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SUB-TOPIC 8.1

TYPE | AND TYPE Il ERRORS

Sub-topic 8.1 - 7 questions - 73 marks - lowest tariff first




ANSWER >

2. The number of errors made by a secretary is modelled by a Poisson distribution with a

mean of 2.4 per 100 words.
A 100-word piece of work completed by the secretary is selected at random.
(a) Find the probability that

(i) there are exactly 3 errors,

(ii) there are fewer than 2 errors.

(2)
After a long holiday, a randomly selected piece of work containing 250 words
completed by the secretary is examined to see if the rate of errors has changed.
(b) Stating your hypotheses clearly, and using a 5% level of significance, find the
critical region for a suitable test.
Q)
(c) Find P(Type I error) for the test in part (b)
0]
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(Total for Question 2 is 7 marks)

Question 2 continued
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ANSWER >

5. A machine fills cartons with juice.

The amount of juice in a carton is normally distributed with mean x4 ml and standard
deviation 8 ml.

A manager wants to test whether or not the amount of juice in the cartons, X ml, is less
than 330 ml. The manager takes a random sample of 25 cartons of juice and calculates
the mean amount of juice x ml.

(a) Using a 5% level of significance, find the critical region of X for this test.
State your hypotheses clearly.

C))

The Director is concerned about the machine filling the cartons with more than 330 ml
of juice as well as less than 330 ml of juice. The Director takes a sample of 55 cartons,
records the mean amount of juice y ml and uses a test with a critical region of

{¥ <328} U{Y >332}
(b) Find P(Type I error) for the Director’s test.
(2)
When g =325 ml

(c) find P(Type II error) for the test in part (a)
(2)
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Question 5 continued
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ANSWER >
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Question 5 continued
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(Total for Question 5 is 8 marks)

Question 5 continued
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ANSWER >

7. A manufacturer has a machine that produces lollipop sticks.
The length of a lollipop stick produced by the machine is normally distributed with
unknown mean y and standard deviation 0.2

Farhan believes that the machine is not working properly and the mean length of the
lollipop sticks has decreased.
He takes a random sample of size 7 to test, at the 1% level of significance, the hypotheses

Hu=15 H:u<15

(a) Write down the size of this test.
ey

Given that the actual value of u is 14.9

(b) (i) calculate the minimum value of 7 such that the probability of a Type II error is
less than 0.05
Show your working clearly.

(6

(i1) Farhan uses the same sample size, n, but now carries out the test at a 5% level of
significance. Without doing any further calculations, state how this would affect
the probability of a Type II error.

4y
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ANSWER >

Question 7 continued

Q\Vﬂ
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ANSWER >

Question 7 continued

(Total for Question 7 is 8 marks)
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ANSWER >

7. A machine fills bags with flour. The weight of flour delivered by the machine into a bag,

X grams, is normally distributed with mean u grams and standard deviation 30 grams.
To check if there is any change to the mean weight of flour delivered by the machine
into each bag, Olaf takes a random sample of 10 bags. The weight of flour, x grams, in
each bag is recorded and x = 1020

(a) Test, at the 5% level of significance, H : 4 = 1000 against H, : x = 1000
C))

Olaf decides to alter the test so that the hypotheses are H : = 1000 and H, : > 1000 but
keeps the level of significance at 5%

He takes a second sample of size 7 and finds the critical region, X > ¢

(b) Find an equation for ¢ in terms of n

(2)
When the true value of u is 1020 grams, the probability of making a Type II error
is 0.0050, to 2 significant figures.
(¢) Calculate the value of n and the value of ¢

3
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ANSWER >
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Question 7 continued
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ANSWER >
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Question 7 continued
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ANSWER >
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Question 7 continued
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ANSWER >

Question 7 continued

(Total for Question 7 is 11 marks)

Q\Vﬂ
17



ANSWER >

5. Information was collected about accidents on the Seapron bypass. It was found that the
number of accidents per month could be modelled by a Poisson distribution with mean 2.5

Following some work on the bypass, the numbers of accidents during a series of 3-month
periods were recorded. The data were used to test whether or not there was a change in
the mean number of accidents per month.

(a) Stating your hypotheses clearly and using a 5% level of significance, find the
critical region for this test. You should state the probability in each tail.

)

(b) State P(Type I error) using this test.
@

Data from the series of 3-month periods are recorded for 2 years.

(c) Find the probability that at least 2 of these 3-month periods give a significant result.
3)

Given that the number of accidents per month on the bypass, after the work is completed,
is actually 2.1 per month,

(d) find P(Type II error) for the test in part (a)
3)




ANSWER >
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Question 5 continued
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ANSWER >
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Question 5 continued

Q\Vﬂ
20



ANSWER >

Question 5 continued

(Total for Question 5 is 12 marks)
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ANSWER >

1. The number of customers entering Jeff’s supermarket each morning follows a Poisson
distribution.

Past information shows that customers enter at an average rate of 2 every 5 minutes.
Using this information,

(a) (1) find the probability that exactly 26 customers enter Jeft’s supermarket during a
randomly selected 1-hour period one morning,

(2)
(i1) find the probability that at least 21 customers enter Jeff’s supermarket during a
randomly selected 1-hour period one morning.
(2)
A rival supermarket is opened nearby. Following its opening, the number of customers
entering Jeff’s supermarket over a randomly selected 40-minute period is found to be 10
(b) Test, at the 5% significance level, whether or not there is evidence of a decrease in
the rate of customers entering Jeff’s supermarket. State your hypotheses clearly.
C)

A further randomly selected 20-minute period is observed and the hypothesis test is repeated.
Given that the true rate of customers entering Jeff’s supermarket is now 1 every 5 minutes,

(c) calculate the probability of a Type II error.
)

A
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ANSWER >
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Question 1 continued
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ANSWER >
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Question 1 continued
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ANSWER >

Question 1 continued

(Total for Question 1 is 13 marks)
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ANSWER >

7. A software company develops computer programs.
Its Lovelace program is found to glitch 7 times on average when it is run.

The company makes some alterations to improve the program.

It then tests to see if it has been successful in reducing the average number of glitches
per run.

The glitches can be assumed to occur independently.

(a) (i) State suitable hypotheses for the test.
(if) Find the critical region for the test at a 10% level of significance.

(iii) State the size of the test.
(4)

The altered program is actually found to glitch 5 times on average when run.

(b) Find the probability of a Type Il error for the company’s test.
®)

Due to the high value of the probability of a Type Il error in part (b), the company
makes an entirely new version of the program.

The new version of the program is designed to have an average of fewer than k glitches
per run.

The random variable T represents the number of runs of the program until a run with no
glitches occurs.

(c) Write down the name of a suitable distribution for T

M)

If the new version has an average of A glitches per run, this new version of the
program will be tested using the hypotheses

H: A=k H : 1<Kk

0 1

The company will reject H if the first run without any glitches of the new version
occurs within n runs.

(d) Show that the power function of the test is given by
1-(1-¢e)
)

The company requires P(Type Il error) < 0.2
Assuming that the new version of the program has an average of 2.75 glitches per run,

(e) find the minimum value of n

(4)
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Question 7 continued
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ANSWER >

Question 7 continued

(Total for Question 7 is 14 marks)
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official mark schemes
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MARK SCHEME - Option 3B: Further Statistics 1 - June2024 - Q2 8.1 Type | and Type Il Errors < QUESTION

Qu Scheme | Mark | AO
(@) | 18 M1 for an attempt at E(X), at least the final 2 products seen or an answer of 2

2"d M1 for attempting a correct expression for E(X 2), at least 3 non-zero products seen

Al for 4.9 or exact equivalent

(b) | 1%t M1 for attempting a correct expression, at least 3 non-zero products seen (implied by 176.9)
2"d M1 for a correct method, ft their 176.9 and their 8.9 but must be intending E(X*) and E(X?)
Al for 97.69 or awrt 97.7

Qu Scheme Mark | AO
2 (a) | (i) 0.20901...
awrt 0.209 Bl 34
(i1) 0.30844..
awrt 0.308 | B [ 1P
)
(b) HO:/1=2.4 (or u=06) H]:,I;E 24 (oru#6) B1 25
[E = no. of errors] E ~Po(6) M1 33
P(E < 1)= 0.0174 or P(E < 2) = 0.0620 3.4
and M1
P(E < 11) = 0.980 or P(E > 12) = 0.0201
Critical region: E<1 or E> 12 Al 1.1b
(4)
(c) | [P(Type I error) =0.0174 + 0.0201 =] 0.0375 B1ift |12
(Calc gives: 0.017351... +0.0200919... = 0.037443...)
1)
(7 marks)
Notes
(@) | 18 B1 for awrt 0.209 29B1 for awrt 0.308

(b) | B1 for both hypotheses correct in terms of A or x (allow A = 6 etc)

18t M1 for selecting the correct model. Sight or use of Po(6)

2" M1 for use of the correct model with two probs correct to 2.s.f. (accept P(E > 12) = 0.02)
Must see attempt at lower and upper limit. Probabilities may be seen in (c).

Al for correct critical region (both parts). Allow E<1 and E> 120or E<1,E> 12etc
Writing CR as probability statements is AO

NB: Completely correct CR implies M1IM1A1l

SC: 1-tailed test

BO as hypotheses are incorrect

M1 for sight or use of Po(6)

M1 (dep on Hj) for sight of P(E < 1) =0.0174 or P(E > 11) = 0.0426, in line with their H;
Al for CR: E<1orCR: E > 11, in line with their hypotheses

(c) | B1ft  for 0.0375 or 0.0374 or summing their two appropriate probs (ft their CR)
NB: If candidate uses a 1-tailed test, this mark cannot be gained
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MARK SCHEME - Option 3B: Further Statistics 1 - June2023 - Q5 8.1 Type | and Type Il Errors < QUESTION

Qu 5 Scheme Marks AO
(@ | H,:u=330 H, : 1 <330 B1 2.5
8 2
X ~IN| 330,| —— M1 3.3
4 ( &) }
P(X <C)=0.05 C;330 =—1.6449 M1 34
25
So C=327.368... and critical region is: X < awrt 327 Al 1.1b
C))
(b) Y N330(8j2 d require 2xP (¥ <328) (o.c.)
~ | —— and require 2x < 0.c. M1 33
NG !
=0.063732... awrt 0.0637 Al 1.1b
B B (2)
(©) | P(X>327.368...”| u=325) or 1-P(X<“327.368...”| u=325) | M1 34
=0.0694233... awrt 0.0694 Al 1.1b
(2)
(8 marks)
Notes

(a) | Bl for both hypotheses in terms of u
1%t M1 for stating or using the correct model — may be implied by use in later line.

Condone X or any letter for X

2" M1 for a correct equation for C Allow any z value that satisfies 1.6 <|z| < 1.7
If standardisation equation not seen, this mark may be implied by CV = awrt 327 or
CR: <awrt 327

Al for a correct CR allow just “< awrt 3277 Condone e.g. X < 327 rather than X < 327
Condone <

(b) | M1 for sight of correct model and attempt at P ()7 < 328) (o.e.) Condone missing 2 x

Al for awrt 0.0637 (correct answer scores 2 out of 2)

(¢) | M1  for a correct (ft) statement may be implied by sight of e.g. Z> "327.36.."-325 =1 48,
85

For =325 allow X ~N(325,...))

Allow ft from a 2-tailed test in part (a)
Al for awrt 0.0694 (correct answer scores 2 out of 2)
SC | Sight of P(328 <X <332 #=325)or 1 —P(X <328 U X >332| £=325) scores M1A0

RA
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< QUESTION

7(a) Size of the test = 0.01 Bl 1.2
@
(b)(i) Let CRbe L <k
k-15
———=-2.3263
02 M1 | 34
Jn
0.46526
k=15- Al 1.1b
Jn
0.46526
"15- "-14.9
Jn >1.6449 Mid | 34
0.2 Alft | 1.1b
Jn
0.79424 <01 +/n>7.9424 oe M1d | 1.1b
Jn
n=64 Alcso | 2.1
(6)
(i) The probability of a Type Il error would decrease. B1 2.2a
)
(8 marks)
Notes
@ |B1: |o001
(b)(#) | M1: | Finding the CR using the Normal distribution must have 1.5<|z|<3.5
Al A correct equation in the form k=... and for use of awrt 2.326 (implied by awrt
’ 0.46526 or awrt 0.46527)
Dependent on previous M being awarded. Standardising using their k and equating
Mid: | toazvalue 1.5<|z|<3 to form an equation to able n to be found. May use = rather
than >
Alft: | Fttheir k for a correct equation with awrt 1.645
M1d: Dependent on previous M being awarded. Isolating Jn or squaring both sides
" | leading to a value for n. Condone n = 7.9424
Alcso: 64 with correct working
(i) B1l: | Suitable comment

INA
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< QUESTION

ALT
(b)(i)

k—14.9
X222 16449
0.2 M1 | 34
Jn
0.32898
k=14.9+ Al | L1b
Jn
"14.9+ O'?j§98"—15 Mid | 34
n > -2.3263 '
0.2 Alft | 1.1b
Jn
079928 <01 Jn>7.9424 oe Mid | 11b
Jn
n=64 Alcso 2.1
(6)

INZ)
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MARK SCHEME - Option 3B: Further Statistics 1 - June2022 - Q7 8.1 Type | and Type Il Errors < QUESTION

Question Scheme Marks Aos

7(a) X ~N(1000,90)  (May be implied by correct prob or z value seen) | M1 | 3.3

P(X >1020) =0.0175... orz = 2.108 Al | 34
0.0175... <0.025 or z=2.108... > 1.96 therefore reject Ho. M1 1.1b
There is evidence that the mean weight of the flour in a bag is not Al
) - - 4 2.2b
1000 g or evidence of a change in mean weight of flour in a bag Cso
(4)
(b) - 900 c-1000
Jn
49.347
c=1000+ Al 1.1b
Jn
)
(©) " 49.347,,
1000+ Jn —-1020 M1 34
=-2.5758
30 Alft | 1.1b
Vi
126.621 49.34... -77.274
=20 or = Allow 2sf accurac
7 or T ( y) dM1 | 1.1b
n= 40 Al 2.1
c =1007.8... awrt 1010 Al 1.1b
()
(11 marks)
Notes:
(@) | 1%tM1 | Setting up the correct model. Normal with £ =1000,0° =90 or o = /90 or awrt 9.49
1AL Using the model to find the correct z value or P()T > 1020) =awrt 0.0175
Allow CR C ... 1018.59.. awrt 1019 [ > is OK] Ignore lower CR provided < 1000
, Correct comparison or non-contextual conclusion. Allow comparison of 1020 with
2"M1 critical region. Dep on P(Y > 1020) MO if there are contradictory statements.
ondpq | €SO dep on M1A1ML1 for a correct conclusion in context with underlined words
Do NOT accept “mean weight has increased”
For Finding the CR using the Normal distribution. Condone o= /2 to score M1
(b) | M1 c-1000 =2 where |z|>15 Allow any ingquality or =for M1in (b) and
'o’y M1 Alft M1 in (c)
n
Al A correct equation in the form ¢ =... and for use of awrt 1.6449
(implied by awrt 49.3[4]) Condone X used for ¢ (0.e.)
© | 1tM1 Standardising using their c (letter or expression) and equating to z ( |z| > 2) to form
an equation innor nand c. Can ft their o used in (b) for M1AL1ft here
1S'A1Lft | Ft their “c” for a correct equation with —2.58 (or 1.64 or 1.65 used in (b))
gy | Dependent 15t M1. Isolating or eliminating either Jn orn or eliminating ¢ leading
to an equation fornorc
2"d A1 | For 40 (allow 41) Must be an integer. With correct working. \ e.g. Check correct o
39 A1 | For awrt 1010 from correct working ' has been used
S
INA
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MARK SCHEME - Option 3B: Further Statistics 1 - June2019 - Q5 8.1 Type | and Type Il Errors < QUESTION

Qu Scheme Marks | AO
5@ | H,:A1=25 (oru=75 H,:1#25 (or u#7.5) B1 2.5
[X = no. of accidents in a 3-month period] X ~Po(7.5) M1 3.3
P(X < 2)=0.0203 (calc: 0.020256...) {or P(X <3)=0.0591}
P(X <13)=0.9784 s0 P(X > 14) =0.0216 (calc: 0.0215646...) M1 34
{or P(X >15) =0.0103}
Giving Critical region of: X < 2 Al 1.1b
X >14 Al 1.1b
(5)
(b) | [0.0203 +0.0216] =awrt 0.0419  or (calc: 0.041821366... awrt 0.0418) | B1ft 1.2
1)
(c) | [Let M = no of 3-month periods with a significant result]
M ~ B(8, “0.0419”) M1 3.3
[PM >2)] =1-P(M <1) M1 1.1b
[1-0.9584...]
=0.04153...(calc: 0.041394...) [0.04139~0.04154] | Alcso | 1.1b
®)
(d) Y ~Po(6.3) M1 3.3
P(Type Il error) =P(3 < Y < 13) or P(Y < 13)-P(Y £2) M1 3.4
[=0.9945147... — 0.049846... ]
=0.9446... awrt 0.945 Al 1.1b
@)
(12 marks)
Notes

(@ | B1 for both hypotheses in terms of A or x (either way around)
1M1 for selecting the correct Po model. Sight or use of Po(7.5) may be implied by 2" M1
2"4 M1 for using the correct model to find one of these probs with correct label (2sf or better)

1%' A1 for one end correct Allow any letter, even CR < 2 or set notation but not P(X< 2)
2" A1 for a fully correct CR | Can have X <3and X > 13 etc

(b) | B1ft for awrt 0.0419 or awrt 0.0418
or ft addition of their two probs provided both are 0 < prob < 0.025 (awrt 3sf)

(c) | 18t M1 for selecting a correct binomial model, ft their answer to part (b)
24 M1 for a correct probability statement of 1 —P(M < 1) dep on a binomial selected
Alcso for answer in range [0.04139, 0.04154] dep on use of B(8, “0.0419”) or better

(d) | 18* M1 for selecting a Po(6.3) model

2"4 M1 for a correct probability statement using their Poisson model and their CR in (a) which
may have just one tail.

Al for awrt 0.945
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< QUESTION

MARK SCHEME - Option 3B: Further Statistics 1 - October2020 - Q1 8.1 Type | and Type Il Errors
Question Scheme Marks AOs
1(@)(i) | X~Po (24) Bl 3.4
P(X=26)=10.071912... awrt 0.0719 B1 1.1b
)
(i) P(X>21)=1-P(X<20)[=1-0.24263...] M1 3.4
=0.75736... awrt 0.757 Al 1.1b
)
(b) Ho:a=2 [u=16]
Bl 2.5
H:a<2 [u<16]
P(Y <10] Y ~ Po(16)) =0.077396... awrt 0.0774 Bl 1.1b
Not significant / Do not reject H,/ 10 is not in the CR M1 1.1b
There is not sufficient evidence to suggest a decrease/change Al 2 9b
in the rate of customers entering Jeff’s supermarket. '
(4)
(c) Use of Po(8) to attempt critical region M1 2.1
Critical region is Y < 3/ H,, is not rejected when Y > 4 Al 1.1b
True distribution is W ~ Po(4) Bl 2.1
P(W>4W~Po(4)=1-PW< 3)[=1-0.43347...] M1 1.1b
=0.56652... awrt 0.567 Al 1.1b
Q)
(13 marks)
Notes
B1: For realising the distribution is Po(24) (May be seen or implied in part (ii))
@)(i) B1: awrt 0.0719
(i) M1: Writing or using 1 — P(X < 20)
Al: awrt 0.757
B1: Both hypotheses correct (must use zor 1)
B1: awrt 0.0774 Allow awrt 0.08 from a correct probability statement.
allow CR: X <9
() M1: Correct non-contextual conclusion (may be implied by correct contextual
conclusion). Allow a f.t. comparison of ‘their p* with 0.05
(Ignore any contradictory contextual comments for this mark)
Al: A fully correct solution drawing a correct inference in context with all
previous marks in (b) scored.
M1: Use of Po(8) to attempt critical region [P(Y < 3)=0.0423.. P(Y < 4)=0.0996..]
AL: Finding critical region for the test Y < 3 which must come from Po(8).
B1: Identifying the need to use Po(4) as the true distribution.
© Allow Po(4) seen or used for this mark.
M1: Writing or using P(W > “4’) or 1 — P(W < “3’) from Po(4). Allow f.t. on their
identified CR but must be using Po(4)
Al: awrt 0.567
Question Scheme Marks | AOs
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< QUESTION

Q Scheme Marks = AOs
7@)(0) | Hy4=7  H ;<7 B1 25
| X~Po(7) [P(x<2)=0.0296..., (X <3)=0.0817..., P(X<4)= 0.172... ] M1 3.4
(@i Critical region: X< 3 | Alft 1.1b
(a)(iii) awrt 0.0818 | B1ft 1.2
(4)
(b) Y ~Po(5) M1 3.3
P(Y>'4" | 1=5) M1 3.4
P(Y24|1=5)=0735 awrt0.735 | Al 1.1b
®)
(c) Geometric B1 3.3
1)
(d) | T~Geo(e ) M1 2.1
P(T< n)=1-(l—-eHn Alcso* | 1.1b
)
®© (1-e27)n< 02 Bl | 34
nlog(l —e_2'75) < log 0.2 M1 2.1
n> log( llof 2‘_22‘75) ~ awrt 24.4 Al 1.1b
n=25 Al 1.1b
(4)
(14 marks)
Notes:
(@)@ | B1: Both hypotheses correct in terms of A (do not accept . or x). May be seen in (a)(ii)/(iii)
(a)(ii) | M1: Sight or use of X ~Po(7) [may be implied by a correct probability to 2 s.f. in (a)]
Alft: Correct CR clearly stated (A0 if given only as a probability)
[ft their hypotheses from (a)(i), 2-tailed CR is X €2, X > 13]
(a)(iii) | B1ft: awrt 0.0818, ft the probability associated with their CR
(b) | M1: Sight or use of Y ~Po(5), condone lambda = 5 as a probability statement
[implied by a correct probability e.g. 0.124..., 0.265..., 0.0404..., 0.0734...]
M1: Attempt to find P(Y >4 ) with ¥ ~Po(5) (ft from their CR)
Al: awrt 0.735 (correct answer implies full marks)
(c) B1: Stating Geometric or Geo (parameter not required, ignore parameter if given)
(d) | ML Sight of 7~ Geo( ¢=#) or P(zero glitches) = ¢—4  [condone P(T =0) = ¢-4]
Alcso*: | P(T<n) o0.e. or statingthat Power =1—P(Type Il error)
leadingto 1— ( 1—e~#4) " [working must be fully correct with no errors]
(e) B1: ( 1- e—2-75) "< 0.2 (condone use of = or < instead of <)
M1: Correct process to reach a linear equation involving logs. May be implied by awrt 24.4
or awrt 3.38
Al: Solves equation to obtain awrt 24.4
Al: (n=)25(n>25is A0)
Award full marks for 25 if not from clearly incorrect working




