0.1* + 3°C4x0.9%5x0.1%) M1 | For expression or terms. No end errors.
=1-(0.042391 +0.141304 + 0.22766 + 0.236088 + 0.177066)
=0.175 (3 sf) accept 0.176 Al | SC Unsupported working and correct answer scores
MIiB1.
3
(c) M1 | Any z must be a z.
Only one side calculated can score M1.
z=196 B1 | Seen.

0.0225 t0 0.227 (3 sf)

Al | Must be an interval.

(@

(b)

3
Question 142
2750 275 B1
Est(u) = or — or45.8 (3 sf
=252 or = GsD
2 M1 502
Bat(p™)=—| T | 2D or 1| 1270002720
591 60 6 59 60
Note: 6 (4.03) can score M1 for correct expression
Use of biased (15.97) MO0.
2875 Al
=16.2 (3 sf) or
(30 177
3
H,: Population mean time =45  Hi: Population mean time > 45 B1 | Allow ‘4’ but not just ‘mean’.
075 M1 | Standardise using their values from 3(a).
-45 .
Must have /60 (ignore cc).
'16.24294'
60
=1.602 to 1.595 Al | Accept 3sf 1.6(0) if nothing better seen.
(or area = 0.0546 to 0.0553).
FT Biased in 3(a) scores Al for 1.608 to 1.615.
‘1.602° < 1.645 M1 | Or compare areas.
1.e. 0.0546 to 0.0553 > 0.05.
[Accept Ho] A1FT | OE

There 1s insufficient evidence [at 5% level] to reject the company’s claim
OR There is insufficient evidence to accept the passenger’s belief
OR There is insufficient evidence that the mean time is more than 45 minutes

FT their z-calc.
No contradictions, In context, Not definite, e.g. not
‘Mean time is more than 45 mins’.

Note: accept cv method (45.856 > 45.83 or 44.98 <
45).






