IAS 3.10 - Formal Inference 49

Answers Page 23
Results in most questions will vary slightly as they 3. a) 95% percentile confidence intervals by
rely on bootstrap re-sampling. bootstrap re-sampling are:
Page 22 Mean 2.62 ppm to 4.44 ppm
Median 2.80 to 3.50 ppm.

1. a) 95% percentile confidence interval for the

mean by bootstrap re-sampling is 0.021 to b} The extreme val.ue (,)f 13.7 ppm affects: the' )
0.052 mean resulting in high means every time it is
) ) selected and even higher if it is selected more
b) No, the confidence interval goes beyond than once
0.05 so they are not justified in saying the '
are less thayn 0.05 ] ying they c) The extreme value of 13.7 ppm does not
affect the median as the median is the middle
C) A;u:::p |L Sample Variable: Probability _Quantity: mean __File: Biosecurity.csv num‘b er.
d) and e)
o Module: 1 Sample Variable: ppm __Quantity: mean__File: Potassium.
o 8 o] Sample
r T 00 T T 1
0 0q2 004 | 006 008 01 g %
Re-sample 0.02 006 So o SElfed o
T 3"33 T T T T 1
7262' 4 i 6 8 10 12

Re-sar®"

d) The sample is only 15 elements and is not a
normal distribution

2 6 8 10 12
2. a) Unusual distribution, small sample size and e 1t e

information required about the median. semele

b) 95% percentile confidence interval for the
mean by bootstrap re-sampling is o dlsmo ‘
18.5 seconds to 23.6 seconds (1 dp). T
95% percentile confidence interval for the : l'ml ; ; ; . M
median by bootstrap re-sampling is s U0
15.2 seconds to 25.4 seconds (1 dp).

c¢) The bimodal distribution means the median ‘HHH
swings greatly depending on which end of ‘ . ‘ . ‘ .
the distribution is over represented in the " s ’ 10 2
bootstrap sample.

d) ﬁgodu!e |1 Sample Variable: Time..s. __Quantity: median __File: Swimming.csv

ample
N 5 J 0w
0 ees 6 6 | 9 20 o & & . 4. a) The95% percentile confidence interval for the
! mean by bootstrap re-sampling is 1.49 to
T — T 1 2.21 mg/l
£15.20 p1e - 535 = The 95% percentile confidence interval for the
median by bootstrap re-sampling is 1.60 to
240 mg/1.

H_H_I,\_I_H_H__H_l_\_H b) Both the mean and median of the population

. . , ‘ could be over 2 mg/1. The school is not
E y & 3" compliant at the 95% percentile level with the
Bootstrap distribution ) ] | .
Ministry of Education requirement.

c¢) The distribution is not normal with
observations spread erratically between 0.5
and 2.8 mg/1. The population distribution is
likely to be similar to the sample distribution.
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Page 23 Q4 cont...

d Module: 1 Sample Vaniable: mg litte__Quantity: median _File: Chlorine.csv
) Sample

o o]
<] [e] [e] (e} e] [e] oo [ele} [e]
T
1.90
T T T T T 1
05 1 15, 2 25 3
1.60 240

Re-sample

05 1 15 2 25 3
Bootstrap distribution
r T T i uc A
05 1 15 l 2 25 3
1.60 2.40
Page 24
5. a) 95% percentile confidence for the mean by

bootstrap re-sampling is 8.24 litres / 100
km to 9.24 litres / 100 km.

b) 95% percentile confidence interval for the
median by bootstrap re-sampling is
7.90 litres / 100 km to 9.40 litres / 100 km.

C) Module' 1 Sample Vaniable: L1000 km _Quantity- mean__File: Petrol.csv
Sample
(o]
e} [e] 000 00 (2] O 000 O O [e BN el e] e]
!
8.75

r T T T 1
] 8 9 10 i

Re-sample 8.24 9.24
r
7

Bootstrap distribution

d) For petrol consumption we are
concerned with the total used so extreme
results will be important. In this case
the distribution does not include any
extreme values.

95% percentile confidence interval for the
mean by bootstrap re-sampling is
7.22 minutes to 12.17 minutes.

b) 95% percentile confidence interval for the
median by bootstrap re-sampling is
5.90 minutes to 9.45 minutes.

c) The relatively few long waiting times
resulted in the means tending to be higher
than the medians. As half the patients
would be waiting for less than the median
time it would be the best measure of the
waiting time.

IAS 3.10 - Formal Inference

Page 24 Q6 cont...
d) Module: 1 Sample

Sample

Variable: Time _Quantity: median _File- Waiting.csv

o
[T« o] s} Q
O 00 caoo@® @Op OCo 00 oo ] o o] e}

[ 770
T T T T

-] A0
Re-samp15.90 9.45

e) The surgery should say that patients could
expect to wait between 6 and 10 minutes
but in unusual circumstances longer
waiting times are possible.

Page 25

7. a) The 95% percentile confidence interval for
the mean weight of protein by bootstrap
re-sampling is from 21.46 g to 24.74 g

per 100 g of cheese.
b) Nodule: 1 Sample

Sample

Vaniable: Protein _Quantity- mean _File: Cheese csv

Q
] 00 [}
] 0 G O o] o e}
23.06
r T T T

18 20 22 24
Re-sample 21.46

o
] 0o o0

v 26
24.74

r T
18 20 22 24 26 28 30
Bootstrap distribution

26
21.46 2474

The 95% percentile confidence interval for
the median weight of protein by bootstrap
re-sampling is from 20.3 g to 24.4 g per
100 g of cheese.

b) Nodule: 1 Sample.

Sample

Variable: Protein__Quantity: median __File: Cheese.csv

o}
]

o} o o0 g
o (el e} [e] ] O o@ O O e} o] [e]
23.40
T T T T T 1
18 7&[ 22 24 2 28 30
Re-sample 20.30 24.40

18 20 22 24 26 28 30
Bootstrap distribution

o o :F
18 U 22 2

4 26 28 30
20.30 24.40
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Page 25 cont... Page 26 cont...

9. a) The 95% percentile confidence interval for ~ 12. a) The 95% percentile confidence interval for
the mean weight of total fats by bootstrap the median mandible length by bootstrap
re-sampling is from 30.78 g to 34.80 g per re-sampling is from 222 mm to 229 mm.
100 g of cheese. b) [ S P

Sample
Module: 1 Sample Vanable: FatTot _ Quantity mean _File: Cheese.csv.
b) Sample B
o 8
- 8 85598 $o o 8 o 00
[ele] [ele) e 0C0000PC © G000 00 GO O O GO O o 00
8 8 (el e} <] o o
r T T T 1
210 220 \L 30 240 250
1 Re-sample 222.00 229.00
g 5 40
Re-sample 30.78 34.80
il 210 20 230 240 250
T T 1 Bootstrap distribution
30 35 40
Bootstrap distribution 3
I g
210 220 P30 240 250
222.00 229.00

B5 40
34.80

foze

¢) The distribution of medians is made up
of columns (discrete results). The interval
range is the same but a few large results

have the mean 2 mm higher at both ends.

10. a) The 95% percentile confidence interval
for the mean weight of saturated fat by
bootstrap re-sampling is from 20.93 g to
23.93 g per 100 g of cheese. 13. a) The 95% percentile confidence interval for

b) Module: 1 Sample Vanable: FatSat _ Quantity. mean _File: Cheese.csv_

s the mean income per week by bootstrap re-
sampling is from $529.23 to $625.67.

o b) Module: 1 Sample Variable: Income __Quantity: mean__File: St sv
[e] 8 Sample
le o o (e e] o o o o o] [e] o
o o o O
[N} g o
5 Soo Sadtn® So oo
r T T T 1 & &8 HEBEE IR Q
o & 00 COU@m@Edo 00 O B O
18 20 26 28 30 000 CAENCO_OTKIN0N @0 BCEBHcedo 0 0
Re-sample 2093 2393 GELCCRIXIO 0/ COCOIO0K eescrariralecie il o @o 0o

T
1000 1500

501 \L
_‘-“‘-_ r—— 52923 62567
T T j - T T T |
18 20 22 24 26 28 30
Bootstrap distribution ) .
T T 1
500 1000 1500
Bootstrap distribution
= ™ T T 1
18 20 24 26 28 30
20.93 23.93
Page 26
11. a) The 95% percentile confidence interval for s202y  Gaser 1000 1500
the mean mandible length by bootstrap re- .
S gth by p ¢) The sample size of 200.
sampling is from 224.1 mm to 230.5 mm.
b) [ - S 14. a) The 95% percentile confidence interval for
fodule: 1 Sample /aniable: Mandible length _ Quantity. mean __File: Dolphins.csv
Sample the median income per week by bootstrap
. re-sampling is from $482.50 to $574.00.
8 0000 (Q [e] b) Module 1 Vaniable_income __Quantity_median _File_ SURFincomeSurvey csv_
[e]e] 08 o %888()88 8000 [e]e] 80 oo 88 o] 0 00
J
210 220 l 23‘}) 2;0 2;0 @« y
Re-sample 224.09 23045
Resample 48250 567400 b
T T T T i §
210 220 230 240 250 |- T "
Bootstrap distribution 1 1000 1500
Bootstrap distribution
21I0 z;n 2 24‘0 2;0 gR250 ISAT0 " g
224.09 230.45
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Page 26 Q14 cont...

14. ©)

Page 28
15. a)

b)
16. a)
b)
17. a)
b)
18. a)
b)
Page 29
19. a)

You would expect the mean to be higher as
there were some very high weekly incomes
(e.g. $1789) that would affect the mean but
would have had no effect on the median.

The 95% percentile confidence interval for
the mean petrol consumption, by bootstrap
re-sampling, is 8.3 < < 9.3 L/100 km.

Fuel.consumption.L.100.km

The 95% percentile confidence interval for
the mean waiting time, by bootstrap re-
sampling, is 5.8 < y < 9.1 minutes.

5 10 15

Waiting.time..mins.

The 95% percentile confidence interval for
the mean driving time, by bootstrap re-
sampling, is 51.6 < y < 55.5 minutes.

He should quote 52 to 56 minutes.

o 8 o0 o 800 ® ® o

5 10 15
Waiting.time..mins.

The 95% percentile confidence interval for
the mean hard drive life, by bootstrap re-
sampling, is 40 540 < u < 50 310 hours.

Minimum average life is 41 000 (2 sf).

a§§os§sosass§a T a8 o8 oo

20 30 40 50 60 70 80
Hard.Drive.Life..hours.

The 95% percentile confidence interval
for the median bag weight, by bootstrap
re-sampling, is

Boys 2.2 < median < 4.0 kg

Girls 3.0 < median < 5.4 kg

IAS 3.10 - Formal Inference

Page 29 Q19 cont...

19.

Gender

20.

21.

b)

Bag.weight..kg. by Gender

Boy

Y0 odhod) o b oo i o

— .

Girl

Lower
Boy 2.1
Girl 3.0

Median Upper
3.178 4
4.879 B

a)

b)

a)

b)

<)

Bag.weight..kg.

The 95% percentile confidence interval
for the median income, by bootstrap re-
sampling, is $628 < median < $859 per week

000w 3¢ 8fo a8 ms{ o0 o8 & o

500 1000 1500

Wages..wk.

The 95% percentile confidence interval
for the median income, by bootstrap re-
sampling, is $626 < median < $860 per week

As expected these are very similar.
Bootstrap uses chance to create the
distribution so every time the confidence
interval will vary slightly.

Module: 1 Sample
Sample

Variable: Wages_wk.__Quantity median _File: Wages.csv

Re-sample

500
Bootstrap distribution
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Page 29 cont...
22,

Page 34 Q25 cont...

a) The 95% percentile confidence interval for

25. b) Module: 2 Sample
the lower quartile income, by bootstrap re-

Sample

Variable: Weight..kg. _Quantity- mean__File: Bag 2.csv

o

o]
sampling, is $460 < lower quartile < $626 per g 8 6|.8 o 8
00 00®OO0 |OCO MO 0 @ (o]
Week. 140 By
. . . . . ) {
b) $600 is within the confidence interval so the 5 ok I G%f 3
. . . 00 000 e} e} 20 O oG @ e} (e NN e o]
union does not have enough information to Gir
. T T T T 1
refute or challenge the company’s’ claim. 2 " 6 8 10
Re-sample
C) Module: 1 Sample Variable: Wages..wk. __Quantity: lower quartile __File: Wages.csv - Boy
Sample
o]
= o oo @ Girl
o O GO C(I‘[[#) a ’)Cgfﬂ 8% (ﬂ(g}) c%n Cl% g) o] o (el o] o] 2'
Bootstrap distribution

00 1000 1500
Re-sample 460.00

- . -
r

T
500 1000 1500
Bootstrap distributiol

c) This implies a difference exists back in
the population as this interval is always
positive. We expect the mean difference to
be that the boy’s bags are between 0.21 kg
to 2.65 kg lighter.

T
1000 1500

00
460.00 626.00

Page 33

23. a) 2.10 <Median, - Median, < 3.30 26. a) The 95% percentile confidence interval of
differences in median income is $61 to $370

per week.

b) Bootstrap distribution

b) Bootstrap distribution

-500

c¢) There is insufficient evidence to indicate

a difference in the assembly method as 0 c) Atthe 95% percentile level the population

24. a)
b)
0)
Page 34
25. a)

is included in the interval. The median
difference back in the population could be
positive or negative.

“0.60 < Median1 - Median2 <1.00

Bootstrap distribution

-0.60 1.00

There is insufficient evidence to indicate a
difference made as a result of the coaching
technique as 0 is included in the interval.

The median difference back in the population
could be positive or negative.

The 95% percentile confidence interval for
the difference between mean weights is
0.21 kg to 2.65 kg.

Page 35
27.

a)

b)

difference in median income could be as low
as $61 to as high as $370 and as 0 is not in
this interval the difference is significant so
the assertion is supported.

Module: 2 Sample Vaniable: Weight_kg. _ Quantity- median _File: Lambs.csv
Sample
o] o] ol e]
o 00 O MM Qo o0 00 0 o] a
Home
490
_—
jo]
g o (gl o 0o
oOo0om » % o 3« ] O O Mo o [e] e
Hill
r T T T 1
25 30 35 40 45
The distributions are both bimodal. Very

few data values in the middle which means
that predictions for the median will be
unreliable.

IAS 3.10 - Year 13 Mathematics and Statistics - Published by NuLake Ltd New Zealand © Robert Lakeland & Carl Nugent



54

Page 41 Q27 cont... Page 37
27. ¢) The 95% percentile confidence interval for 29.
the difference between the medians is 79.80
to 7.85.
Iléo;uofis :» :;M:il; ;obc::;r:p:ma Vanable: Weight..ka. __Quantity: median __File: Lambs.csv.
b)
o
-15
d) As the confidence interval is both positive
and negative (0 is in the interval), no
inference can be made about differences in
the population.
e) Possible lurking variables could be the
locations had different water supply,
different ages of sheep etc.
Page 36
28. a) Results will vary slightly.
North Is. | South Is.
Count 13 46 9
Mean 304.5 281.6
Median 304.0 282.5
Confidence Interval
Min CI 298.5 278.7
Max CI 309.8 284.5
d)
b) The 95% percentile confidence interval for
the difference between the mean lengths,
by bootstrap re-sampling, is 15.8 mm to
29.1 mm.
C) A::i:sf: :;m:i/:"ibuﬁon Varable. length _ Quantity mean _ File: Dolphins.csv
-10 0 +[30 ) 40 50
15.75 29.06
d) Atthe 95% percentile level the population

difference in mean condylobasal length is
significant as 0 is not in the interval. The
differences are always positive.

e) Atthe 95% percentile level using bootstrap
re-sampling the population difference in
mean Zygomatic width is between 11.6 mm
to 18.6 mm from North to South Island.

Module: 2 Sample Bootstrapping _Variable: Zygomatic.width __Quantity: mean__File: Dolphins.csv
Bootstrap distribution R
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a) In the sample the median number of hours

worked for males was 40 and the females’
median was 15 hours less. Back in the
population the differences in the median
hours of paid work is between 5 hours to 24
hours.

Module: 2 Sample
Sample

Vaniable: Hours _Quantity. median __File: SURFIncomeSurvey.csv.

actcll Bem m&ﬂ'r‘aﬁ ql'n ach

15.00

ecoel o o

female

o Goad o @ oo Eﬂrrf» ii b ol o 8
male
r T T T T T — 1
10 20 30 40 50 60 70
Re-sample
”| | “I”H | |‘ | | ‘ female
| | “| male
r T T T T T S |
10 20 30 40 50 60 70

Bootstrap distribution

The 95% percentile for the population
difference in median hours of paid work is
significant as 0 is not in the interval. The
differences are always positive. There is a
difference back in the population between
males and females median hours worked.

Many females would be working part time
or be at home working as they often have
responsibility for the children in a family.
The SUREF survey only looked at paid hours
not total hours worked.
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