8823 —7203M /® Diploma Programme
Programme du diplome
' Programa del Diploma

Markscheme

November 2023

Mathematics:
applications and interpretation

Higher level

Paper 3

13 pages




-2- 8823 -7203M

© International Baccalaureate Organization 2023

All rights reserved. No part of this product may be reproduced in any form or by any
electronic or mechanical means, including information storage and retrieval systems,
without the prior written permission from the IB. Additionally, the license tied with this
product prohibits use of any selected files or extracts from this product. Use by third
parties, including but not limited to publishers, private teachers, tutoring or study services,
preparatory schools, vendors operating curriculum mapping services or teacher resource
digital platforms and app developers, whether fee-covered or not, is prohibited and is a
criminal offense.

More information on how to request written permission in the form of a license can be
obtained from https://ibo.org/become-an-ib-school/ib-publishing/licensing/applying-for-a-
license/.

© Organisation du Baccalauréat International 2023

Tous droits réservés. Aucune partie de ce produit ne peut étre reproduite sous quelque
forme ni par quelque moyen que ce soit, électronique ou mécanique, y compris des
systemes de stockage et de récupération d’informations, sans l'autorisation écrite
préalable de I'IB. De plus, la licence associée a ce produit interdit toute utilisation de tout
fichier ou extrait sélectionné dans ce produit. L’utilisation par des tiers, y compris, sans
toutefois s’y limiter, des éditeurs, des professeurs particuliers, des services de tutorat ou
d’aide aux études, des établissements de préparation a I'enseignement supérieur, des
fournisseurs de services de planification des programmes d’études, des gestionnaires de
plateformes pédagogiques en ligne, et des développeurs d’applications, moyennant
paiement ou non, est interdite et constitue une infraction pénale.

Pour plus d’informations sur la procédure a suivre pour obtenir une autorisation écrite
sous la forme d’une licence, rendez-vous a I'adresse https://ibo.org/become-an-ib-school/
ib-publishing/licensing/applying-for-a-license/.

© Organizacion del Bachillerato Internacional, 2023

Todos los derechos reservados. No se podra reproducir ninguna parte de este producto
de ninguna forma ni por ningiin medio electrénico o mecanico, incluidos los sistemas de
almacenamiento y recuperacion de informacién, sin la previa autorizacion por escrito del
IB. Ademas, la licencia vinculada a este producto prohibe el uso de todo archivo o
fragmento seleccionado de este producto. El uso por parte de terceros —lo que incluye,
a titulo enunciativo, editoriales, profesores particulares, servicios de apoyo académico o
ayuda para el estudio, colegios preparatorios, desarrolladores de aplicaciones y
entidades que presten servicios de planificacién curricular u ofrezcan recursos para
docentes mediante plataformas digitales—, ya sea incluido en tasas o no, esta prohibido
y constituye un delito.

En este enlace encontrara mas informacion sobre cémo solicitar una autorizacién por
escrito en forma de licencia: https://ibo.org/become-an-ib-school/ib-publishing/licensing/
applying-for-a-license/.



-3- 8823 -7203M

Instructions to Examiners

Abbreviations

M

A

R

AG

FT

Marks awarded for attempting to use a correct Method.

Marks awarded for an Answer or for Accuracy; often dependent on preceding M marks.
Marks awarded for clear Reasoning.

Answer given in the question and so no marks are awarded.

Follow through. The practice of awarding marks, despite candidate errors in previous parts, for their
correct methods/answers using incorrect results.

Using the markscheme

1

General

Award marks using the annotations as noted in the markscheme eg M1, A2.

Method and Answer/Accuracy marks

Do not automatically award full marks for a correct answer; all working must be checked, and
marks awarded according to the markscheme.

It is generally not possible to award MO followed by A1, as A mark(s) depend on the preceding M
mark(s), if any.

Where M and A marks are noted on the same line, e.g. M1A1, this usually means M1 for an
attempt to use an appropriate method (e.g. substitution into a formula) and A1 for using the
correct values.

Where there are two or more A marks on the same line, they may be awarded independently; so
if the first value is incorrect, but the next two are correct, award AOA1A1. If A1 marks are on
separate lines, they are assumed to be dependent and hence AOA1 is unlikely to be awarded.
However, where such marks are independent (e.g. the markscheme is presenting them in
sequence, but in the solution one does not lead directly to the other) this should be communicated
via a note, and hence AOA1 (for example) can be awarded.

Where the markscheme specifies A3, M2 etc., do not split the marks, unless there is a note.

The response to a “show that” question does not need to restate the AG line, unless a Note
makes this explicit in the markscheme.

Once a correct answer to a question or part question is seen, ignore further working even if this
working is incorrect and/or suggests a misunderstanding of the question. This will encourage a
uniform approach to marking, with less examiner discretion. Although some candidates may be
advantaged for that specific question item, it is likely that these candidates will lose marks elsewhere
too.

An exception to the previous rule is when an incorrect answer from further working is used in a
subsequent part. For example, when a correct exact value is followed by an incorrect decimal
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approximation in the first part and this approximation is then used in the second part. In this
situation, award FT marks as appropriate but do not award the final Al in the first part. Examples:

Correct Further Any FT issues? Acti
; ction
answer seen | working seen
5.65685... No. Award A1 for the final mark
82 (incorrect Last part in question. | (condone the incorrect further
decimal value) working)

35 0.468111... Yes. Award AO for the final mark

— (incorrect Value is wused in (and full FT is available in

72 decimal value) subsequent parts. subsequent parts)

Implied marks

Implied marks appear in brackets e.g. (M1),and can only be awarded if correct work is seen or
implied by subsequent working/answer.

Follow through marks (only applied after an error is made)

Follow through (FT) marks are awarded where an incorrect answer from one part of a question is
used correctly in subsequent part(s) (e.g. incorrect value from part (a) used in part (d) or incorrect
value from part (c)(i) used in part (c)(ii)). Usually, to award FT marks, there must be working
present and not just a final answer based on an incorrect answer to a previous part. However, if all
the marks awarded in a subsequent part are for the answer or are implied, then FT marks should be
awarded for their correct answer, even when working is not present.

For example: following an incorrect answer to part (a) that is used in subsequent parts, where the
markscheme for the subsequent part is (M1)A1, it is possible to award full marks for their correct
answer, without working being seen. For longer questions where all but the answer marks are
implied this rule applies but may be overwritten by a Note in the Markscheme.

e Within a question part, once an error is made, no further A marks can be awarded for work which
uses the error, but M marks may be awarded if appropriate.

¢ If the question becomes much simpler because of an error then use discretion to award fewer
FT marks, by reflecting on what each mark is for and how that maps to the simplified version

e Ifthe error leads to an inappropriate value (e.g. probability greater than 1, sin€# =1.5, non-integer
value where integer required), do not award the mark(s) for the final answer(s).

e The markscheme may use the word “their” in a description, to indicate that candidates may be
using an incorrect value.

e If the candidate’s answer to the initial question clearly contradicts information given in the
guestion, it is not appropriate to award any FT marks in the subsequent parts. This includes when
candidates fail to complete a “show that” question correctly, and then in subsequent parts use
their incorrect answer rather than the given value.

e Exceptions to these FT rules will be explicitly noted on the markscheme.

¢ If a candidate makes an error in one part but gets the correct answer(s) to subsequent part(s),
award marks as appropriate, unless the command term was “Hence”.
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Mis-read

If a candidate incorrectly copies values or information from the question, this is a mis-read (MR). A
candidate should be penalized only once for a particular misread. Use the MR stamp to indicate that
this has been a misread and do not award the first mark, even if this is an M mark, but award all
others as appropriate.

e If the question becomes much simpler because of the MR, then use discretion to award
fewer marks.

e |f the MR leads to an inappropriate value (e.g. probability greater than 1, Sin@=1.5, non-integer
value where integer required), do not award the mark(s) for the final answer(s).

¢ Miscopying of candidates’ own work does not constitute a misread, it is an error.

¢ If a candidate uses a correct answer, to a “show that” question, to a higher degree of accuracy
than given in the question, this is NOT a misread and full marks may be scored in the subsequent
part.

¢ MR can only be applied when work is seen. For calculator questions with no working and incorrect
answers, examiners should not infer that values were read incorrectly.

Alternative methods

Candidates will sometimes use methods other than those in the markscheme. Unless the question
specifies a method, other correct methods should be marked in line with the markscheme. If the
command term is ‘Hence’ and not ‘Hence or otherwise’ then alternative methods are not permitted
unless covered by a note in the mark scheme.

e Alternative methods for complete questions are indicated by METHOD 1,
METHOD 2, etc.
¢ Alternative solutions for parts of questions are indicated by EITHER . . . OR.

Alternative forms

Unless the question specifies otherwise, accept equivalent forms.

e As this is an international examination, accept all alternative forms of notation for example 1.9
and 1,9 or 1000 and 1,000 and 1.000.

¢ Do not accept final answers written using calculator notation. However, M marks and intermediate
A marks can be scored, when presented using calculator notation, provided the evidence clearly
reflects the demand of the mark.

e In the markscheme, equivalent numerical and algebraic forms will generally be written in
brackets immediately following the answer.

e In the markscheme, some equivalent answers will generally appear in brackets. Not all
equivalent notations/answers/methods will be presented in the markscheme and examiners are
asked to apply appropriate discretion to judge if the candidate work is equivalent.
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Format and accuracy of answers

Final answers will generally not need to restate the variable and/or units to be considered correct.
To help examiners, the markscheme will include variables and units, where appropriate. However,
their omission from a candidate’s final answer should only be penalized if explicitly instructed in a
markscheme note.

If the level of accuracy is specified in the question, a mark will be linked to giving the answer to the
required accuracy. If the level of accuracy is not stated in the question, , the general rule applies to
final answers: unless otherwise stated in the question all numerical answers must be given exactly
or correct to three significant figures.

Where values are used in subsequent parts, the markscheme will generally use the exact value,
however candidates may also use the correct answer to a “correct” level of accuracy (e.g 3 sf) in
subsequent parts. The markscheme will often explicitly include the subsequent values that come
“from the use of 3 sf values”.

Simplification of final answers: Candidates are advised to give final answers using good
mathematical form. In general, for an A mark to be awarded, arithmetic should be completed, and

any values that lead to integers should be simplified; for example, ,/? should be written as g :

An exception to this is simplifying fractions, where lowest form is not required (although the

| : 10 o
numerator and the denominator must be integers); for example, Xmay be left in this form or

, 5 10 ) A .. .
written as E . However, g should be written as 2, as it simplifies to an integer.

Algebraic expressions should be simplified by completing any operations such as addition and
multiplication, e.g. 4e** xe* should be simplified to 4e>*, and 4e** xe* —e* xe* should be
simplified to 3e®*. Unless specified in the question, expressions do not need to be factorized, nor
do factorized expressions need to be expanded, so x(x+1) and x* + X are both acceptable.

Please note: intermediate A marks do NOT need to be simplified.
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Calculators

A GDC is required for this paper, but If you see work that suggests a candidate has used any
calculator not approved for IB DP examinations (eg CAS enabled devices), please follow the
procedures for malpractice.

Presentation of candidate work

Crossed out work: If a candidate has drawn a line through work on their examination script, or in
some other way crossed out their work, do not award any marks for that work unless an explicit
note from the candidate indicates that they would like the work to be marked.

More than one solution: Where a candidate offers two or more different answers to the same
guestion, an examiner should only mark the first response unless the candidate indicates
otherwise. If the layout of the responses makes it difficult to judge, examiners should apply
appropriate discretion to judge which is “first”.
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. dv ds dv
a i — = x— Al
@ 0 s
ds
vV=—
( OIt)
av = v% AG
dt ds
[1 mark]
. dv
i V— =
(ii) il
attempt to separate variables M1
_fv dv= I gds
V2
—=0s (+c¢) Al
2
using initial conditions (can be done at any point) M1
50=c
S0 V=,/2gs+100 Al
Note: Marks are intentionally unimplied to ensure on-syllabus techniques are used.
[4 marks]
(i) EITHER
attempt to use their part (a)(ii) to find a value of s when v=330 (M1)
330=,/2gs+100
therefore s=5551.02... Al
(5551.02 < 40000)
so (the model does predict) he will reach the speed of sound Al
OR
attempt to use their part (a)(ii) to find a value of v when s =40000 (M1)
v =/2g(40000) +100
=885 (885.49...) Al

(885 > 330)

so (the model does predict) he will reach the speed of sound (before s=40000) Al

Note: For the OR method, accept any large s that leads to v=330.
FT from /2gs gives 885 (885.437...) for vand 5560 (5556.12...) for s
FT from their v or their s for the final A1, provided M1 is awarded

[3 marks]
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(b) () v=gt (+c) OR gradientis a constant (M1)
so the graph should be a straight line Al
[2 marks]

(i)  the graph is not a straight line / only (approx.) straight for small t, so the model does
not appear to be valid R1

Note: Award R1 for recognising that the graph is non-linear AND stating that the
model does not appear to be valid

[1 mark]
© @ v&ogoks
ds
separating variables (M1)
v
Ig—kvz dv=jds
—i4mg—w6=scm)OR —i4qg—w1:suq (A1)
2k 2k
rearranging to make v the subject (M1)
Note: Award (M1) for making v the subject of their equation and not just an attempt, or
an erroneous equation with v also on the RHS.
g—kv? = Ae?¢
—2ks
V::/EL:fﬁi__
k
applying initial conditions (here or elsewhere) (M1)
100=9-4
k
A= g —100k
o)
—2ks
Vz\/g—(g —100k)e Al
k
[5 marks]
(ii) 9.672 =9.8—-1600k AlAl

Note: Award Al for correct left-hand side and A1l for correct right-hand side.

(_ 9:8-9672
1600

k=8x10" AG
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Note: Award A1AO for k =8x10° substituted into the right-hand side of the
expression, leading to 9.672.

[2 marks]
(i) s—w,e? 50 OR %:o OR graphitable (M1)
(Vo = \/% =)350 (ms™?) Al
[2 marks]
(iv) upper limit occurs when s =40000 (M1)
Note: The M1 can be implied by 40000 substituted into their part (c)(i).
349.7 (ms™) Al
Note: Answer must be to 4 sf.
[2 marks]
(d) s,,=s,+4000 (A1)
14
vy, =V, +4000x| — >98O g, 105y, (M1)(A1)
v, (6.41x10° —s.)
Note: Award (M1) for attempt to use Euler method formula AND dividing through by
V.
if v, =10, then vy, = 361 (360.658...) Al
[4 marks]
(e) () Use asmaller step length R1
OR
Use a better method such as Runge-Kutta R1
OR
(Try to) solve the equation exactly R1
[1 mark]
(i)  Any reasonable response: R1
For example:
Ignoring parachute / end point of motion / only valid for certain domain.
Treating Felix as a point object.
Ignoring weather / wind / air currents.
Assuming path is directly downwards.
Assuming perfect measurement of initial speed.
[1 mark]

[Total: 28 marks]
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(@ ()
/
1 P
approximately correct shape (decreasing and convex) Al
asymptotic behaviour to the | -axis labelled (e.g. arrow) /
equation of asymptote (p=0) seen Al
p -intercept labelled at p=1 and graph does not extend beyond Al

Note: Condone | and p being labelled as y and x.
Do not award second Al if y-intercept label is seen.

[3 marks]
(i) a _ 1 AlAl
dp p
. dl . , 1 dy
Note: Award Al for % or equivalent (e.g. I') and A1l for —E. Do not accept X for
X
the first A1 unless followed by _3 , which can earn A1AO0.
X
(for 0< p <1) we therefore have S—I <0 R1
P
hence the function is decreasing AG
[3 marks]
(i) Any plausible interpretation IN CONTEXT. R1
For example:
More information is gained from a rarer event.
Less information is gained from a more common event.
Information (gained) decreases as probability increases.
[1 mark]
. 5 1
b [ = (== Al
(b) () o &)
[1 mark]
(i)  attempt to substitute p =their (b)(i) into I =—Inp (M1)
=0.693 (0.693147...,— In(%)) Al

[2 marks]



(©)

(d)

(iii)

(i)

(ii)

(i)

(ii)

(iif)

- 12 —

=0.105 (0.105360...,—In (%j)

8823 -7203M

(A1)

Al

[2 marks]

attempt to substitute into the formula for E(I) and recognise that n=2 (or two terms

are needed)

E(I)=—iln(ij—gln[gj
10 \10/) 10 \10

0.325 (0.325082...)

E(I)=—%In£%j—%ln(%)

0.693 (0.693147...,In(2))
0.693>0.325

(1=)=In(1-p)
(E(1)=)-pInp—(1-p)In(1-p)

attempt to use graphical method or calculus to maximize E(I)

. 1
maximum occurs when p= >

M1
Al

AG
[2 marks]
Al

Al

AG
[2 marks]

Al
[1 mark]

Al
[1 mark]

M1

Al

[2 marks]
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(i)

(ii)

(iif)

(iv)
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6 1
( )12 ( 2)
EITHER
for the scales to balance, the odd ball must be in the six balls not chosen R1
OR

for the scales to balance, all the balls chosen must be of equal weight and hence
11 10 9 6
XX — XX — R1
12 11 10 7
[2 marks]

EITHER

recognition that the sum of the probabilities on the third row of the table equals 1  (M1)
e.g. x+2y=1

OR

for one side to be heavier, the odd ball must be one of six balls chosen

(%j and half the time this will result in left-side being heavier,

6 1

therefore y=—x= M1
TP (M1)

1

== Al

y 4
[2 marks]
z=—llnl—lln1—glng (M1)

6 6 6 6 3 3

=0.868 (0.867563...) Al
[2 marks]
4 balls on each side because that configuration has the largest E(l) R1

Note: Award R1 for giving a correct reason AND stating “4 balls on each side”

[1 mark]

[Total: 27 marks]
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Instructions to Examiners

Abbreviations

M

A

R

AG

FT

Marks awarded for attempting to use a correct Method.

Marks awarded for an Answer or for Accuracy; often dependent on preceding M marks.

Marks awarded for clear Reasoning.

Answer given in the question and so no marks are awarded.

Follow through. The practice of awarding marks, despite candidate errors in previous parts, for their
correct methods/answers using incorrect results.

Using the markscheme

1

General

Award marks using the annotations as noted in the markscheme eg M1, A2.

Method and Answer/Accuracy marks

Do not automatically award full marks for a correct answer; all working must be checked, and
marks awarded according to the markscheme.

It is generally not possible to award MO followed by A1, as A mark(s) depend on the preceding M
mark(s), if any.

Where M and A marks are noted on the same line, e.g. M1A1, this usually means M1 for an
attempt to use an appropriate method (e.g. substitution into a formula) and A7 for using the
correct values.

Where there are two or more A marks on the same line, they may be awarded independently; so
if the first value is incorrect, but the next two are correct, award AOA1A1.

Where the markscheme specifies A3, M2 etc., do not split the marks, unless there is a note.

The response to a “show that” question does not need to restate the AG line, unless a Note
makes this explicit in the markscheme.

Once a correct answer to a question or part question is seen, ignore further working even if this
working is incorrect and/or suggests a misunderstanding of the question. This will encourage a
uniform approach to marking, with less examiner discretion. Although some candidates may be
advantaged for that specific question item, it is likely that these candidates will lose marks elsewhere
too.

An exception to the previous rule is when an incorrect answer from further working is used in a
subsequent part. For example, when a correct exact value is followed by an incorrect decimal
approximation in the first part and this approximation is then used in the second part. In this
situation, award FT marks as appropriate but do not award the final A7 in the first part. Examples:
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Correct Further Any FT issues? Action
answer seen | working seen
5.65685... No. Award A1 for the final mark
82 (incorrect Last part in question. | (condone the incorrect further
decimal value) working)
35 0.468111... Yes. Award A0 for the final mark
— (incorrect Value is wused inl (and full FT is available in
72 decimal value) subsequent parts. subsequent parts)

Implied marks

Implied marks appear in brackets e.g. (M1),and can only be awarded if correct work is seen or
implied by subsequent working/answer.

Follow through marks (only applied after an error is made)

Follow through (FT) marks are awarded where an incorrect answer from one part of a question is
used correctly in subsequent part(s) (e.g. incorrect value from part (a) used in part (d) or incorrect
value from part (c)(i) used in part (c)(ii)). Usually, to award FT marks, there must be working
present and not just a final answer based on an incorrect answer to a previous part. However, if all
the marks awarded in a subsequent part are for the answer or are implied, then FT marks should be
awarded for their correct answer, even when working is not present.

For example: following an incorrect answer to part (a) that is used in subsequent parts, where the
markscheme for the subsequent part is (M1)A1, it is possible to award full marks for their correct
answer, without working being seen. For longer questions where all but the answer marks are
implied this rule applies but may be overwritten by a Note in the Markscheme.

e Within a question part, once an error is made, no further A marks can be awarded for work which
uses the error, but M marks may be awarded if appropriate.

o If the question becomes much simpler because of an error then use discretion to award fewer
FT marks, by reflecting on what each mark is for and how that maps to the simplified version.

¢ Ifthe error leads to an inappropriate value (e.g. probability greater than 1, sin@ =1.5, non-integer
value where integer required), do not award the mark(s) for the final answer(s).

e The markscheme may use the word “their” in a description, to indicate that candidates may be
using an incorrect value.

o If the candidate’'s answer to the initial question clearly contradicts information given in the
question, it is not appropriate to award any FT marks in the subsequent parts. This includes when
candidates fail to complete a “show that” question correctly, and then in subsequent parts use
their incorrect answer rather than the given value.

e Exceptions to these FT rules will be explicitly noted on the markscheme.

¢ |If a candidate makes an error in one part but gets the correct answer(s) to subsequent part(s),
award marks as appropriate, unless the command term was “Hence”.
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Mis-read

If a candidate incorrectly copies values or information from the question, this is a mis-read (MR). A
candidate should be penalized only once for a particular misread. Use the MR stamp to indicate that
this has been a misread and do not award the first mark, even if this is an M mark, but award all
others as appropriate.

o If the question becomes much simpler because of the MR, then use discretion to award
fewer marks.

¢ Ifthe MR leads to an inappropriate value (e.g. probability greater than 1, sin& =1.5, non-integer
value where integer required), do not award the mark(s) for the final answer(s).

¢ Miscopying of candidates’ own work does not constitute a misread, it is an error.

o If a candidate uses a correct answer, to a “show that” question, to a higher degree of accuracy
than given in the question, this is NOT a misread and full marks may be scored in the subsequent
part.

e MR can only be applied when work is seen. For calculator questions with no working and incorrect
answers, examiners should not infer that values were read incorrectly.

Alternative methods

Candidates will sometimes use methods other than those in the markscheme. Unless the question
specifies a method, other correct methods should be marked in line with the markscheme. If the
command term is ‘Hence’ and not ‘Hence or otherwise’ then alternative methods are not permitted
unless covered by a note in the mark scheme.

o Alternative methods for complete questions are indicated by METHOD 1,
METHOD 2, efc.
¢ Alternative solutions for parts of questions are indicated by EITHER . . . OR.

Alternative forms

Unless the question specifies otherwise, accept equivalent forms.

e As this is an international examination, accept all alternative forms of notation for example 1.9
and 1,9 or 1000 and 1,000 and 1.000.

¢ Do not accept final answers written using calculator notation. However, M marks and intermediate
A marks can be scored, when presented using calculator notation, provided the evidence clearly
reflects the demand of the mark.

e In the markscheme, equivalent numerical and algebraic forms will generally be written in
brackets immediately following the answer.

e In the markscheme, some equivalent answers will generally appear in brackets. Not all
equivalent notations/answers/methods will be presented in the markscheme and examiners are
asked to apply appropriate discretion to judge if the candidate work is equivalent.
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Format and accuracy of answers

If the level of accuracy is specified in the question, a mark will be linked to giving the answer to the
required accuracy. If the level of accuracy is not stated in the question, the general rule applies to
final answers: unless otherwise stated in the question all numerical answers must be given exactly
or correct to three significant figures.

Where values are used in subsequent parts, the markscheme will generally use the exact value,
however candidates may also use the correct answer to a “correct” level of accuracy (e.g 3 sf) in
subsequent parts. The markscheme will often explicitly include the subsequent values that come
“from the use of 3 sf values”.

Simplification of final answers: Candidates are advised to give final answers using good
mathematical form. In general, for an A mark to be awarded, arithmetic should be completed, and

any values that lead to integers should be simplified; for example, , /% should be written as % .

An exception to this is simplifying fractions, where lowest form is not required (although the

10
numerator and the denominator must be integers); for example, T may be left in this form or

1
written as % However, ?O should be written as 2, as it simplifies to an integer.

Algebraic expressions should be simplified by completing any operations such as addition and
multiplication, e.g. 4e”* xe’* should be simplified to 4e’*, and 4e** xe’* —e* xe* should be
simplified to 3¢™*. Unless specified in the question, expressions do not need to be factorized, nor
do factorized expressions need to be expanded, so x(x+1) and x” +x are both acceptable.

Please note: intermediate A marks do NOT need to be simplified.
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Calculators

A GDC is required for this paper, but If you see work that suggests a candidate has used any
calculator not approved for IB DP examinations (eg CAS enabled devices), please follow the
procedures for malpractice.

Presentation of candidate work

Crossed out work: If a candidate has drawn a line through work on their examination script, or in
some other way crossed out their work, do not award any marks for that work unless an explicit
note from the candidate indicates that they would like the work to be marked.

More than one solution: Where a candidate offers two or more different answers to the same
question, an examiner should only mark the first response unless the candidate indicates
otherwise. If the layout of the responses makes it difficult to judge, examiners should apply
appropriate discretion to judge which is “first”.
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(a)

s He—
N~
~ -
0.4km ~ T~
~ - _
~ -~ P
iM == N
A~ \
~ \
\
~ \
0.8km ~ \
~
~ \
~
A
\ 4 p 5 s
4km
METHOD 1
MﬁS:(tan‘lézj 73.3007... OR 1.27933... (A1)
use of trigonometry to find HA or AS (M1)
HA:L AND AS:O;gA (A1)
cos MHS cos MHS
(HA =1.39204... and AS=2.78408...)
use of time = diglarpe for either of their distances (M1)
speed
time taken = E+£
15 5

0.649618... (hours) (A1)
(38.97712... minutes)
therefore 39 (mins) A1TFT

Note: Allow FT, within the question part, from their time in hours for the final A7.
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METHOD 2
EITHER
use of similar triangles to identify either length MA or AN (M1)
5)
3 3
attempt to use Pythagoras for either triangle AMH or ANS (M1)
2 2
AH? =0.47 +(§j AND AS*=0.8’ +(§j (A1)
OR
attempt to use Pythagoras for larger triangle (M1)
SH*=4* +1.2°
AH =§\/42 +1.2> AND AS= 5\/42 +1.27 (M1)(A1)
THEN
(HA =1.39204... and AS=2.78408...)
use of time = SIS (1 sither of THEIR distances (M1)
speed
time taken = [£+£j
15 5
0.649618... (hours) (A1)
(38.97712... minutes)
therefore 39 (mins) A1FT

Note: Allow FT, within the question part, from their time in hours for the final A1.

[6 marks]
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(b) () PH?>=04" +x*> AND PS*=0.8"+(4-x)’

Note: This A7 can be implied by a clear expression for the time in each region
coming from distance / speed below.

<P PS
15 5

Vo4 +x* 08 +(4-x)’

T =""73 5

V0.4 + x> +3,/0.87 + (4—x)

Tx)= 15

(ii)

0 4 x

correct shape with minimum point nearer x =4 than x=0
correct (approximate) y-intercept, 0.843... (must be clearly below 1)

(iii)  using the GDC, at the minimum x =3.72 (3.71898...)

Note: Do not accept coordinates of the minimum point.

(iv) finding their 7'(x) for their value of x
T(x)=0.418%46...
so time saved (=38.97712...—-25.1367...mins) = 14 (mins)

A1

(M1)

A1

AG
[3 marks]

A1
A1
[2 marks]

A1

[1 mark]

M1

A1
[2 marks]
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attempt at chain rule

, 1 x 3(4-x)
T'(x)=— -
(=173 V042 +x°  \J0.8 +(4—x)

Note: Award A1 for each correct term. Accept any equivalent form
i.e. condone fractions not simplified.

(ii)

setting their 7'(x) =0

Note: This requires more than just a statement that the derivative
equals zero — they must use their attempt at 7"(x).

(iif)

1 X 3(4-x)

— - =0
15042 +x°  J0.8+(4—x)

X y 3(4—x)
V0.16+x7  \J0.64+(4—x)

METHOD 1
cosH15M=; AND cosSPN = K¢

V0.16+ x* \0.64+ (4—x)?

substituting in the above equation and rearranging

cos HPM = 3¢cos SPN leading to M =3= [Ej
cosSPN 5

verifying the result

METHOD 2
X B 3(4—x)
V0.16+ x> \J0.64+(4—x)
attempt to rearrange into a quotient
X

(§:3zj V0.16 +

5 4-x
\0.64+(4—x)’

B cos HPM

~ cosSPN

verifying the result

m1

A1A1

[3 marks]

m1

AG

[1 mark]

A1

m1

AG

m1

A1

AG
[2 marks]
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(d) METHOD 1

H
0.4km
M |J N
|
|
0.6km :
|
|
U Z K w
0.2km |
< ‘l{ > S
4km

let MJ =y km and W and Z be the points on the new boundary directly

below N and J

attempt to find ZK in terms of MJ M1
(KW =0.5y)

ZK=(4 - 1.5y) km. A1
attempt to use the result from (c)(iii) at J M1
cosHIM y (4-1.5y) 15

— = + =— A1
cosZKJ [y?+0.4> J(4-15y)°+0.6° 5
Note: Accept cos NJK in place of cos ZKJ.
leading to J = 3@-1.59)
JP 4016 J(4=15y)* +0.36

valid method for solving this equation, eg drawing graphs of both sides

of the equation, using SOLVER, etc. (M1)
solutionis y =2.53 A1
METHOD 2

combining the field into one region with height 0.6 km M1
cos HPM = S

7036+ x°
cos SPN = 4-x A1
{J0.36+(4—-x)’
Note: Both expressions, or their ratio, are required for the A7 to be awarded.
therefore
%,/0.36 +(4-x)’ ; a1
(4—x)V0.36+x°
valid method for solving (M1)
attempting to find MJ in terms of x e.g. MJ :éx M1
so MJ=2.53 A1
[6 marks]

Total [26 marks]
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(@) (i) because the (population) standard deviation(s) are unknown

Note: Ignore any references to sample size.

(i) EITHER

he has no idea beforehand which way the difference would be

if there is a difference

OR

he is only interested that there is a difference (not the direction)

(b) (i) EITHER
Hot g = pig s Hyt e # g

OR
Hy: g, =0; Hy: py 70

A1

[1 mark]
A1
A1

[1 mark]
A1
A1

Note: Accept an equivalent statement in words, must include mean and reference to
“population mean” / “mean for all those taking the French exam” etc. for the first
A1 to be awarded. The terms “on average” and “generally” are also acceptable to
indicate populations. Do not accept an imprecise “the means are equal’.

Do not accept “There is (no) (significant) evidence of a difference between .,

and u. " for either hypothesis or "There is (no) significant difference between
marks in French and German”.

(i)  Generate a third column giving French mark — German mark or

German mark — French mark.

e.g.
French mark | German mark Difference
42 39 3
65 66 -1
82 71 11
p-value = 0.153.

(i)  The p-value gives the probability of seeing the observed difference

in means (or a larger difference) assuming Ho to be true.

Note: Do not accept “the probability that the data occurs by chance” or similar.

[1 mark]
(mM1)
A1
[2 marks]
A1

[1 mark]
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(iv) because 0.153 >0.05 R1

EITHER

there is not (significant evidence of) a difference between the

(population) means A1
OR

fail to reject H,, (accept “accept H,") A1

Note:

Do not award ROA1.

Remember to FT from part (b)(ii).

Do not award the final A7 if the null hypothesis in part (b)(i) is logically wrong (i.e.
if the null and the alternative have been reversed or are nonsense) but this can
be awarded if part (b)(i) is just poorly communicated.

[2 marks]

[1 mark]

[4 marks]

() (i) H,: p=0; H;: p>0 A1
Note: Condone H;: p<0.

(i)  p-value =0.00286 A2
0.00286 < 0.05 R1
he should conclude that the two sets of marks are (generally)
positively correlated A1

Note: Allow FT from any test for correlation.
Do not award ROA1.
The final R1A1 should follow through from their p-value.
Do not award the final A7 if the null hypothesis in part (c)(i) is wrong (i.e. if the null
and the alternative have been reversed or are nonsense), but this can be awarded if
part (c)(i) is just poorly communicated.
The final conclusion must be in context.
(d) (i) theregression line of German on French is
German =10.2393...4+0.737495...French (A1)
EITHER
substituting French = 58 into their regression line (M1)
OR
sketch showing regression line and x =58 (M1)
THEN
Paul’'s German mark =53 A1
Note: Accept an answer of 53.0 (53.0140...) or 52.9 as integer results

are not explicitly stated in the question.
Regression lines may be written in terms of y and x.

[3 marks]
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(i)  recognizing need to use line French on German

French =4.04116...+1.01122...German (A1)
putting French =71, Sue’s German mark = 66 A1
Note: Accept an answer of 66.2 (66.2158...) or 66.3 as integer results are not explicitly
stated in the question.
Although not required in the markscheme as presented, candidates may have
considered French =70.5 and French =71.5; this is valid and will lead to the
correct answer.
If the line German on French is used in part (d)(ii) the answer is 63; award AOAO.
[2 marks]
(e) () EITHER
the maximum value of 7 occurs when all pairs are concordant so max = +1
the minimum value of 7 occurs when all pairs are discordant so min =—1
A1
OR
when all concordant C—-D = n(n—_l) and when all discordant C—D = —n(n—_l)
A1
OR
when all concordant C = a1 , D=0 and when all discordant C =0, D = n(n=1)
A1
THEN
hence the range is [—1, +1] AG
Note: Accept an answer which is just basedon n=6.
[1 mark]
(i) (53-76)(41-70)>0 A1
Hence concordant AG

[1 mark]
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(i)  Evidence of a valid method, eg M1

P+:C,D,C,C,C

P2 C,D

Psl D

P4Z
PsZ
Ps .

) C,
) C’
,C

OoooOn

Note: At least one pair beyond (£, P,) needs to be compared to award M1.

any evidence (a statement or a list) that 15 pairs need to be considered

A1
C=9,D=6 A1
using their stated C and D values in given formula with n =6 M1
2(9-6) OR 9-6
6(6-1) 15
7=0.2 AG
[4 marks]

() () H,: There is no (underlying) association (or correlation) between the two sets of marks
H,: There is an (underlying) association (or correlation) between the two sets of marks

A1
Note: Do not accept independence in the hypotheses.
[1 mark]

(i) 7 does not lie in the critical region OR (.2<0.733 R1

EITHER

there is insufficient evidence to indicate that there is an association

between the two sets of marks A1

OR

fail to reject H,, (accept “accept H,") A1

Note: Do not award ROA1T.
In this question the final A7 mark can be awarded for “fail to reject H,” or “accept H,”

even if the hypotheses in (f)(i) are the wrong way round as the critical region is given.

[2 marks]
(9 no A1
because scaling the marks will not affect the concordances/ discordances R1
Note: Do not award A7TRO.
[2 marks]

Total [29 marks]




M23/5/MATHY/HP3/ENG/TZ1/XXIM ® Diploma Programme
Programme du dipléme
' Programa del Diploma

Markscheme

May 2023

Mathematics:
applications and interpretation

Higher level

Paper 3

15 pages




-2- M23/5/MATHY/HP3/ENG/TZ1/XX/M

© International Baccalaureate Organization 2023

All rights reserved. No part of this product may be reproduced in any form or by any
electronic or mechanical means, including information storage and retrieval systems,
without the prior written permission from the IB. Additionally, the license tied with this
product prohibits use of any selected files or extracts from this product. Use by third
parties, including but not limited to publishers, private teachers, tutoring or study services,
preparatory schools, vendors operating curriculum mapping services or teacher resource
digital platforms and app developers, whether fee-covered or not, is prohibited and is a
criminal offense.

More information on how to request written permission in the form of a license can be
obtained from https://ibo.org/become-an-ib-school/ib-publishing/licensing/applying-for-a-
license/.

© Organisation du Baccalauréat International 2023

Tous droits réservés. Aucune partie de ce produit ne peut étre reproduite sous quelque
forme ni par quelque moyen que ce soit, électronique ou mécanique, y compris des
systemes de stockage et de récupération d’informations, sans l'autorisation écrite
préalable de I'IB. De plus, la licence associée a ce produit interdit toute utilisation de tout
fichier ou extrait sélectionné dans ce produit. L’utilisation par des tiers, y compris, sans
toutefois s’y limiter, des éditeurs, des professeurs particuliers, des services de tutorat ou
d’aide aux études, des établissements de préparation a I'enseignement supérieur, des
fournisseurs de services de planification des programmes d’études, des gestionnaires de
plateformes pédagogiques en ligne, et des développeurs d’applications, moyennant
paiement ou non, est interdite et constitue une infraction pénale.

Pour plus d’informations sur la procédure a suivre pour obtenir une autorisation écrite
sous la forme d’une licence, rendez-vous a I'adresse https://ibo.org/become-an-ib-school/
ib-publishing/licensing/applying-for-a-license/.

© Organizacion del Bachillerato Internacional, 2023

Todos los derechos reservados. No se podra reproducir ninguna parte de este producto
de ninguna forma ni por ningiin medio electrénico o mecanico, incluidos los sistemas de
almacenamiento y recuperacion de informacién, sin la previa autorizacion por escrito del
IB. Ademas, la licencia vinculada a este producto prohibe el uso de todo archivo o
fragmento seleccionado de este producto. El uso por parte de terceros —lo que incluye,
a titulo enunciativo, editoriales, profesores particulares, servicios de apoyo académico o
ayuda para el estudio, colegios preparatorios, desarrolladores de aplicaciones y
entidades que presten servicios de planificacién curricular u ofrezcan recursos para
docentes mediante plataformas digitales—, ya sea incluido en tasas o no, esta prohibido
y constituye un delito.

En este enlace encontrara mas informacién sobre cémo solicitar una autorizacién por
escrito en forma de licencia: https://ibo.org/become-an-ib-school/ib-publishing/licensing/
applying-for-a-license/.



-3- M23/5/MATHY/HP3/ENG/TZ1/XX/M

Instructions to Examiners

Abbreviations

M

A

R

AG

FT

Marks awarded for attempting to use a correct Method.

Marks awarded for an Answer or for Accuracy; often dependent on preceding M marks.

Marks awarded for clear Reasoning.

Answer given in the question and so no marks are awarded.

Follow through. The practice of awarding marks, despite candidate errors in previous parts, for their
correct methods/answers using incorrect results.

Using the markscheme

1

General

Award marks using the annotations as noted in the markscheme eg M1, A2.

Method and Answer/Accuracy marks

Do not automatically award full marks for a correct answer; all working must be checked, and
marks awarded according to the markscheme.

It is generally not possible to award MO followed by A1, as A mark(s) depend on the preceding M
mark(s), if any.

Where M and A marks are noted on the same line, e.g. M1A1, this usually means M1 for an
attempt to use an appropriate method (e.g. substitution into a formula) and A7 for using the
correct values.

Where there are two or more A marks on the same line, they may be awarded independently; so
if the first value is incorrect, but the next two are correct, award AOA1A1.

Where the markscheme specifies A3, M2 etc., do not split the marks, unless there is a note.

The response to a “show that” question does not need to restate the AG line, unless a Note
makes this explicit in the markscheme.

Once a correct answer to a question or part question is seen, ignore further working even if this
working is incorrect and/or suggests a misunderstanding of the question. This will encourage a
uniform approach to marking, with less examiner discretion. Although some candidates may be
advantaged for that specific question item, it is likely that these candidates will lose marks elsewhere
too.

An exception to the previous rule is when an incorrect answer from further working is used in a
subsequent part. For example, when a correct exact value is followed by an incorrect decimal
approximation in the first part and this approximation is then used in the second part. In this
situation, award FT marks as appropriate but do not award the final A7 in the first part. Examples:
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Correct Further Any FT issues? Action
answer seen | working seen
5.65685... No. Award A1 for the final mark
82 (incorrect Last part in question. | (condone the incorrect further
decimal value) working)
35 0.468111... Yes. Award A0 for the final mark
— (incorrect Value is wused inl (and full FT is available in
72 decimal value) subsequent parts. subsequent parts)

Implied marks

Implied marks appear in brackets e.g. (M1),and can only be awarded if correct work is seen or
implied by subsequent working/answer.

Follow through marks (only applied after an error is made)

Follow through (FT) marks are awarded where an incorrect answer from one part of a question is
used correctly in subsequent part(s) (e.g. incorrect value from part (a) used in part (d) or incorrect
value from part (c)(i) used in part (c)(ii)). Usually, to award FT marks, there must be working
present and not just a final answer based on an incorrect answer to a previous part. However, if all
the marks awarded in a subsequent part are for the answer or are implied, then FT marks should be
awarded for their correct answer, even when working is not present.

For example: following an incorrect answer to part (a) that is used in subsequent parts, where the
markscheme for the subsequent part is (M1)A1, it is possible to award full marks for their correct
answer, without working being seen. For longer questions where all but the answer marks are
implied this rule applies but may be overwritten by a Note in the Markscheme.

e Within a question part, once an error is made, no further A marks can be awarded for work which
uses the error, but M marks may be awarded if appropriate.

o If the question becomes much simpler because of an error then use discretion to award fewer
FT marks, by reflecting on what each mark is for and how that maps to the simplified version.

¢ Ifthe error leads to an inappropriate value (e.g. probability greater than 1, sin@ =1.5, non-integer
value where integer required), do not award the mark(s) for the final answer(s).

e The markscheme may use the word “their” in a description, to indicate that candidates may be
using an incorrect value.

o If the candidate’'s answer to the initial question clearly contradicts information given in the
question, it is not appropriate to award any FT marks in the subsequent parts. This includes when
candidates fail to complete a “show that” question correctly, and then in subsequent parts use
their incorrect answer rather than the given value.

e Exceptions to these FT rules will be explicitly noted on the markscheme.

¢ |If a candidate makes an error in one part but gets the correct answer(s) to subsequent part(s),
award marks as appropriate, unless the command term was “Hence”.
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Mis-read

If a candidate incorrectly copies values or information from the question, this is a mis-read (MR). A
candidate should be penalized only once for a particular misread. Use the MR stamp to indicate that
this has been a misread and do not award the first mark, even if this is an M mark, but award all
others as appropriate.

o If the question becomes much simpler because of the MR, then use discretion to award
fewer marks.

¢ Ifthe MR leads to an inappropriate value (e.g. probability greater than 1, sin& =1.5, non-integer
value where integer required), do not award the mark(s) for the final answer(s).

¢ Miscopying of candidates’ own work does not constitute a misread, it is an error.

o If a candidate uses a correct answer, to a “show that” question, to a higher degree of accuracy
than given in the question, this is NOT a misread and full marks may be scored in the subsequent
part.

e MR can only be applied when work is seen. For calculator questions with no working and incorrect
answers, examiners should not infer that values were read incorrectly.

Alternative methods

Candidates will sometimes use methods other than those in the markscheme. Unless the question
specifies a method, other correct methods should be marked in line with the markscheme. If the
command term is ‘Hence’ and not ‘Hence or otherwise’ then alternative methods are not permitted
unless covered by a note in the mark scheme.

o Alternative methods for complete questions are indicated by METHOD 1,
METHOD 2, efc.
¢ Alternative solutions for parts of questions are indicated by EITHER . . . OR.

Alternative forms

Unless the question specifies otherwise, accept equivalent forms.

e As this is an international examination, accept all alternative forms of notation for example 1.9
and 1,9 or 1000 and 1,000 and 1.000.

¢ Do not accept final answers written using calculator notation. However, M marks and intermediate
A marks can be scored, when presented using calculator notation, provided the evidence clearly
reflects the demand of the mark.

e In the markscheme, equivalent numerical and algebraic forms will generally be written in
brackets immediately following the answer.

e In the markscheme, some equivalent answers will generally appear in brackets. Not all
equivalent notations/answers/methods will be presented in the markscheme and examiners are
asked to apply appropriate discretion to judge if the candidate work is equivalent.
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Format and accuracy of answers

If the level of accuracy is specified in the question, a mark will be linked to giving the answer to the
required accuracy. If the level of accuracy is not stated in the question, the general rule applies to
final answers: unless otherwise stated in the question all numerical answers must be given exactly
or correct to three significant figures.

Where values are used in subsequent parts, the markscheme will generally use the exact value,
however candidates may also use the correct answer to a “correct” level of accuracy (e.g 3 sf) in
subsequent parts. The markscheme will often explicitly include the subsequent values that come
“from the use of 3 sf values”.

Simplification of final answers: Candidates are advised to give final answers using good
mathematical form. In general, for an A mark to be awarded, arithmetic should be completed, and

any values that lead to integers should be simplified; for example, , /% should be written as % .

An exception to this is simplifying fractions, where lowest form is not required (although the

10
numerator and the denominator must be integers); for example, T may be left in this form or

1
written as % However, ?O should be written as 2, as it simplifies to an integer.

Algebraic expressions should be simplified by completing any operations such as addition and
multiplication, e.g. 4e”* xe’* should be simplified to 4e’*, and 4e** xe’* —e* xe* should be
simplified to 3¢™*. Unless specified in the question, expressions do not need to be factorized, nor
do factorized expressions need to be expanded, so x(x+1) and x” +x are both acceptable.

Please note: intermediate A marks do NOT need to be simplified.
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Calculators

A GDC is required for this paper, but If you see work that suggests a candidate has used any
calculator not approved for IB DP examinations (eg CAS enabled devices), please follow the
procedures for malpractice.

Presentation of candidate work

Crossed out work: If a candidate has drawn a line through work on their examination script, or in
some other way crossed out their work, do not award any marks for that work unless an explicit
note from the candidate indicates that they would like the work to be marked.

More than one solution: Where a candidate offers two or more different answers to the same
question, an examiner should only mark the first response unless the candidate indicates
otherwise. If the layout of the responses makes it difficult to judge, examiners should apply
appropriate discretion to judge which is “first”.
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(@) C=kd (M1)
0.80=0.5k OR 22% (A1)
d 0.5
k=1.6
d
C=1.6d OR C=——- A1
0.625
Note: For the final A1 do not accept C = %d or a correct equation which does not
have C as the subject.
[3 marks]
(b) d= 096 M1
1.6
Note: Award M1 for the substitution of C =0.96 into a correct equation,
award MO for substitution of d =0.6.
=0.6 AG
[1 mark]
(c) attempt at using Pythagoras M1
d’ =h>+Q2r) (A1)
rzzl(dz—hz) A1
4
[3 marks]
(d)y V=nr’Q2h) (A1)
T 2
V=—(d —h)2h M1
5 )2h)
Note: The M1 is for the substitution of their expression for 7> into their formula for V.
V="(dh-1) AG
2

[2 marks]
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; _ T2y 13
) (i) V—z(dh )

=§(0.62 x0.4-0.4")

Note: The M1 is for substituting correct values of both d and 4 in the
formula from part (d).

=0.126 (m°) (0.12566..., 2—“5 0.047:]

(i) V= g(o.wl ~1)

Note: Award M1 for substitution of d = 0.6. This may be seen anywhere.

d—V=5(0.36—3hz)=0
dh 2

Note: Award A1 for correct differentiation.

" =% (=0.12)

Note: Do not award the final A1 if the working is done with approximate values

orif 4/0.12 is substituted into c(li_:

h=+0.12

(iii)  substituting 2 =+/0.12 into equation for  OR use of graph
V= 3(0.36—0.12)\/0.12

0.131 (m*) (0.130593..., 0.04167)

(M1)

A1

M1

A1

A1

AG

(mM1)

A1

[2 marks]

[3 marks]

[2 marks]
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x-coordinate of S is 0.4 (A1)
let the y-coordinate be yg

attempt at Pythagoras (M1)
(y,+0.2)* =0.6" —0.4°
ys+0.2=~0.2

v, =0.247 (0.247213...) (A1)

Note:

The (M1) mark can be implied by a y-coordinate of 0.447 or 0.647 seen.

any valid method to find equation (M1)
e.g. quadratic regression, vertex form, simultaneous equations

Note:

Award only if the student has found three points on the curve.

EITHER
y=-0.295x+0.236 x+0.2 A2

(y=-0.295081...x* +0.236065...x +0.2 )

Note:

Award A1 if one coefficient (—0.295081... or 0.236065...) is correct or if “ y =" is missing,
A2 for completely correct equation.
Award A1 for y =—0.294x> +0.235x+0.2 obtained from using the 3 sf value of y;.

OR
3 =-0.295(x—0.4)> +0.247 A2

(y=-0.295081...(x—0.4)* +0.247213...)

Note: Award A7 for —0.295, A2 for completely correct equation.
[6 marks]
0.8 ) 2
(@) volume = njo (~0.295081...x" +0.236065...x +0.2) dx M1
Note: Award M1 for the minimum of an integral with the correct limits and their function squared.
=0.135 (0.135161...) A1
0.135>0.131 R1

Note:

Award R1 independently of the previous marks for a correct comparison of their (clearly
stated) volume with their answer to part (e)(iii).

Hence the volume is greater than any cylinder volume AG
[3 marks]
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(h) Award A1 for at least one reasonable answer, for example:

the barrel is full of wine when sold

the barrel/stick is constructed with zero thickness
the stick is straight and inflexible

the hole has no diameter

volume of wine is the only important factor in value
aesthetics are not important

Note: Do not accept statements that relate to the barrel having circular cross-section, for
example, ‘there are no deformities’, ‘it is perfectly smooth’ as these assumptions
have already been made with the chosen model.

[1 mark]

[Total 26 marks]
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~115
(@ PQ=| 115 | OR \/(215-100) +(~197 +82)* + 0 (M1)
0

Note: Accept working using “A and B” in place of “P and Q”.

J115% +115% +0°
=163 (km) (162.634..., /26450) A1
(b) speed of each aircraft = v/6407 + 640° + 0 (M1)
=905 (kmh™) (905.096..., +/819200) OR 251 ms™' (251.388...) A1
(c) time totravel 162.634... km is e (0.179687...) (M1)
905.096...
115 . : .\ ¥
Note: Accept % from a consideration of the component directions.
Accept use of the 3 significant figure answer from parts (a) and (b):
£=0.180110...
905
EITHER
(multiply by 60 to get) 10.8 (10.7812...) (minutes) or 10 minutes 48 seconds A1
(10.8 >10) hence not in conflict R1
Note: Award R1 for a correct comparison of their time, in minutes, with 10 minutes.
OR
(convert 10 minutes into hours) 0.167 (0.166666...) (hours) A1
(0.180>0.167 ) hence not in conflict R1
Note: Award R1 for a correct comparison of their time, in hours, with 0.167 hours.
100 -640
d) (r,=) 82 |+1| 640 A1
10.7 0

[2 marks]

[2 marks]

[3 marks]

[1 mark]
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(100 — 6401) — (—400 —140¢)
(e) (i) r,—r.=| (-82+640t)—(—41+6041) (M1)(A1)
10.7—(9.1+2¢)
500—500¢
=| —41+36¢
1.6—2t

Note: Award M1 for an attempt to subtract their r, and r. in either order, (A1) for a correct
expression, which does not need to be simplfiied and which may be seen in the line below.

| #, =1 | = 4/(500—500¢) + (~41+36£)* + (1.6 - 21)° (M1)

Note: Award (M1) for a correct attempt to find the modulus of their r, —r,..

this is equal to 10 km when ¢ =0.983 (0.983441...) and 1.02 (1.01799...)

A1A1
[5 marks]
(i) METHOD 1
consideration of the vertical component of their r, —r. from part (e)(i) M1
1.6-2¢
-03<1.6-2t<0.3 A1

Note: Award A1 for relating their expression to —0.3 and 0.3; accept an equality.

(0.65<) £ <0.95 A1

Note: Award A1 for 0.95 seen.

interval is outside of interval from part (e)(i) (the two conditions are
never broken at the same time) R1

Note: The R7 can only be awarded if there is a clear consideration of intervals.

hence regulations are not broken A1

Note: Do not award ROA1.
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METHOD 2

consideration of the vertical component of their r, —r. from part (e)(i) M1

1.6—2t

when ¢ =0.983441... the difference in heightis 1.6 —2x0.983441...

=(-) 0.366882... km A1

EITHER

as time increases the vertical displacement between the aircraft also increases
R2

OR

when ¢ =1.01799... the difference in heightis 1.6 —2x1.01799...

=(—-) 0.435970...(km) A1

because it is a linear function, the difference in height is also greater than 0.3 km

between these values of +. R1

Note: Accept an argument from a graph.

THEN
so regulations are not broken A1

Note: Do not award ROA1.

(f) circle A1
radius of 6.4 (km) A1
centred on R / (0, 0) A1

Note: A description that includes only one or two of the points above can be awarded
a further A1 for a further correct statement, for example: “the speed is

243.2 kmh™'” OR “it travels anticlockwise when viewed from above” OR
“it travels clockwise when viewed from below”.

[5 marks]

[3 marks]
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(g) (i) attempt at scalar product for the correct two vectors (M1)

Note: Award (M1) for a product and sum of components leading to a single
scalar expression.

RE « b=—1(20—2)+(10+ 1)
—_10+24 A1
[2 marks]

(i) -10+21=0 (M1)

Note: Award (M1) for setting their scalar product equal to 0, but only if their
scalar product is a single expression.

A=5 A1
[2 marks]

(i) METHOD 1

B ()

E| =+15+15"=21.2 (21.2132..., 15\/5, \450) (km) A1
METHOD 2
RE |=+/(20-4) +(10+ 1)’ (M1)
E| =212 (21.2132..,15v/2, J450) km A1
[2 marks]
(iv) consideration of at least two distances from (their) 21.2, 6.4 and 10 M1
EITHER
6.4+10=164<21.2 R1
OR
21.2-10=11.2>6.4 R1
OR
21.2-6.4=14.8>10 R1

Note: Accept equivalent reasoning in words.

THEN
hence they do not break regulations AG
[2 marks]

[Total 29 marks]
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Instructions to Examiners
Abbreviations

M  Marks awarded for attempting to use a correct Method.

A Marks awarded for an Answer or for Accuracy; often dependent on preceding M marks.

R  Marks awarded for clear Reasoning.

AG Answer given in the question and so no marks are awarded.

FT Follow through. The practice of awarding marks, despite candidate errors in previous parts, for
their correct methods/answers using incorrect results.

Using the markscheme

1 General

Award marks using the annotations as noted in the markscheme eg M1, A2.

2 Method and Answer/Accuracy marks

¢ Do not automatically award full marks for a correct answer; all working must be checked, and
marks awarded according to the markscheme.

e Itis generally not possible to award MO0 followed by A7, as A mark(s) depend on the preceding
M mark(s), if any.

e Where M and A marks are noted on the same line, e.g. M1A1, this usually means M1 for an
attempt to use an appropriate method (e.g. substitution into a formula) and A7 for using the
correct values.

e Where there are two or more A marks on the same line, they may be awarded independently;
so if the first value is incorrect, but the next two are correct, award AOA7A1T.

e Where the markscheme specifies A3, M2 efc., do not split the marks, unless there is a note.

¢ The response to a “show that” question does not need to restate the AG line, unless a Note
makes this explicit in the markscheme.

e Once a correct answer to a question or part question is seen, ignore further working even if this
working is incorrect and/or suggests a misunderstanding of the question. This will encourage a
uniform approach to marking, with less examiner discretion. Although some candidates may be
advantaged for that specific question item, it is likely that these candidates will lose marks
elsewhere too.

¢ An exception to the previous rule is when an incorrect answer from further working is used in a
subsequent part. For example, when a correct exact value is followed by an incorrect decimal
approximation in the first part and this approximation is then used in the second part. In this
situation, award FT marks as appropriate but do not award the final A7 in the first part. Examples:

Correct Further Any FT issues? .
. Action
answer seen | working seen
1. 5.65685... No. Award A1 for the final mark
82 (incorrect Last part in question. |  (condone the incorrect further
decimal value) working)
2 35 0.468111... Yes. Award A0 for the final mark
— (incorrect Value is used in (and full FT is available in
72 decimal value) subsequent parts. subsequent parts)




-4 - N22/5/MATHY/HP3/ENG/TZO0/XX/M

Implied marks

Implied marks appear in brackets e.g. (M1),and can only be awarded if correct work is seen or
implied by subsequent working/answer.

Follow through marks (only applied after an error is made)

Follow through (FT) marks are awarded where an incorrect answer from one part of a question is
used correctly in subsequent part(s) (e.g. incorrect value from part (a) used in part (d) or incorrect
value from part (c)(i) used in part (c)(ii)). Usually, to award FT marks, there must be working
present and not just a final answer based on an incorrect answer to a previous part. However, if all
the marks awarded in a subsequent part are for the answer or are implied, then FT marks should
be awarded for their correct answer, even when working is not present.

For example: following an incorrect answer to part (a) that is used in subsequent parts, where the
markscheme for the subsequent part is (M1)A1, it is possible to award full marks for their correct
answer, without working being seen. For longer questions where all but the answer marks are
implied this rule applies but may be overwritten by a Note in the Markscheme.

¢ Within a question part, once an error is made, no further A marks can be awarded for work
which uses the error, but M marks may be awarded if appropriate.

¢ If the question becomes much simpler because of an error then use discretion to award fewer
FT marks, by reflecting on what each mark is for and how that maps to the simplified version.

¢ |If the error leads to an inappropriate value (e.g. probability greater than 1, sin& =1.5, non-
integer value where integer required), do not award the mark(s) for the final answer(s).

e The markscheme may use the word “their” in a description, to indicate that candidates may be
using an incorrect value.

¢ If the candidate’s answer to the initial question clearly contradicts information given in the
question, it is not appropriate to award any FT marks in the subsequent parts. This includes
when candidates fail to complete a “show that” question correctly, and then in subsequent parts
use their incorrect answer rather than the given value.

e Exceptions to these FT rules will be explicitly noted on the markscheme.

¢ If a candidate makes an error in one part but gets the correct answer(s) to subsequent part(s),
award marks as appropriate, unless the command term was “Hence”.
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Mis-read

If a candidate incorrectly copies values or information from the question, this is a mis-read (MR). A
candidate should be penalized only once for a particular misread. Use the MR stamp to indicate
that this has been a misread and do not award the first mark, even if this is an M mark, but award
all others as appropriate.

If the question becomes much simpler because of the MR, then use discretion to award
fewer marks.

If the MR leads to an inappropriate value (e.g. probability greater than 1, sind =1.5, non-
integer value where integer required), do not award the mark(s) for the final answer(s).

Miscopying of candidates’ own work does not constitute a misread, it is an error.
If a candidate uses a correct answer, to a “show that” question, to a higher degree of accuracy
than given in the question, this is NOT a misread and full marks may be scored in the

subsequent part.

MR can only be applied when work is seen. For calculator questions with no working and
incorrect answers, examiners should not infer that values were read incorrectly.

Alternative methods

Candidates will sometimes use methods other than those in the markscheme. Unless the question
specifies a method, other correct methods should be marked in line with the markscheme. If the
command term is ‘Hence’ and not ‘Hence or otherwise’ then alternative methods are not permitted
unless covered by a note in the mark scheme.

Alternative methods for complete questions are indicated by METHOD 1,
METHOD 2, efc.

Alternative solutions for parts of questions are indicated by EITHER . . . OR.
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Alternative forms
Unless the question specifies otherwise, accept equivalent forms.

¢ As this is an international examination, accept all alternative forms of notation for example 1.9
and 1,9 or 1000 and 1,000 and 1.000.

¢ Do not accept final answers written using calculator notation. However, M marks and
intermediate A marks can be scored, when presented using calculator notation, provided the
evidence clearly reflects the demand of the mark.

¢ In the markscheme, equivalent numerical and algebraic forms will generally be written in
brackets immediately following the answer.

¢ |n the markscheme, some equivalent answers will generally appear in brackets. Not all
equivalent notations/answers/methods will be presented in the markscheme and examiners are
asked to apply appropriate discretion to judge if the candidate work is equivalent.

Format and accuracy of answers

If the level of accuracy is specified in the question, a mark will be linked to giving the answer to the
required accuracy. If the level of accuracy is not stated in the question, the general rule applies to
final answers: unless otherwise stated in the question all numerical answers must be given exactly
or correct to three significant figures.

Where values are used in subsequent parts, the markscheme will generally use the exact value,
however candidates may also use the correct answer in subsequent parts. The markscheme will
often explicitly include the subsequent values that come “from the use of 3 sf values”.

Simplification of final answers: Candidates are advised to give final answers using good
mathematical form. In general, for an A mark to be awarded, arithmetic should be completed, and

/2
any values that lead to integers should be simplified; for example, 75 should be written as %

An exception to this is simplifying fractions, where lowest form is not required (although the

10
numerator and the denominator must be integers); for example, . may be left in this form or

written as % However, ? should be written as 2, as it simplifies to an integer.

Algebraic expressions should be simplified by completing any operations such as addition and
multiplication, e.g. 4¢>* xe’* should be simplified to 4¢™, and 4e** xe™* —e** xe* should be
simplified to 3¢™. Unless specified in the question, expressions do not need to be factorized, nor
do factorized expressions need to be expanded, so x(x+1) and x* + x are both acceptable.

Please note: intermediate A marks do NOT need to be simplified.
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Calculators

A GDC is required for this paper, but If you see work that suggests a candidate has used any
calculator not approved for IB DP examinations (eg CAS enabled devices), please follow the
procedures for malpractice.

Presentation of candidate work

Crossed out work: If a candidate has drawn a line through work on their examination script, or in
some other way crossed out their work, do not award any marks for that work unless an explicit
note from the candidate indicates that they would like the work to be marked.

More than one solution: Where a candidate offers two or more different answers to the same
question, an examiner should only mark the first response unless the candidate indicates
otherwise. If the layout of the responses makes it difficult to judge, examiners should apply
appropriate discretion to judge which is “first”.
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12 (144
ay — |—,24 M1)A1
(a) s ( pos j (M1)
[2 marks]
0 > [2 06 A1
5 240
[1 mark]
: , 3
(¢) () wins ~ B(4, gj
P (wins =0)=0.0256 A1
Note: Allow FT from use of their probability in part (b) but only when used with n=4.
(i) expected frequency =60x0.0256 (M1)
=1.536 A1
[3 marks]
(d) (i) Ho: data follows a Binomial distribution with n =4 A1
(i) (df=4-1-1=)2 A1
(i)  p-value=0.954 (0.953872...) (M1)A1
(iv) 0.954>0.05 R1
insufficient evidence to reject Ho A1

Note: Condone “accept Ho". Follow through from their p-value in part (d)(iii) if the reasoning
is correct and correct conclusions are made. Do NOT award ROA1T.

[6 marks]
(e) wins ~B(4,%) OR 1-0.0256 (M1)
P(wins >1)=0.974 (0.9744) A1

[2 marks]
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(f) (i) there are 145 transitions that start with Argentina, (M1)
, . I by . 85
(of which 85 lead to Argentina winning,) so the probability is s A1
7 AG
29
17 31
29 47 0.586 0.660
iy |2 47||= A1A1
12 16 0.414 0.340
29 47

Note: Accept the transposed matrix as correct.

Award A1 for ;—; placed in a leading diagonal.

Award A1 for all other values correct and in correct position in the matrix.

[4 marks]
(g) (i)  write their matrix with 4 subtracted from the leading diagonal (M1)
equate determinant to zero (M1)
7, 3
det 29 47 | _ 0
216 _
29 47
1—7—/1 E—ﬂ, —Exﬂzo A1
29 47 29 47
correct intermediate step
13631> 12631 -100=0 AG
Note: Do not award A1 if there is no intermediate step leading from determinant to given answer.
X X
Solving T[ J: )L( j for xand y may be seen and is a valid alternative method.
y
Accept working in the form det(1/ -T)=0.

i) a=1, -2 0.0733675..) A1
1363
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(iii)  attempt to solve T[xj = l(xj (M1)
y y
564
Y7899
I 1
eigenvector for A =1 is = A1
9 264 ( (0.627B
899
1
eigenvector for A = _ 100 is A1
1363 -1

Note: Allow correct multiples of the eigenvectors.

1
If eigenvector (

j is stated without the second eigenvector, or any other working,

then award MOAOA1.

[7 marks]
(h) EITHER
! 1
solution found usin =
9|64 [ (0.627B
899
2 (M1)
899
x=0.614 | 0.614490..., S (A1)
1463
OR
solution can be found from high power of transition matrix
17 31)"
29 47 0.614 0.614
29 47| _ (M1)
12 16 0.386 0.386
29 47
Note: Accept the transposed matrix if consistent with their answer to part (f)(ii).
probability =0.614 | 0.614490 899 (A1)
y =0. . 1263
THEN
2
P (3 wins) =0.614x0.586 _89 (17 (M1)
1463 \ 29
=0.211 | 0.211162..., wj A1
42427
[4 marks]

[Total: 29 marks]
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attempt to separate variable M1
| Lac- [~k a

C
In| C|=—kt (+¢) A1
C=Ae™

substituting r =0, C=d
A=d A1

Note:

(b)

(c)

To award the A1, t =0 must be seen.

C=de™" AG
0.05d = de™* (A1)
15.0 (14.9786...) A1
EITHER

first dose: when ¢ =27 then C, =de "' A1
second dose: when =T then C, =de**’ A1
third dose: when =0 then C, =d A1
sum the three doses m1

[3 marks]

[2 marks]

Note:

A timing of the dose and the expression must be clearly indicted and correct to award A1.

Condone absence of d for A1A1A1.

R

c(:)onsidering values of C before and after a dose M1
immediately before the second dose, C =d e

immediately after the second dose, C =d e’ +d A1
immediately before the third dose, C =(de ™" +d)e "’ (A1)
immediately after the third dose, C =(de ™" +d)e™"*" +d A1
THEN

— C=d(1+e 404 AG

Note:

Do not accept any response using the general formula given before part (d).
Award M1A1A1AQ if d not included in the final formula.

[4 marks]



(d)

—-12 —

r=e*" and u, =d
correct substitution into geometric series formula

() asn—oow,e™™ >0 (sinceT>0)

(i) METHOD 1
limZ, =lim H, xe**’

n—>0 n—>0

METHOD 2

L, occurs immediately before the (n+1)" dose

l_e—O.ZnT \,
Ln = d( l_e—O.ZT ¢ L

asn—w, e 50 (since T>0)

d 0. d
L, :[I—G_O'ZTJe "' OR = 027 _|
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A1
A1

AG
[2 marks]

(M1)

A1

(M1)(AT)

A1

(mM1)

(A1)

A1

[5 marks]
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() () METHOD 1

defo.ZT
HOO_LOO_l_ 02T _ 02T M1
_a-02r
_ d(l eo2 ) A1
1-e
=d AG
METHOD 2
d d
Hoo _Loo = l_e—OAZT - eOAZT _1 M1
deO.ZT _d_d_"_defO.ZT
T 0T |0 4o 02T
0.2T -0.2T
= d(f):ZT +eOZT 2) A1
e +e T =2
=d AG
Note:Award M1AO0 for the use of their formulae from part (e).
Award MOAO if at no point n — o in their response.
(i) EITHER
d
H, 1—e 02T
In (L—j =In W M1
" 1_67042T
=In(e"") A1
=0.2T A1
OR
He" =L, (M1)
In L. =-0.2T A1
H,
I -1
Inf = | =02T A1
H(XJ
THEN
5In [ﬂj =T AG
LOO

Note: Award M1AO0 for the use of their incorrect formulae from part (e).
Award MOAO if at no point n — o in their response.

[5 marks]
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(@99 () d=0.22 A1
(i) T71T=1770 A1
Note: Accept T'=7.7.
[2 marks]
(h) 0.06=022¢"*
6.49641...
roportion of time = — M1
Prop 7.702... (W)
84.3% A1
[2 marks]
() EITHER
rounding to 8 hours leads to 3 times a day R1
OR
7.7 hours is difficult to schedule R1
OR
a tolerance may be necessary to not be too close to unsafe boundary R1
OR
avoid giving too much of the drug and giving the patient an overdose R1

Note: Accept any reasonable argument that engages with the model in a practical sense.
Do not accept an answer based on part (h) along the lines “it should be given more often”.

[1 mark]
[Total: 26 mark]
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Instructions to Examiners
Abbreviations

M  Marks awarded for attempting to use a correct Method.

A Marks awarded for an Answer or for Accuracy; often dependent on preceding M marks.

R  Marks awarded for clear Reasoning.

AG Answer given in the question and so no marks are awarded.

FT Follow through. The practice of awarding marks, despite candidate errors in previous parts, for their
correct methods/answers using incorrect results.

Using the markscheme

1 General

Award marks using the annotations as noted in the markscheme eg M1, A2.

2 Method and Answer/Accuracy marks

¢ Do not automatically award full marks for a correct answer; all working must be checked, and
marks awarded according to the markscheme.

e lItis generally not possible to award MO0 followed by A7, as A mark(s) depend on the preceding
M mark(s), if any.

e Where M and A marks are noted on the same line, e.g. M1A1, this usually means M1 for an
attempt to use an appropriate method (e.g. substitution into a formula) and A7 for using the
correct values.

e Where there are two or more A marks on the same line, they may be awarded independently;
so if the first value is incorrect, but the next two are correct, award AOA7A1T.

e Where the markscheme specifies A3, M2 efc., do not split the marks, unless there is a note.

¢ The response to a “show that” question does not need to restate the AG line, unless a Note
makes this explicit in the markscheme.

e Once a correct answer to a question or part question is seen, ignore further working even if this
working is incorrect and/or suggests a misunderstanding of the question. This will encourage a
uniform approach to marking, with less examiner discretion. Although some candidates may be
advantaged for that specific question item, it is likely that these candidates will lose marks
elsewhere too.

¢ An exception to the previous rule is when an incorrect answer from further working is used in a
subsequent part. For example, when a correct exact value is followed by an incorrect decimal
approximation in the first part and this approximation is then used in the second part. In this
situation, award FT marks as appropriate but do not award the final A7 in the first part. Examples:

Correct Further Any FT issues? Action
answer seen | working seen
1. 5.65685... No. Award A1 for the final mark
gﬁ (incorrect Last part in question. (condone the incorrect further
decimal value) working)
2, 35 0.468111... Yes. Award A0 for the final mark
— (incorrect Value is wused inl (and full FT is available in
72 decimal value) subsequent parts. subsequent parts)
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Implied marks

Implied marks appear in brackets e.g. (M1),and can only be awarded if correct work is seen or
implied by subsequent working/answer.

Follow through marks (only applied after an error is made)

Follow through (FT) marks are awarded where an incorrect answer from one part of a question is
used correctly in subsequent part(s) (e.g. incorrect value from part (a) used in part (d) or incorrect
value from part (c)(i) used in part (c)(ii)). Usually, to award FT marks, there must be working
present and not just a final answer based on an incorrect answer to a previous part. However, if all
the marks awarded in a subsequent part are for the answer or are implied, then FT marks should be
awarded for their correct answer, even when working is not present.

For example: following an incorrect answer to part (a) that is used in subsequent parts, where the
markscheme for the subsequent part is (M1)A1, it is possible to award full marks for their correct
answer, without working being seen. For longer questions where all but the answer marks are
implied this rule applies but may be overwritten by a Note in the Markscheme.

¢ Within a question part, once an error is made, no further A marks can be awarded for work
which uses the error, but M marks may be awarded if appropriate.

¢ If the question becomes much simpler because of an error then use discretion to award fewer
FT marks, by reflecting on what each mark is for and how that maps to the simplified version.

e |If the error leads to an inappropriate value (e.g. probability greater than 1, sind =1.5, non-
integer value where integer required), do not award the mark(s) for the final answer(s).

e The markscheme may use the word “their” in a description, to indicate that candidates may be
using an incorrect value.

¢ If the candidate’s answer to the initial question clearly contradicts information given in the
question, it is not appropriate to award any FT marks in the subsequent parts. This includes
when candidates fail to complete a “show that” question correctly, and then in subsequent parts
use their incorrect answer rather than the given value.

o Exceptions to these FT rules will be explicitly noted on the markscheme.

¢ If a candidate makes an error in one part but gets the correct answer(s) to subsequent part(s),
award marks as appropriate, unless the command term was “Hence”.
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Mis-read

If a candidate incorrectly copies values or information from the question, this is a mis-read (MR). A
candidate should be penalized only once for a particular misread. Use the MR stamp to indicate that
this has been a misread and do not award the first mark, even if this is an M mark, but award all
others as appropriate.

If the question becomes much simpler because of the MR, then use discretion to award
fewer marks.

If the MR leads to an inappropriate value (e.g. probability greater than 1, sin@ =1.5, non-integer
value where integer required), do not award the mark(s) for the final answer(s).

Miscopying of candidates’ own work does not constitute a misread, it is an error.
If a candidate uses a correct answer, to a “show that” question, to a higher degree of accuracy
than given in the question, this is NOT a misread and full marks may be scored in the

subsequent part.

MR can only be applied when work is seen. For calculator questions with no working and
incorrect answers, examiners should not infer that values were read incorrectly.

Alternative methods

Candidates will sometimes use methods other than those in the markscheme. Unless the question
specifies a method, other correct methods should be marked in line with the markscheme. If the
command term is ‘Hence’ and not ‘Hence or otherwise’ then alternative methods are not permitted
unless covered by a note in the mark scheme.

Alternative methods for complete questions are indicated by METHOD 1,
METHOD 2, efc.

Alternative solutions for parts of questions are indicated by EITHER . . . OR.
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Alternative forms
Unless the question specifies otherwise, accept equivalent forms.

¢ As this is an international examination, accept all alternative forms of notation for example 1.9
and 1,9 or 1000 and 1,000 and 1.000.

¢ Do not accept final answers written using calculator notation. However, M marks and
intermediate A marks can be scored, when presented using calculator notation, provided the
evidence clearly reflects the demand of the mark.

¢ In the markscheme, equivalent numerical and algebraic forms will generally be written in
brackets immediately following the answer.

¢ |n the markscheme, some equivalent answers will generally appear in brackets. Not all
equivalent notations/answers/methods will be presented in the markscheme and examiners are
asked to apply appropriate discretion to judge if the candidate work is equivalent.

Format and accuracy of answers

If the level of accuracy is specified in the question, a mark will be linked to giving the answer to the
required accuracy. If the level of accuracy is not stated in the question, the general rule applies to
final answers: unless otherwise stated in the question all numerical answers must be given exactly
or correct to three significant figures.

Where values are used in subsequent parts, the markscheme will generally use the exact value,
however candidates may also use the correct answer in subsequent parts. The markscheme will
often explicitly include the subsequent values that come “from the use of 3 sf values”.

Simplification of final answers: Candidates are advised to give final answers using good
mathematical form. In general, for an A mark to be awarded, arithmetic should be completed, and

/2
any values that lead to integers should be simplified; for example, 75 should be written as %

An exception to this is simplifying fractions, where lowest form is not required (although the

10
numerator and the denominator must be integers); for example, . may be left in this form or

written as % However, ? should be written as 2, as it simplifies to an integer.

Algebraic expressions should be simplified by completing any operations such as addition and
multiplication, e.g. 4e** xe** should be simplified to 4¢>*, and 4e”* xe** —e** xe* should be
simplified to 3¢™. Unless specified in the question, expressions do not need to be factorized, nor
do factorized expressions need to be expanded, so x(x+1) and x* + x are both acceptable.

Please note: intermediate A marks do NOT need to be simplified.



10.
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Calculators

A GDC is required for this paper, but If you see work that suggests a candidate has used any
calculator not approved for IB DP examinations (eg CAS enabled devices), please follow the
procedures for malpractice.

Presentation of candidate work

Crossed out work: If a candidate has drawn a line through work on their examination script, or in
some other way crossed out their work, do not award any marks for that work unless an explicit
note from the candidate indicates that they would like the work to be marked.

More than one solution: Where a candidate offers two or more different answers to the same
question, an examiner should only mark the first response unless the candidate indicates
otherwise. If the layout of the responses makes it difficult to judge, examiners should apply
appropriate discretion to judge which is “first”.
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(b)

-8- M22/5/MATHY/HP3/ENG/TZ2/XX/M

(c)

(i) mean =4.23 (4.23333..)) A1
variance =4.27 (4.26777...) A1
[2 marks]
(i)  mean is close to the variance A1
[1 mark]
One of the following:
the number of bags sold each day is independent of any other day
the sale of one bag is independent of any other bag sold
the sales of bags of rice (each day) occur at a constant mean rate A1
Note: Award A1 for a correct answer in context. Any statement referring to independence
must refer to either the independence of each bag sold or the independence of the
number of bags sold each day. If the third option is seen, the statement must refer
to a “constant mean” or “constant average”. Do not accept “the number of bags
sold each day is constant”.
[1 mark]
attempt to find Poisson probabilities and multiply by 90 (M1)
a=7.018 A1
b=17.498 A1
EITHER
90x P (X >8)=90x(1-P(X <7)) (M1)
c=5.755 A1
OR
90—-7.018—11.903-16.665—-17.498 —14.698 -10.289-6.173 (M1)
c=15.756 A1

Note: Do not penalize the omission of clear a, b and c labelling as this will be penalized

later if correct values are interchanged.

[5 marks]
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(d @ 7 A1
[1 mark]

(i)  H,: The number of bags of rice sold each day follows a Poisson
distribution with mean 4.2. A1

H,: The number of bags of rice sold each day does not follow a
Poisson distribution with mean 4.2. A1

Note: Award A71A7 for both hypotheses correctly stated and in correct order. Award A71AQ if
reference to the data and/or “mean 4.2” is not included in the hypotheses, but otherwise
correct.

evidence of attempting to group data to obtain the observed

frequencies for <1 and >8 (M1)
p-value =0.728 (0.728100...) A2
0.728 (0.728100...) > 0.05 R1

the result is not significant so there is no reason to reject H;
(the number of bags sold each day follows a Poisson distribution) A1

Note: Do not award ROA1. The conclusion MUST follow through from their hypotheses. If no
hypotheses are stated, the final A7 can still be awarded for a correct conclusion as
long as it is in context (e.g. therefore the data follows a Poisson distribution).

[7 marks]
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(e) () METHOD 1

evidence of multiplying 4.2x60 (seen anywhere) M1
H,:p=252
H,:pu>252 A1

Note: Accept H,: x=4.2 and H, : 1 >4.2 for the A1.

evidence of finding probabilities around critical region (M1)

Note: Award (M1) for any of these values seen:
P(X >277)=0.0630518... OR P (X <276)=0.93694S...

P(X >2278)=0.0558415... OR P(X <277)=0.944158...
P(X =2279)=0.0493055... OR P (X <278)=10.950694....

critical value =279 A1
282>279, R1
the null hypothesis is rejected A1

(the advertising increased the number of bags sold during the 60 days)

Note: Do not award ROA1. Accept statements referring to the advertising being effective
for A1 as long as the R mark is satisfied. For the R1A1, follow through within the
part from their critical value.

METHOD 2
evidence of dividing 282 by 60 (or 4.7 seen anywhere) M1
Hy:pu=42
H:u>42 A1
attempt to find critical value using central limit theorem (M1)

(e.g. sample standard deviation = ,/% , X ~ N(4.2, ‘/%J etc.)

Note: Award (M1) for a p -value of 0.0293907... seen.

critical value =4.63518... A1
4.7>4.63518... R1
the null hypothesis is rejected A1

(the advertising increased the number of bags sold during the 60 days)

Note: Do not award ROA1. Accept statements referring to the advertising being effective
for A1 as long as the R mark is satisfied. For the R1A1, follow through within the
part from their critical value.

[6 marks]

(i) (P(X =279 |u=252)=) 0.0493 (0.0493055...) A1

Note: If a candidate uses METHOD 2 in part (e)(i), allow an FT answer of 0.05 for this
part but only if the candidate has attempted to find a p-value.

[1 mark]
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(f)  attempt to compare profit difference with cost of advertising (M1)

Note: Award (M1) for evidence of candidate mathematically comparing a profit difference
with the cost of the advertising.

EITHER
(comparing profit from 30 extra bags of rice with cost of advertising)
14850 < 18000 A1

OR
(comparing total profit with and without advertising)
121590 <124740 A1

OR
(comparing increase of average daily profit with daily advertising cost)
247.50 <300 A1

THEN

EITHER
Even though the number of bags of rice increased, the advertising is not
worth it as the overall profit did not increase. R1

OR

The advertising is worth it even though the cost is less than the increased

profit, since the number of customers increased (possibly buying other products
and/or returning in the future after advertising stops) R1

Note: Follow through within the part for correct reasoning consistent with their comparison.

[3 marks]

[Total 27 marks]
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(@) AF>=89.22+104.9° —2(89.2)(104.9)cos 83 (M1)(A1)

Note: Award (M1) for substitution into the cosine rule and (A1) for correct substitution.

AF =129 m (129.150...) A1
[3 marks]
(b) 21310+129.150... (M1)
$165 A1
[2 marks]
(c) any reasonable statement referring to the lake R1

(eg. there is a lake between A and F, the cables would need to be installed
under/over/around the lake, special waterproof cables are needed for lake, etc.)
[1 mark]

(d) (i) edges (or weights) are chosen in the order
CE (8239
DG (8668)
BD (8778)
AB (8811)
DE (8833)
EH (9251)
DF (11539) A1A1A1

Note: Award A1 for the first two edges chosen in the correct order. Award A1A1 for
the first six edges chosen in the correct order. Award ATA1A1 for all seven
edges chosen in the correct order. Accept a diagram as an answer, provided
the order of edges is communicated.

[3 marks]

(i)  Finding the sum of the weights of their edges (M1)
8239+8668+8778+8811+8833+9251+11539

total cost = $64119 A1
[2 marks]
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(e) a Hamiltonian cycle is not always an Eulerian circuit as it does not have to

include all edges of the graph (only all vertices) R1
[1 mark]

(f)  edges (or weights) are chosen in the order

DG (8668)

GH (9603)

HE (9251)

EC (8239)

CB (13156)

BA (8811)

AF (21310)

FD (11539) A1A1A1

Note: Award A1 for the first two edges chosen in the correct order. Award A1A1 for
the first five edges chosen in the correct order. Award ATA71A1 for all eight
edges chosen in the correct order. Accept a diagram as an answer, provided
the order of edges is communicated.

finding the sum of the weights of their edges (M1)
8668 +9603+9251+8239+13156+8811+21310+11539

upper bound = $90577 A1
[5 marks]
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(g) attempt to find MST after deleting vertex D (M1)
these edges (or weights) (in any order)
CE (8239)
AB (8811)
EH (9251)
GH (9603)
BE (10153)
FG (12606) A1

Note: Prim’s or Kruskal’s algorithm could be used at this stage.

reconnect D to MST with two different edges (M1)
DG (8668)
BD (8778) A1

Note: This A7 is independent of the first A mark and can be awarded if both DG and
BD are chosen to reconnect D to the MST, even if the MST is incorrect.

finding the sum of the weights of their edges (M1)
8239+ 8811+9251+9603+10153+12606 +8668 +8778

Note: For candidates with an incorrect MST or no MST, the weights of at least seven
of the edges being summed (two of which must connect to D) must be shown
to award this (M1).

lower bound = $76 109 A1
[6 marks]
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(h) METHOD 1
recognition of a binomial distribution (M1)
X ~B(2,0.014)

finding the probability that a cable fails (at least one of its connections fails)

P(X >0)=0.027804 OR 1-P(X =0)=0.027804 A1
recognition that two cables must fail for the network to go offline M1
recognition of binomial distribution for network, ¥ ~ B(8, 0.027804) (M1)

P(Y>2)=0.0194 (0.0193602...) OR 1—-P(Y <2)=0.0194 (0.0193602...) A1

therefore, the diagram satisfies the requirement since 1.94% < 2% AG

Note: Evidence of binomial distribution may be seen as combinations.

METHOD 2

recognition of a binomial distribution (M1)
X ~B(6, 0.014)

finding the probability that at least two connections fail
P(X 22)=0.0206473... OR 1-P(X <2)=0.0206473... A1

recognition that the previous answer is an overestimate M1

finding probability of two ends of the same cable failing, F ~B(2, 0.014),
and the ends of the other 14 cables not failing, S ~B(14,0.014)
P(F=2)xP(§=0)=0.0000160891... (A1)

0.0000160891...x8=0.00128713...

0.0206473...—-0.00128713...=0.0194 (0.0193602...) A1
therefore, the diagram satisfies the requirement since 1.94% < 2% AG
METHOD 3

recognition of a binomial distribution M1

X ~B(16, 0.014)

finding the probability that the network remains secure if 0 or 1 connections fail or if 2
connections fail provided that the second failed connection occurs at the other end of the

cable with the first failure (M1)
P (remains secure) =P (X < 1)+%xP(X =2) A1
=0.9806397625 A1
P (network fails) =1—-0.9806397625 =0.0194 (0.0193602...) A1

therefore, the diagram satisfies the requirement since 1.94% < 2% AG
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METHOD 4
P (network failing)

=1-P (0 connections failing) — P (1 connection failing)
— P(2 connections on the same cable failing) M1

=1-0.986" —"°C,;x0.014x0.986" — *C, x0.014* x 0.986'* A1A1A1

Note: Award A1 for each of 2", 3 and last terms.

=0.0194 (0.0193602...) A1

therefore, the diagram satisfies the requirement since 1.94% < 2% AG
[5 marks]

[Total 28 marks]
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Instructions to Examiners
Abbreviations

M  Marks awarded for attempting to use a correct Method.

A Marks awarded for an Answer or for Accuracy; often dependent on preceding M marks.

R  Marks awarded for clear Reasoning.

AG Answer given in the question and so no marks are awarded.

FT Follow through. The practice of awarding marks, despite candidate errors in previous parts, for their
correct methods/answers using incorrect results.

Using the markscheme

1 General

Award marks using the annotations as noted in the markscheme eg M1, A2.

2 Method and Answer/Accuracy marks

¢ Do not automatically award full marks for a correct answer; all working must be checked, and
marks awarded according to the markscheme.

e lItis generally not possible to award MO0 followed by A7, as A mark(s) depend on the preceding
M mark(s), if any.

e Where M and A marks are noted on the same line, e.g. M1A1, this usually means M1 for an
attempt to use an appropriate method (e.g. substitution into a formula) and A7 for using the
correct values.

e Where there are two or more A marks on the same line, they may be awarded independently;
so if the first value is incorrect, but the next two are correct, award AOA7A1T.

e Where the markscheme specifies A3, M2 efc., do not split the marks, unless there is a note.

¢ The response to a “show that” question does not need to restate the AG line, unless a Note
makes this explicit in the markscheme.

e Once a correct answer to a question or part question is seen, ignore further working even if this
working is incorrect and/or suggests a misunderstanding of the question. This will encourage a
uniform approach to marking, with less examiner discretion. Although some candidates may be
advantaged for that specific question item, it is likely that these candidates will lose marks
elsewhere too.

¢ An exception to the previous rule is when an incorrect answer from further working is used in a
subsequent part. For example, when a correct exact value is followed by an incorrect decimal
approximation in the first part and this approximation is then used in the second part. In this
situation, award FT marks as appropriate but do not award the final A7 in the first part. Examples:

Correct Further Any FT issues? .
. Action
answer seen | working seen
1. 5.65685... No. Award A1 for the final mark
82 (incorrect Last part in question. | (condone the incorrect further
decimal value) working)
2. 35 0.468111... Yes. Award A0 for the final mark
- (incorrect Value is wused in| (and full FT is available in
72 decimal value) subsequent parts. subsequent parts)
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Implied marks

Implied marks appear in brackets e.g. (M1),and can only be awarded if correct work is seen or
implied by subsequent working/answer.

Follow through marks (only applied after an error is made)

Follow through (FT) marks are awarded where an incorrect answer from one part of a question is
used correctly in subsequent part(s) (e.g. incorrect value from part (a) used in part (d) or incorrect
value from part (c)(i) used in part (c)(ii)). Usually, to award FT marks, there must be working
present and not just a final answer based on an incorrect answer to a previous part. However, if all
the marks awarded in a subsequent part are for the answer or are implied, then FT marks should be
awarded for their correct answer, even when working is not present.

For example: following an incorrect answer to part (a) that is used in subsequent parts, where the
markscheme for the subsequent part is (M1)A1, it is possible to award full marks for their correct
answer, without working being seen. For longer questions where all but the answer marks are
implied this rule applies but may be overwritten by a Note in the Markscheme.

¢ Within a question part, once an error is made, no further A marks can be awarded for work
which uses the error, but M marks may be awarded if appropriate.

¢ If the question becomes much simpler because of an error then use discretion to award fewer
FT marks, by reflecting on what each mark is for and how that maps to the simplified version.

¢ If the error leads to an inappropriate value (e.g. probability greater than 1, sin& =1.5, non-
integer value where integer required), do not award the mark(s) for the final answer(s).

e The markscheme may use the word “their” in a description, to indicate that candidates may be
using an incorrect value.

¢ If the candidate’s answer to the initial question clearly contradicts information given in the
question, it is not appropriate to award any FT marks in the subsequent parts. This includes
when candidates fail to complete a “show that” question correctly, and then in subsequent parts
use their incorrect answer rather than the given value.

e Exceptions to these FT rules will be explicitly noted on the markscheme.

¢ If a candidate makes an error in one part but gets the correct answer(s) to subsequent part(s),
award marks as appropriate, unless the command term was “Hence”.
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Mis-read

If a candidate incorrectly copies values or information from the question, this is a mis-read (MR). A
candidate should be penalized only once for a particular misread. Use the MR stamp to indicate that
this has been a misread and do not award the first mark, even if this is an M mark, but award all
others as appropriate.

If the question becomes much simpler because of the MR, then use discretion to award
fewer marks.

If the MR leads to an inappropriate value (e.g. probability greater than 1, sin@ =1.5, non-integer
value where integer required), do not award the mark(s) for the final answer(s).

Miscopying of candidates’ own work does not constitute a misread, it is an error.
If a candidate uses a correct answer, to a “show that” question, to a higher degree of accuracy
than given in the question, this is NOT a misread and full marks may be scored in the

subsequent part.

MR can only be applied when work is seen. For calculator questions with no working and
incorrect answers, examiners should not infer that values were read incorrectly.

Alternative methods

Candidates will sometimes use methods other than those in the markscheme. Unless the question
specifies a method, other correct methods should be marked in line with the markscheme. If the
command term is ‘Hence’ and not ‘Hence or otherwise’ then alternative methods are not permitted
unless covered by a note in the mark scheme.

Alternative methods for complete questions are indicated by METHOD 1,
METHOD 2, efc.

Alternative solutions for parts of questions are indicated by EITHER . . . OR.
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Alternative forms
Unless the question specifies otherwise, accept equivalent forms.

¢ As this is an international examination, accept all alternative forms of notation for example 1.9
and 1,9 or 1000 and 1,000 and 1.000.

¢ Do not accept final answers written using calculator notation. However, M marks and
intermediate A marks can be scored, when presented using calculator notation, provided the
evidence clearly reflects the demand of the mark.

¢ In the markscheme, equivalent numerical and algebraic forms will generally be written in
brackets immediately following the answer.

¢ |n the markscheme, some equivalent answers will generally appear in brackets. Not all
equivalent notations/answers/methods will be presented in the markscheme and examiners are
asked to apply appropriate discretion to judge if the candidate work is equivalent.

Format and accuracy of answers

If the level of accuracy is specified in the question, a mark will be linked to giving the answer to the
required accuracy. If the level of accuracy is not stated in the question, the general rule applies to
final answers: unless otherwise stated in the question all numerical answers must be given exactly
or correct to three significant figures.

Where values are used in subsequent parts, the markscheme will generally use the exact value,
however candidates may also use the correct answer in subsequent parts. The markscheme will
often explicitly include the subsequent values that come “from the use of 3 sf values”.

Simplification of final answers: Candidates are advised to give final answers using good
mathematical form. In general, for an A mark to be awarded, arithmetic should be completed, and

/2 5
any values that lead to integers should be simplified; for example, 75 should be written as E

An exception to this is simplifying fractions, where lowest form is not required (although the

10
numerator and the denominator must be integers); for example, ? may be left in this form or

5 10
written as 5 However, ? should be written as 2, as it simplifies to an integer.

Algebraic expressions should be simplified by completing any operations such as addition and
multiplication, e.g. 4¢** x¢’* should be simplified to 4e’*, and 4e”* xe’* —e** xe* should be
simplified to 3e’*. Unless specified in the question, expressions do not need to be factorized, nor
do factorized expressions need to be expanded, so x(x+1) and x” +x are both acceptable.

Please note: intermediate A marks do NOT need to be simplified.
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Calculators

A GDC is required for this paper, but If you see work that suggests a candidate has used any
calculator not approved for IB DP examinations (eg CAS enabled devices), please follow the
procedures for malpractice.

Presentation of candidate work

Crossed out work: If a candidate has drawn a line through work on their examination script, or in
some other way crossed out their work, do not award any marks for that work unless an explicit
note from the candidate indicates that they would like the work to be marked.

More than one solution: Where a candidate offers two or more different answers to the same
question, an examiner should only mark the first response unless the candidate indicates
otherwise. If the layout of the responses makes it difficult to judge, examiners should apply
appropriate discretion to judge which is “first”.
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@@ () O@)=3090¢—54000 (3094.27..t—54042.3...) A1A1

Note: Award at most A71A0 if answer is not an equation. Award A1A0 for an answer
including either x or y.

[2 marks]
(i) 0.755 (0.754741...) A1
[1 mark]
(iii)  zis not a random variable OR it is not a (bivariate) normal distribution
OR data is not a sample from a population
OR data appears nonlinear
OR r only measures linear correlation R1
Note: Do not accept “r is not large enough”.
[1 mark]
(b) (i) attempt to separate variables (M1)
1
= do=[pNdt
0
In|Q|= BNi+c A1A1A1
Note: Award A1 for LHS, A7 for SNt , and A1 for +c.
Award full marks for O =¢”""“ OR Q= Ae"™ .
Award M1A1A1A0 for O ="
[4 marks]
(i)  attempt at exponential regression (M1)
0=1.15""" (0=1.14864..e"*">") A1
OR
attempt at exponential regression (M1)
0=1.15x1.34" (1.14864...x1.33917...") A1
Note: Condone answers involving y or x. Condone absence of “Q ="
Award M1AO0 for an incorrect answer in correct format.
[2 marks]
(iif)  0.999 (0.999431...) A1

[1 mark]
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(iv) comparing something to do with R* and something to do with » M1

Note: Examples of where the M1 should be awarded:
R*>r
R>r
0.999 >0.755

0.999 >0.755° (=0.563)
The “correlation coefficient” in the exponential model is larger.

Model B has a larger R’
Examples of where the M1 should not be awarded:
The exponential model shows better correlation (since not clear how it
is being measured)
Model 2 has a better fit
Model 2 is more correlated

an unambiguous comparison between R* and »* or R and » leading
to the conclusion that the model in part (b) is more suitable / better A1

Note: Condone candidates claiming that R is the “correlation coefficient” for the
non-linear model.

[2 marks]
(v) it suggests that there will be more infected computers than the
entire population R1
Note: Accept any response that recognizes unlimited growth.
[1 mark]
(c) 1.15¢** =23 OR 1.15x1.34'=23 OR (= 012922 OR using the model to
find two specific times with values of Q(¢) which double m1
t =2.37 (days) A1

Note: Do not FT from a model which is not exponential. Award MOAO for an answer of 2.13
which comes from using (10, 20) from the data or any other answer which finds a
doubling time from figures given in the table.

[2 marks]
(d) an attempt to calculate g for city X (M1)
0.292055... In1.33917...
=————" OR =— "
p 2.6x10° d 2.6x10°
=1.12328...x1077 A1
this is larger than 9.64x10™® so the virus spreads more easily in city X R1

Note: Itis possible to award MTAOR1.
Condone “so the virus spreads faster in city X” for the final R1.

[3 marks]
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(e) a=38.3,b=3086.1 A1A1

Note: Award A1AQ if values are correct but not to 1 dp.

[2 marks]

@ () %=0.42228—2.5561x106Q (A1)(A1)

Note: Award A1 for each coefficient seen — not necessarily in the equation. Do not penalize
seeing in the context of y and x.

identifying that the constant is £ OR that the gradient is —% (M1)
therefore &£ =0.422 (0.422228...) A1
k

= =2.5561%x10"°
L
L=165000 (165205) A1

Note: Accept a value of L of 164843 from use of 3 sf value of &, or any other value from
plausible pre-rounding.
Allow follow-through within the question part, from the equation of their line to the
final two A1 marks.

[5 marks]
(i)  recognizing that their L is the eventual number of infected (M1)
165205, 6.35% (6.35403...%) A1
2600000

Note: Accept any final answer consistent with their answer to part (f)(i) unless their L is less
than 120146 in which case award at most M1A0.

[2 marks]

[Total 28 marks]
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(@) the size of each town is small (in comparison with the distance between the towns)
OR
if towns have an identifiable centre
OR
the centre of the town is at that point R1

Note: Accept a geographical landmark in place of “centre”, e.g. “town hall” or “capitol”.

[1 mark]
(b) |
4(.‘!'
E ! F
odH : 6l o
0 40 A1
Note: There is no need for a scale / coordinates here. Condone boundaries
extending beyond the metropolitan area.
[1 mark]
: \ . 40-20
C [ the gradient of IF is =) A1
(© () g oo (A1)
negative reciprocal of any gradient (M1)

gradient of perpendicular bisector = —%

Note: Seeing —% (for example) used clearly as a gradient anywhere is evidence of the

“negative reciprocal” method despite being applied to an inappropriate gradient.

midpoint is [ 20739 40120 55 55, (A1)
2 2
equation of perpendicular bisector is y—30 = —%(x—35) A1

Note: Accept equivalent forms e.g. y=—%x+§ or 2y+x-95=0.

Allow FT for the final A7 from their midpoint and gradient of perpendicular
bisector, as long as the M1 has been awarded.

[4 marks]
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(i)  the perpendicular bisector of EH is y =20 (A1)

Note: Award this A1 if seen in the y-coordinate of any final answer or if 20 is
used as the y-value in the equation of any other perpendicular bisector.

attempt to use symmetry OR intersecting two perpendicular bisectors  (M1)

(?, 2()) A1
(20, 2.5) A1
(il [4 marks]
iii
Y
40
E | Fl
/“.~\
-~ h N s
/, \“-_~
I/ \\\N
,I
Il
______ /\, .]
AY
\\
\\ ”’,’
\\ ”,’
\\ ”’
H g G
0 L >
0 40 *
M1A1

Note: Award M1 for exactly four perpendicular bisectors around I (IE, IF, IG and IH) seen,
even if not in exactly the right place.
Award A1 for a completely correct diagram. Scale / coordinates are NOT necessary.
Vertices should be in approximately the correct positions but only penalized if clearly

wrong (condone northern and southern vertices appearing to be very close to the
boundary).

Condone the Voronoi diagram extending outside of the square.
Do not award follow-though marks in this part.

[2 marks]
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(d) 30%of40is 12 (A1)
recognizing line intersects bisectors at y =c¢ (or equivalent) but (M1)
different x-values

3 15 1 95
c=—x;+— and c=——x,+—
2 2 2 2
finding an expression for the distance in Isaacopolis in terms of one variable  (M1)
2c—15 8c

x,—x,=(095-2¢)- =100—?

equating their expression to 12

100—8?0= 0.3x40=12
c=33
distance =33 (km) A1
[4 marks]
(e) (i) mustbe avertex (award if vertex given as a final answer) (R1)
attempt to calculate the distance of at least one town from a vertex (M1)
Note: This must be seen as a calculation or a value.
correct calculation of distances A1
% OR 21.7 AND 40625 OR 20.2
(E, 20} A1
3
Note: Award RTMOAOAO for a vertex written with no other supporting calculations.
Award R1TMOAOA1 for correct vertex with no other supporting calculations.
The final A1 is not dependent on the previous A17. There is no follow-through
for the final A1.
Do not accept an answer based on “uniqueness” in the question.
[4 marks]
(iiy  For example, any one of the following:
decision does not take into account the different population densities
closer to a city will reduce travel time/help employees
it is closer to some cites than others R1

Note: Accept any correct reason that engages with the scenario.
Do not accept any answer to do with ethical issues about whether toxic waste
should ever be dumped, or dumped in a metropolitan area.

[1 mark]
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() () METHOD 1

attempting M’ M1
attempting M* M1
e.g.

last row/columnof M*=(3 5 1 6 0 7)

last row/column of M*=(10 12 4 16 1 18)
hence Isaacopolis is the last city to be polluted A1

Note: Do not award the A7 unless both M*> and M* are considered.
Award M1TMOAQO for a claim that the shortest distance is from 7 to /
and that it is 4, without any support.

METHOD 2
attempting to translate M to a graph or a list of cities polluted on each day (M1)
correct graph or list A1
I
G
B H
F
B —e
hence Isaacopolis is the last city to be polluted A1

Note: Award M1A1A1 for a clear description of the graph in words leading to the correct answer.

[3 marks]

(i) it takes 4 days A1
[1 mark]
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(i) EITHER
the orders of the different vertices are:
2

e iR o Re-Nes
N = NN =

Note: Accept a list where each order is 2 greater than listed above.

OR

a correct diagram/graph showing the connections between
the locations

Note: Accept a diagram with loops at each vertex.
This mark should be awarded if candidate is clearly using their
correct diagram from the previous part.

THEN
“Start at F and end atI” OR “Start at [ and end at F”

Note: Award A1AQ for “it could start at either F or I".
Award A1A1 for “IGEHTF” OR “FTHEGI.
Award A1A1 for“FandI” OR “Iand F’.

(A1)

(A1)

A1

[2 marks]

[Total 27 marks]
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Instructions to Examiners

Abbreviations

M
A
R
AG
FT

Marks awarded for attempting to use a correct Method.

Marks awarded for an Answer or for Accuracy; often dependent on preceding M marks.

Marks awarded for clear Reasoning.

Answer given in the question and so no marks are awarded.

Follow through. The practice of awarding marks, despite candidate errors in previous parts, for their
correct methods/answers using incorrect results.

Using the markscheme

1

General
Award marks using the annotations as noted in the markscheme eg M1, A2.

Method and Answer/Accuracy marks

Do not automatically award full marks for a correct answer; all working must be checked, and
marks awarded according to the markscheme.

It is generally not possible to award MO followed by A1, as A mark(s) depend on the preceding
M mark(s), if any.

Where M and A marks are noted on the same line, e.g. M1A1, this usually means M1 for an
attempt to use an appropriate method (e.g. substitution into a formula) and A7 for using the
correct values.

Where there are two or more A marks on the same line, they may be awarded independently;
so if the first value is incorrect, but the next two are correct, award AOA71A1T.

Where the markscheme specifies A3, M2 efc., do not split the marks, unless there is a note.

The response to a “show that” question does not need to restate the AG line, unless a Note
makes this explicit in the markscheme.

Once a correct answer to a question or part question is seen, ignore further working even if this
working is incorrect and/or suggests a misunderstanding of the question. This will encourage a
uniform approach to marking, with less examiner discretion. Although some candidates may be
advantaged for that specific question item, it is likely that these candidates will lose marks
elsewhere too.

An exception to the previous rule is when an incorrect answer from further working is used in a
subsequent part. For example, when a correct exact value is followed by an incorrect decimal
approximation in the first part and this approximation is then used in the second part. In this
situation, award FT marks as appropriate but do not award the final A7 in the first part. Examples:

Correct Further Any FT issues?
answer seen | working seen

Action

5.65685... No. Award A1 for the final mark
82 (incorrect Last part in question. | (condone the incorrect further
decimal value) working)

35 0.468111... Yes. Award A0 for the final mark
- (incorrect Value is wused inl (and full FT is available in
72 decimal value) subsequent parts. subsequent parts)
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Implied marks

Implied marks appear in brackets e.g. (M1),and can only be awarded if correct work is seen or
implied by subsequent working/answer.

Follow through marks (only applied after an error is made)

Follow through (FT) marks are awarded where an incorrect answer from one part of a question is
used correctly in subsequent part(s) (e.g. incorrect value from part (a) used in part (d) or incorrect
value from part (c)(i) used in part (c)(ii)). Usually, to award FT marks, there must be working
present and not just a final answer based on an incorrect answer to a previous part. However, if all
the marks awarded in a subsequent part are for the answer or are implied, then FT marks should be
awarded for their correct answer, even when working is not present.

For example: following an incorrect answer to part (a) that is used in subsequent parts, where the
markscheme for the subsequent part is (M1)A1, it is possible to award full marks for their correct
answer, without working being seen. For longer questions where all but the answer marks are
implied this rule applies but may be overwritten by a Note in the Markscheme.

¢ Within a question part, once an error is made, no further A marks can be awarded for work
which uses the error, but M marks may be awarded if appropriate.

¢ |If the question becomes much simpler because of an error then use discretion to award fewer
FT marks, by reflecting on what each mark is for and how that maps to the simplified version.

e If the error leads to an inappropriate value (e.g. probability greater than 1, sin& =1.5, non-
integer value where integer required), do not award the mark(s) for the final answer(s).

¢ The markscheme may use the word “their” in a description, to indicate that candidates may be
using an incorrect value.

¢ |If the candidate’s answer to the initial question clearly contradicts information given in the
question, it is not appropriate to award any FT marks in the subsequent parts. This includes
when candidates fail to complete a “show that” question correctly, and then in subsequent parts
use their incorrect answer rather than the given value.

e Exceptions to these FT rules will be explicitly noted on the markscheme.

¢ If a candidate makes an error in one part but gets the correct answer(s) to subsequent part(s),
award marks as appropriate, unless the command term was “Hence”.
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Mis-read

If a candidate incorrectly copies values or information from the question, this is a mis-read (MR). A
candidate should be penalized only once for a particular misread. Use the MR stamp to indicate that
this has been a misread and do not award the first mark, even if this is an M mark, but award all
others as appropriate.

¢ If the question becomes much simpler because of the MR, then use discretion to award
fewer marks.

e Ifthe MR leads to an inappropriate value (e.g. probability greater than 1, sin& =1.5, non-integer
value where integer required), do not award the mark(s) for the final answer(s).

e Miscopying of candidates’ own work does not constitute a misread, it is an error.

¢ If a candidate uses a correct answer, to a “show that” question, to a higher degree of accuracy
than given in the question, this is NOT a misread and full marks may be scored in the
subsequent part.

e MR can only be applied when work is seen. For calculator questions with no working and
incorrect answers, examiners should not infer that values were read incorrectly.

Alternative methods

Candidates will sometimes use methods other than those in the markscheme. Unless the question
specifies a method, other correct methods should be marked in line with the markscheme. If the
command term is ‘Hence’ and not ‘Hence or otherwise’ then alternative methods are not permitted
unless covered by a note in the mark scheme.

¢ Alternative methods for complete questions are indicated by METHOD 1,
METHOD 2, efc.

¢ Alternative solutions for parts of questions are indicated by EITHER . . . OR.
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Alternative forms
Unless the question specifies otherwise, accept equivalent forms.

¢ As this is an international examination, accept all alternative forms of notation for example 1.9
and 1,9 or 1000 and 1,000 and 1.000.

¢ Do not accept final answers written using calculator notation. However, M marks and
intermediate A marks can be scored, when presented using calculator notation, provided the
evidence clearly reflects the demand of the mark.

¢ In the markscheme, equivalent numerical and algebraic forms will generally be written in
brackets immediately following the answer.

¢ In the markscheme, some equivalent answers will generally appear in brackets. Not all
equivalent notations/answers/methods will be presented in the markscheme and examiners are
asked to apply appropriate discretion to judge if the candidate work is equivalent.

Format and accuracy of answers

If the level of accuracy is specified in the question, a mark will be linked to giving the answer to the
required accuracy. If the level of accuracy is not stated in the question, the general rule applies to
final answers: unless otherwise stated in the question all numerical answers must be given exactly
or correct to three significant figures.

Where values are used in subsequent parts, the markscheme will generally use the exact value,
however candidates may also use the correct answer to 3 sf in subsequent parts. The markscheme
will often explicitly include the subsequent values that come “from the use of 3 sf values”.

Simplification of final answers: Candidates are advised to give final answers using good
mathematical form. In general, for an A mark to be awarded, arithmetic should be completed, and

/2
any values that lead to integers should be simplified; for example, 75 should be written as %

An exception to this is simplifying fractions, where lowest form is not required (although the

10
numerator and the denominator must be integers); for example, Tmay be left in this form or

written as % However, ? should be written as 2, as it simplifies to an integer.

Algebraic expressions should be simplified by completing any operations such as addition and
multiplication, e.g. 4e** xe’* should be simplified to 4e™*, and 4e”* xe*™ —e** xe* should be
simplified to 3e™. Unless specified in the question, expressions do not need to be factorized, nor
do factorized expressions need to be expanded, so x(x+1) and x” +x are both acceptable.

Please note: intermediate A marks do NOT need to be simplified.
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Calculators

No calculator is allowed. The use of any calculator on this paper is malpractice and will result in no
grade awarded. If you see work that suggests a candidate has used any calculator, please follow
the procedures for malpractice.

OR

A GDC is required for this paper, but If you see work that suggests a candidate has used any
calculator not approved for IB DP examinations (eg CAS enabled devices), please follow the
procedures for malpractice.

Presentation of candidate work

Crossed out work: If a candidate has drawn a line through work on their examination script, or in
some other way crossed out their work, do not award any marks for that work unless an explicit
note from the candidate indicates that they would like the work to be marked.

More than one solution: Where a candidate offers two or more different answers to the same
question, an examiner should only mark the first response unless the candidate indicates
otherwise. If the layout of the responses makes it difficult to judge, examiners should apply
appropriate discretion to judge which is “first”.
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A1

Note: Accept any other correct answers starting at any vertex.

(b) (i) 7 vertices, so 6 edges required for MST

Note: To award (M1), their 6 edges should not form a cycle.

Order Edge
selected

1 BC

2 CD

3 DE

4 BH

5 GH

6 FG

(mM1)

m1
A1

A1

Note: Award M1 for the first three edges in correct order, A7 for BH in correct order
and A1 for all of the edges correct.

weight of MST = 33 A1
Note: The final A7 can be awarded independently of previous marks.
(i) lower bound = 33+3+x (M1)
=36+x A1
(c) () p=13 A1
(i) qg=17 A1
(i) r=14 A1
(d) (i) attemptto use nearest neighbour algorithm (M1)
any two correct cycles from
ABCDEGHFA, AFGHBCDE(F)A, AB(A)FGHCDE(F)A A1A1

Note: Bracketed vertices may be omitted in candidate’s answer.
Award M1A0A1 for candidates who list two correct sequences of vertices, but

omit the final vertex A.

(i) use ABCDEGHFA OR their shortest cycle from (d)(i) (M1)
upper bound =43

A1

continued...
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Question 1 continued

(e) (i) cycle starts: ABCDEGHF

return to A has two options, FA =18 or x (M1)

hence least value of x =19 A1

(i)  upper bound = 58 A2

(f)  recognition that edges will be repeated / there are odd vertices (M1)
BH+DG=21, BD+GH=15,BG+DH=21 OR 18+x A1
recognizing BD and GH is lowest weight and is repeated (M1)
solution to CPP =107 +x A1
x=13 A1

Note: Award MTAOMOA1A1 if only pairing BD and GH is considered, leading to a
correct answer.
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@ () h(t)=-0.134t+3.1

Note: Award A1 for an equation in # and ¢ and A1 for the coefficient
—0.134 and constant 3.1.

(i) EITHER
the rate of change of height (of water in metres per minute)

A1A1

A1

Note: Accept “rate of decrease” or “rate of increase” in place of “rate of change”.

OR

the (average) amount that the height (of the water) decreases each minute

(i) EITHER
unreliable to use / on ¢ equation to estimate ¢

OR
unreliable to extrapolate from original data

OR

A1

A1

A1

rate of change (of height) might not remain constant (as the water drains out)

(b) (i)  A()=0.002t> —0.174t+3.2

(i)  0.002£>—0.174t+3.2=0
26.4 (26.4046...)

(i) EITHER
(0<) 1 <264 (t<26.4046...)

OR
(0<) t <20 (due to range of original data / interpolation)

A1

A1

(M1)
A1

A1

A1

continued...
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Question 2 continued

() V=n)h (A1)
EITHER
ar _ dn M1
dt dt
OR
attempt to use chain rule M1
d_dh v
de dV dt
THEN
dh 1 )
— =—Xx—ntR"\/70560A A1
dt =
i—h = —R*\70560h AG
t
(d) attempt to separate variables M1
J;dh:I—det A1
A/ 70560 h
2
Jh =-R’t+c A1A1
A/ 70560

Note: Award A1 for each correct side of the equation.

N /70560 (C_th) A1
2
Note: Award the final A1 for any correct intermediate step that clearly leads
to the given equation.
h=17640(c~ R*t) AG
(e) t=0 = 3.2=17640¢" (M1)
c=0.0134687... (A1)
substituting # =0 and their non-zero value of ¢ (M1)
_ ¢ _0.0134687...
R® 0.023°
=25.5 (minutes) (25.4606...) A1
f h=0 = c=R%
c=0.023"x15 (=0.007935) (A1)
t=0 = h=17640(0.023"x15) (M1)
h=1.11 (metres) (1.11068...) A1

continued...
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Question 2 continued

(g) (i) let & be the height of water in the highest container
from parts (d) and (e) we get

%: —~35280R’ (0.0134687...— Rt (M1)(A1)

t

SO %=35280R2(0.0135—R2t)—R2 70560 H M1A1
t

(% =18.6631 ...(0.0134687...— 0.000529t) —-0.000529,/70560 H j

(% =0.251367...—0.0987279...—0.140518.../|H j

dH

= 02514-0.0098731 - 0.1405VH AG
(i)  evidence of using Euler's method correctly

e.g. y, =1.05545... (A1)

maximum value of H = 1.45 (metres) (at 8.5 minutes) A2

(1.44678... metres)
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Instructions to Examiners

Abbreviations

M  Marks awarded for attempting to use a correct Method.

A Marks awarded for an Answer or for Accuracy; often dependent on preceding M marks.

R  Marks awarded for clear Reasoning.

AG Answer given in the question and so no marks are awarded.

FT Follow through. The practice of awarding marks, despite candidate errors in previous parts, for their
correct methods/answers using incorrect results.

Using the markscheme

1 General

Award marks using the annotations as noted in the markscheme eg M1, A2.

2 Method and Answer/Accuracy marks

Do not automatically award full marks for a correct answer; all working must be checked, and
marks awarded according to the markscheme.

It is generally not possible to award MO followed by A1, as A mark(s) depend on the preceding
M mark(s), if any.

Where M and A marks are noted on the same line, e.g. M1A1, this usually means M1 for an
attempt to use an appropriate method (e.g. substitution into a formula) and A7 for using the
correct values.

Where there are two or more A marks on the same line, they may be awarded independently;
so if the first value is incorrect, but the next two are correct, award AOA71A1T.

Where the markscheme specifies A3, M2 etfc., do not split the marks, unless there is a note.

The response to a “show that” question does not need to restate the AG line, unless a Note
makes this explicit in the markscheme.

Once a correct answer to a question or part question is seen, ignore further working even if this
working is incorrect and/or suggests a misunderstanding of the question. This will encourage a
uniform approach to marking, with less examiner discretion. Although some candidates may be
advantaged for that specific question item, it is likely that these candidates will lose marks
elsewhere too.

An exception to the previous rule is when an incorrect answer from further working is used in a
subsequent part. For example, when a correct exact value is followed by an incorrect decimal
approximation in the first part and this approximation is then used in the second part. In this
situation, award FT marks as appropriate but do not award the final A7 in the first part. Examples:

Correct Further Any FT issues? Acti
- ction
answer seen | working seen
1. 5.65685... No. Award A1 for the final mark
82 (incorrect Last part in question. |  (condone the incorrect further
decimal value) working)
2, 35 0.468111... Yes. Award A0 for the final mark
— (incorrect Value is wused in| (and full FT is available in
72 decimal value) subsequent parts. subsequent parts)
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Implied marks

Implied marks appear in brackets e.g. (M1),and can only be awarded if correct work is seen or
implied by subsequent working/answer.

Follow through marks (only applied after an error is made)

Follow through (FT) marks are awarded where an incorrect answer from one part of a question is
used correctly in subsequent part(s) (e.g. incorrect value from part (a) used in part (d) or incorrect
value from part (c)(i) used in part (c)(ii)). Usually, to award FT marks, there must be working
present and not just a final answer based on an incorrect answer to a previous part. However, if all
the marks awarded in a subsequent part are for the answer or are implied, then FT marks should be
awarded for their correct answer, even when working is not present.

For example: following an incorrect answer to part (a) that is used in subsequent parts, where the
markscheme for the subsequent part is (M1)A1, it is possible to award full marks for their correct
answer, without working being seen. For longer questions where all but the answer marks are
implied this rule applies but may be overwritten by a Note in the Markscheme.

¢ Within a question part, once an error is made, no further A marks can be awarded for work
which uses the error, but M marks may be awarded if appropriate.

¢ If the question becomes much simpler because of an error then use discretion to award fewer
FT marks, by reflecting on what each mark is for and how that maps to the simplified version.

¢ If the error leads to an inappropriate value (e.g. probability greater than 1, sin& =1.5, non-
integer value where integer required), do not award the mark(s) for the final answer(s).

e The markscheme may use the word “their” in a description, to indicate that candidates may be
using an incorrect value.

¢ |If the candidate’s answer to the initial question clearly contradicts information given in the
question, it is not appropriate to award any FT marks in the subsequent parts. This includes
when candidates fail to complete a “show that” question correctly, and then in subsequent parts
use their incorrect answer rather than the given value.

o Exceptions to these FT rules will be explicitly noted on the markscheme.

¢ If a candidate makes an error in one part but gets the correct answer(s) to subsequent part(s),
award marks as appropriate, unless the command term was “Hence”.
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Mis-read

If a candidate incorrectly copies values or information from the question, this is a mis-read (MR). A
candidate should be penalized only once for a particular misread. Use the MR stamp to indicate that
this has been a misread and do not award the first mark, even if this is an M mark, but award all
others as appropriate.

¢ If the question becomes much simpler because of the MR, then use discretion to award
fewer marks.

e Ifthe MR leads to an inappropriate value (e.g. probability greater than 1, sin& =1.5, non-integer
value where integer required), do not award the mark(s) for the final answer(s).

e Miscopying of candidates’ own work does not constitute a misread, it is an error.

e If a candidate uses a correct answer, to a “show that” question, to a higher degree of accuracy
than given in the question, this is NOT a misread and full marks may be scored in the
subsequent part.

e MR can only be applied when work is seen. For calculator questions with no working and
incorrect answers, examiners should not infer that values were read incorrectly.

Alternative methods

Candidates will sometimes use methods other than those in the markscheme. Unless the question
specifies a method, other correct methods should be marked in line with the markscheme. If the
command term is ‘Hence’ and not ‘Hence or otherwise’ then alternative methods are not permitted
unless covered by a note in the mark scheme.

¢ Alternative methods for complete questions are indicated by METHOD 1,
METHOD 2, etc.

¢ Alternative solutions for parts of questions are indicated by EITHER . . . OR.
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Alternative forms
Unless the question specifies otherwise, accept equivalent forms.

¢ As this is an international examination, accept all alternative forms of notation for example 1.9
and 1,9 or 1000 and 1,000 and 1.000.

¢ Do not accept final answers written using calculator notation. However, M marks and
intermediate A marks can be scored, when presented using calculator notation, provided the
evidence clearly reflects the demand of the mark.

¢ In the markscheme, equivalent numerical and algebraic forms will generally be written in
brackets immediately following the answer.

¢ In the markscheme, some equivalent answers will generally appear in brackets. Not all
equivalent notations/answers/methods will be presented in the markscheme and examiners are
asked to apply appropriate discretion to judge if the candidate work is equivalent.

Format and accuracy of answers

If the level of accuracy is specified in the question, a mark will be linked to giving the answer to the
required accuracy. If the level of accuracy is not stated in the question, the general rule applies to
final answers: unless otherwise stated in the question all numerical answers must be given exactly
or correct to three significant figures.

Where values are used in subsequent parts, the markscheme will generally use the exact value,
however candidates may also use the correct answer to 3 sf in subsequent parts. The markscheme
will often explicitly include the subsequent values that come “from the use of 3 sf values”.

Simplification of final answers: Candidates are advised to give final answers using good
mathematical form. In general, for an A mark to be awarded, arithmetic should be completed, and

/2
any values that lead to integers should be simplified; for example, 75 should be written as %

An exception to this is simplifying fractions, where lowest form is not required (although the

. | 10 o
numerator and the denominator must be integers); for example, ” may be left in this form or

1
written as % However, ?0 should be written as 2, as it simplifies to an integer.

Algebraic expressions should be simplified by completing any operations such as addition and
multiplication, e.g. 4e** xe’* should be simplified to 4e™*, and 4e”* xe*™ —e** xe* should be
simplified to 3e¢’*. Unless specified in the question, expressions do not need to be factorized, nor
do factorized expressions need to be expanded, so x(x+1) and x* + x are both acceptable.

Please note: intermediate A marks do NOT need to be simplified.
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Calculators

A GDC is required for this paper, but If you see work that suggests a candidate has used any
calculator not approved for IB DP examinations (eg CAS enabled devices), please follow the
procedures for malpractice.

Presentation of candidate work

Crossed out work: If a candidate has drawn a line through work on their examination script, or in
some other way crossed out their work, do not award any marks for that work unless an explicit
note from the candidate indicates that they would like the work to be marked.

More than one solution: Where a candidate offers two or more different answers to the same
question, an examiner should only mark the first response unless the candidate indicates
otherwise. If the layout of the responses makes it difficult to judge, examiners should apply
appropriate discretion to judge which is “first”.
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(b)

(i)
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Any one from: R1
increase sample size / increase response rate / repeat process

check whether sample is representative

test-retest participants or do a parallel test

use a stratified sample

use a random sample

Note:

Do not condone:

Ask different types of doctor
Ask for proof of income

Ask for proof of being a doctor
Remove anonymity

Remove response K.

(ii)

[1 mark]

Any one from: R1
non-random sampling means a subset of population might be responding
self-reported happiness is not the same as happiness

happiness is not a constant / cannot be quantified / is difficult to measure
income might include external sources

Juliet is only sampling doctors in her city

correlation does not imply causation

sample might be biased

Note:

Do not condone the following common but vague responses
unless they make a clear link to validity:

Sample size is too small

Result is not generalizable

There may be other variables Juliet is ignoring

Sample might not be representative

[1 mark]

because the income is very different / implausible / clearly contrived R1

Note: Answers must explicitly reference "income" to get credit.

[1 mark]

continued...
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Question 1 continued

(c)

(d)

(i) ($)90200 (M1)A1
[2 marks]
(i)  r=0.558 (0.557723...) A2
[2 marks]
(i) EITHER
only looking for change in one direction R1
OR
only looking for greater happiness with greater income R1
OR
only looking for evidence of positive correlation R1
[1 mark]
(i) Hy:p=0;H:p>0 A1A1
Note: Award A1 for p seen (do not accept r), A1 for both correct hypotheses,
using their p or r. Accept an equivalent statement in words, however
reference to “correlation for the population” or “association for the
population” must be explicit for the first A7 to be awarded.
Watch out for a null hypothesis in words similar to “Annual income is not
associated with greater happiness”. This is effectively saying o <0 and
should not be condoned.
[2 marks]

continued...
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Question 1 continued

(e)

(iif)

METHOD 1 - using critical value of r
0.558 > 0.549 (0.557723...>0.549)

(therefore significant evidence of) a positive correlation

Note:

Do not award ROA1.

METHOD 2 - using p-value
0.0469 < 0.05 (0.0469463...<0.05)

Note:

Follow through from their r-value from part (c)(ii).

(therefore significant evidence of) a positive correlation

Note:

Do not award AOA1.

(i)

(ii)

a=0.000126 (0.000125842...), b=41.1 (41.1490...)

EITHER

R1
A1

A1

A1

[2 marks]

A1
[1 mark]

the amount the happiness score increases for every $1 increase in (annual) income

OR
rate of change of happiness with respect to (annual) income

Note:

Accept equivalent responses e.g. an increase of 1.26 in happiness
for every $10000 increase in salary.

(iif)

c=-2.06x10" (=2.06191...x107%),

d=7.05x10" (7.05272...x107"),
e=12.6 (12.5878...)

A1

A1

[1 mark]

A1
[1 mark]

continued...
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Question 1 continued

(iv) for quadratic model: R> =0.659 (0.659145...) A1
for linear model: R* =0.311 (0.311056...) A1

Note: Follow through from their » value from part (c)(ii).

[2 marks]
(v) EITHER
quadratic model is a better fit to the data / more accurate A1
OR
quadratic model explains a higher proportion of the variance A1
[1 mark]
(vi) EITHER
not valid, R? not a useful measure to compare models with different
numbers of parameters A1
OR
not valid, quadratic model will always have a better fit than a
linear model A1
Note: Accept any other sensible critique of the validity of the method. Do not
accept any answers which focus on the conclusion rather than the method
of model selection.
[1 mark]

continued...
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Question 1 continued

() (i) (single sample) ¢-test A1
[1 mark]
(i) EITHER
H,:x=80000; H, : z+# 80000 A1
OR
H, : (sample is drawn from a population where) the population mean is $80000
H, : the population mean is not $80000 A1
Note: Do not allow FT from an incorrect test in part (f)(i) other than a z-test.
[1 mark]
(i)  p=0.610 (0.610322...) A1
Note: For a z-test follow through from part (f)(i), either 0.578 (from biased
estimate of variance) or 0.598 (from unbiased estimate of variance).
0.610>0.05 R1
EITHER
no (significant) evidence that mean differs from $ 80000 A1
OR
the sample could plausibly have been drawn from the quoted population A7
Note: Allow R1FTATFT from an incorrect p-value, but the final A7 must
still be in the context of the original research question.
[3 marks]

[Total 24 marks]



(b)

(c)
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(i)  population growth rate / birth rate of sharks (due to eating mackerel) A1
(i)  (net) death rate of sharks A1
(i) yMS-o6S5=0 A1
since § =0 R1
Note: Accept §>0.
getting to given answer without further error by either cancelling or factorizing
A1
M = é AG
4
dm
i —=0
(ii) py
aM — fMS =0 (M1)
(since M #0) =% A1
B
o
@ M, =—=-—=2M, M1
& 1%
2
Note: Accept equivalent in words.
Doubles A1
Note: Do not accept “increases”.
. o .
(i) M, =— is notdependenton « R1
Y
Note: Award RO for any contextual argument.
no change A1

Note: Do not award ROA1.

[1 mark]

[1 mark]

[3 marks]

[2 marks]

[2 marks]

[2 marks]

continued...
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Question 2 continued

(d) (i) a =aM A1
dt
[1 mark]
(ii) jidM=jadt m1
M
Note: Award M1 is for an attempt to separate variables. This means
getting to the point If(M) dM = [g(t) dr where the integral can
be seen or implied by further work.
ln| M | =at+c A1
Note: Accept In M . Condone missing constant of integration for this mark.
M = ke™'
when =0, M, =k m1
Note: Award M1 for a clear attempt at using initial conditions to find a
constant of integration. Only possible if the constant of integration
exists. ¢t =0 or “initially” or similar must be seen. Substitution may
appear earlier, following the integration.
initial conditions and all other manipulations correct and clearly
communicated to get to the final answer A1
M =M e” AG
[4 marks]
(i) M =3M, seen anywhere (A1)
substituting £ =2, M =3M, into equation M = M e” (M1)
3M, =M e
1
a= 51n3 OR 0.549306... A1
Note: The A1 requires either the exact answer or an answer to at least 4 sf.
~(.549 AG
[3 marks]

continued...
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Question 2 continued

(e) (i) an attempt to set up one recursive equation (M1)
Note: Must include two given parameters and M and S, and M or S,
for the (M1) to be awarded.
M, =M, +0.1(0.549M, —0.236M S ) A1
S., =S5 +0.1(0.244M S, —-1.39S)) A1
[3 marks]
(i) EITHER
6.12 (6.11609...) A2
OR
6120 (6116.09...) (mackerel per km®) A2
[2 marks]
® 0
S
3 -
1.5 T T T T T |
M
4 7
spiral or closed loop shape A1
approximately 1.25 rotations (can only be awarded if a spiral) A1
correct shape, in approximately correct position (centred at approx. (5.5, 2.5))
A1
Note: Award AOAOAO for any plot of S or M against .
[3 marks]

continued...
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Question 2 continued

(i) EITHER
approximate minimum is (5.07223...) 5.07 (which is greater than 5) A1

OR

the line M =5 clearly labelled on their phase portrait A1
THEN

(the density will not fall below 5000) hence sufficient for sustainable fishing

A1

Note: Do not award A0A17. Only if the minimum point is labelled on the sketch then
a statement here that “the mackerel population is always above 5000 would
be sufficient. Accept the value 5.07 seen within a table of values.

[2 marks]

(ii)  Any two from: A1A1
e Current values / parameters are only an estimate,
e The Euler method is only an approximate method / choosing 4 =0.1 might
be too large.
¢ There might be random variation / the model has no stochastic component
¢ Conditions / parameters might change over the nine years,
o A discrete system is being approximated by a continuous system,
Allow any other sensible critique.

If a candidate identifies factors which the model ignores, award A7 per factor identified.
These factors could include:

Other predators
Seasonality

Temperature

The effect of fishing
Environmental catastrophe
Migration

Note: Do not allow:
“You cannot have 5.07 mackerel”.
It is only a model (as this is too vague).
Some factors have been ignored (without specifically identifying the factors).
Values do not always follow the equation / model. (as this is too vague)

[2 marks]

[Total 31 marks]
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Instructions to Examiners
Abbreviations

M  Marks awarded for attempting to use a correct Method.

A Marks awarded for an Answer or for Accuracy; often dependent on preceding M marks.

R  Marks awarded for clear Reasoning.

AG Answer given in the question and so no marks are awarded.

FT Follow through. The practice of awarding marks, despite candidate errors in previous parts, for their
correct methods/answers using incorrect results.

Using the markscheme
1 General

Award marks using the annotations as noted in the markscheme eg M1, A2.

2 Method and Answer/Accuracy marks

¢ Do not automatically award full marks for a correct answer; all working must be checked, and
marks awarded according to the markscheme.

¢ lItis generally not possible to award MO0 followed by A7, as A mark(s) depend on the preceding
M mark(s), if any.

e Where M and A marks are noted on the same line, e.g. M1A1, this usually means M1 for an
attempt to use an appropriate method (e.g. substitution into a formula) and A7 for using the
correct values.

e Where there are two or more A marks on the same line, they may be awarded independently;
so if the first value is incorrect, but the next two are correct, award AOA71A1T.

o Where the markscheme specifies A3, M2 etc., do not split the marks, unless there is a note.

e The response to a “show that” question does not need to restate the AG line, unless a Note
makes this explicit in the markscheme.

¢ Once a correct answer to a question or part question is seen, ignore further working even if this
working is incorrect and/or suggests a misunderstanding of the question. This will encourage a
uniform approach to marking, with less examiner discretion. Although some candidates may be
advantaged for that specific question item, it is likely that these candidates will lose marks
elsewhere too.

¢ An exception to the previous rule is when an incorrect answer from further working is used in a
subsequent part. For example, when a correct exact value is followed by an incorrect decimal
approximation in the first part and this approximation is then used in the second part. In this
situation, award FT marks as appropriate but do not award the final A7 in the first part. Examples:

Correct Further Any FT issues? Action
answer seen | working seen
1. 5.65685... No. Award A1 for the final mark
82 (incorrect Last part in question. |  (condone the incorrect further
decimal value) working)
2. 35 0.468111... Yes. Award A0 for the final mark
— (incorrect Value is wused in| (and full FT is available in
72 decimal value) subsequent parts. subsequent parts)
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Implied marks

Implied marks appear in brackets e.g. (M1),and can only be awarded if correct work is seen or
implied by subsequent working/answer.

Follow through marks (only applied after an error is made)

Follow through (FT) marks are awarded where an incorrect answer from one part of a question is
used correctly in subsequent part(s) (e.g. incorrect value from part (a) used in part (d) or incorrect
value from part (c)(i) used in part (c)(ii)). Usually, to award FT marks, there must be working
present and not just a final answer based on an incorrect answer to a previous part. However, if all
the marks awarded in a subsequent part are for the answer or are implied, then FT marks should be
awarded for their correct answer, even when working is not present.

For example: following an incorrect answer to part (a) that is used in subsequent parts, where the
markscheme for the subsequent part is (M1)A1, it is possible to award full marks for their correct
answer, without working being seen. For longer questions where all but the answer marks are
implied this rule applies but may be overwritten by a Note in the Markscheme.

¢ Within a question part, once an error is made, no further A marks can be awarded for work
which uses the error, but M marks may be awarded if appropriate.

¢ If the question becomes much simpler because of an error then use discretion to award fewer
FT marks, by reflecting on what each mark is for and how that maps to the simplified version.

¢ If the error leads to an inappropriate value (e.g. probability greater than 1, sin& =1.5, non-
integer value where integer required), do not award the mark(s) for the final answer(s).

e The markscheme may use the word “their” in a description, to indicate that candidates may be
using an incorrect value.

¢ If the candidate’s answer to the initial question clearly contradicts information given in the
question, it is not appropriate to award any FT marks in the subsequent parts. This includes
when candidates fail to complete a “show that” question correctly, and then in subsequent parts
use their incorrect answer rather than the given value.

e Exceptions to these FT rules will be explicitly noted on the markscheme.

¢ If a candidate makes an error in one part but gets the correct answer(s) to subsequent part(s),
award marks as appropriate, unless the command term was “Hence”.
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Mis-read

If a candidate incorrectly copies values or information from the question, this is a mis-read (MR). A
candidate should be penalized only once for a particular misread. Use the MR stamp to indicate that
this has been a misread and do not award the first mark, even if this is an M mark, but award all
others as appropriate.

¢ If the question becomes much simpler because of the MR, then use discretion to award
fewer marks.

¢ Ifthe MR leads to an inappropriate value (e.g. probability greater than 1, sin& =1.5, non-integer
value where integer required), do not award the mark(s) for the final answer(s).

e Miscopying of candidates’ own work does not constitute a misread, it is an error.

¢ If a candidate uses a correct answer, to a “show that” question, to a higher degree of accuracy
than given in the question, this is NOT a misread and full marks may be scored in the
subsequent part.

e MR can only be applied when work is seen. For calculator questions with no working and
incorrect answers, examiners should not infer that values were read incorrectly.

Alternative methods

Candidates will sometimes use methods other than those in the markscheme. Unless the question
specifies a method, other correct methods should be marked in line with the markscheme. If the
command term is ‘Hence’ and not ‘Hence or otherwise’ then alternative methods are not permitted
unless covered by a note in the mark scheme.

¢ Alternative methods for complete questions are indicated by METHOD 1,
METHOD 2, efc.

¢ Alternative solutions for parts of questions are indicated by EITHER . . . OR.
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Alternative forms
Unless the question specifies otherwise, accept equivalent forms.

¢ As this is an international examination, accept all alternative forms of notation for example 1.9
and 1,9 or 1000 and 1,000 and 1.000.

¢ Do not accept final answers written using calculator notation. However, M marks and
intermediate A marks can be scored, when presented using calculator notation, provided the
evidence clearly reflects the demand of the mark.

¢ In the markscheme, equivalent numerical and algebraic forms will generally be written in
brackets immediately following the answer.

¢ In the markscheme, some equivalent answers will generally appear in brackets. Not all
equivalent notations/answers/methods will be presented in the markscheme and examiners are
asked to apply appropriate discretion to judge if the candidate work is equivalent.

Format and accuracy of answers

If the level of accuracy is specified in the question, a mark will be linked to giving the answer to the
required accuracy. If the level of accuracy is not stated in the question, the general rule applies to
final answers: unless otherwise stated in the question all numerical answers must be given exactly
or correct to three significant figures.

Where values are used in subsequent parts, the markscheme will generally use the exact value,
however candidates may also use the correct answer to 3 sf in subsequent parts. The markscheme
will often explicitly include the subsequent values that come “from the use of 3 sf values”.

Simplification of final answers: Candidates are advised to give final answers using good
mathematical form. In general, for an A mark to be awarded, arithmetic should be completed, and

any values that lead to integers should be simplified; for example, , /? should be written as %

An exception to this is simplifying fractions, where lowest form is not required (although the

. : 10 o
numerator and the denominator must be integers); for example, ” may be left in this form or

written as % However, ? should be written as 2, as it simplifies to an integer.

Algebraic expressions should be simplified by completing any operations such as addition and
multiplication, e.g. 4e** xe** should be simplified to 4¢>*, and 4e”* xe** —e** xe* should be
simplified to 3e¢’*. Unless specified in the question, expressions do not need to be factorized, nor
do factorized expressions need to be expanded, so x(x+1) and x” + x are both acceptable.

Please note: intermediate A marks do NOT need to be simplified.



10.
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Calculators

A GDC is required for this paper, but If you see work that suggests a candidate has used any
calculator not approved for IB DP examinations (eg CAS enabled devices), please follow the
procedures for malpractice.

Presentation of candidate work

Crossed out work: If a candidate has drawn a line through work on their examination script, or in
some other way crossed out their work, do not award any marks for that work unless an explicit
note from the candidate indicates that they would like the work to be marked.

More than one solution: Where a candidate offers two or more different answers to the same
question, an examiner should only mark the first response unless the candidate indicates
otherwise. If the layout of the responses makes it difficult to judge, examiners should apply
appropriate discretion to judge which is “first”.
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(a) recognition that period = 669 (M1)
b=2" OR 5=0.00939190... A1
669

Note: Award A1 for a correct expression leading to the given value
or for a correct value of b to 4 sf or greater accuracy.

b ~0.00939 AG
[2 marks]

(b) length of day = 24% hours (A1)

Note: Award A7 for % 0.666..., 0.6 or 0.667.

2 (1)
24 =
3
360
Note: .
ote: Accept 24 2
3
=0.255radians (: 0.254723..., ;-:,14.5945...°J A1
[3 marks]
(c) (i) substitution of either value of ¢ into equation (M1)
correct use of arccos to find a value for @ (M1)
Note: Both (M1) lines may be seen in either part (c)(i) or part (c)(ii).
cos ® = 0.839tan (—0.440) A1
w=1.97684...
~1.98 AG
Note: For substitution of 1.98 award MOAO.
[3 marks]
(i) 0=0.440
w=1.16 (1.16474...) A1
[1 mark]

continued...
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Question 1 continued

1.97684...
d i = M1
@ 0 0.25472... (W)
=7.76 hours (7.76075...) A1
Note: Accept 7.70 from use of 1.98.
[2 marks]
iy R. - 1.16474...
0.25472...
=4.57 hours (4.57258...) A1
[1 mark]
Note: Accept 4.55 and 4.56 from use of rounded values.
€ a= 7.76075...;4.57258... 1
~1.59408... A1
Note: Award M1 for substituting their values into a correct expression.
Award A1 for a correct value of a from their expression which has at least
3 significant figures and rounds correctly to 1.6.
~1.6 (correct to 2 sf) AG
[2 marks]
(f) EITHER
oo 7.76075...+4.57258...(: 12.333.‘) )
2 2
OR
c=4.57258...+1.59408... or ¢ =7.76075...—1.59408...
THEN
=6.17 (6.16666...) A1
Note: Accept 6.16 from use of rounded values.
Follow through on their answers to part (d) and 1.6.
[2 marks]
(@) d=18.65-6.16666... (M1)
=12.5 (12.4833..) A1
Note: Follow through for 18.65 minus their answer to part (f).
[2 marks]

continued...
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Question 1 continued

(h) (i) atleast one expression in the form re*"" (M1)
7, = 1 50(0:00930+2.83)i 2, = 1 6el0009390) A1A1
[3 marks]
(i) EITHER

0.00939¢+2.83)i 0.00939¢)i
z, —z, =1.5¢ "I _ gel000%)

_ 000939 (1.562.83i 1 .6) (M1)
_ 000939 (3.06249.“6299086“.i) (A1)(A1)
OR

graphof L or f
p =3.06249... (A1)
r=-0.150729... OR r=2.99086... (M1)(A1)

Note: The p and r variables (or equivalent) must be seen.

THEN

L(¢) = 3.065in (0.00939¢ +2.99) +12.5 A1
(L(t) =3.06248...5in (0.00939¢ +2.99086...) +12.4833...)

Note: Accept equivalent forms, e.g. L(¢) =3.06sin(0.00939¢—0.151)+12.5.
Follow through on their answer to part (g) replacing 12.5.

[4 marks]
(iii)  shortest time between sunrise and sunset
12.4833...-3.06249... (M1)
=9.42 hours (9.420843...) A1
Note: Accept 9.44 from use of 3 sf values.
[2 marks]

[Total 27 marks]
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(@) Use of y° test for independence (M1)

H, : Staying (or leaving) the firm and interview rating are independent.
H, : Staying (or leaving) the firm and interview rating are not independent A1

Note: For H, accept “...are dependent’ in place of “...not independent’.

p-value =0.487 (0.487221...) A2

Note: Award A1 for y* =1.438... if p-value is omitted or incorrect.

0.487 >0.05 R1

(the result is not significant at the 5% level)
insufficient evidence to reject the H, (or “accept H;") A1

Note: Do not award ROA1.
The final R1A1 can follow through from their incorrect p-value

[6 marks]
55
(b) a><18:10.9 (10.8791...) M1A1
Note: Award A1 for anything that rounds to 10.9.
~11 AG
[2 marks]

continued...
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(c) (i) there seems to be a difference between the two departments (A1)

the international department manager seems to be less generous

than the national department manager

R1

Note: The A1 is for commenting there is a difference between the two departments
and the R1 is for correctly commenting on the direction of the difference

[2 marks]
(ii)
M N 0) P Q R
Written assessment
rank 2 3 4 6 7
Manager score
rank 2.5 4.5 2.5 4.5 6 7
(M1)(A1)
Note: Award (M1) for an attempt to rank the data, and (A1) for correct ranks
for both variables. Accept either set of rankings in reverse.
r,=0.909 (0.909241 (M1)A1

Note: The (M1) is for calculating the PMCC for their ranks.

Note: If a final answer of 0.9107 is seen, from use of 1—

Accept —0.909 if one set of ranks has been ordered in reverse.

Ldl), award (M1)(A1)A1.
n(n? -

2
n

(i) EITHER

[4 marks]

there is a (strong) association between the written assessment mark and the

manager scores.

OR

A1

there is a (strong) agreement in the rank order of the written assessment marks and
the rank order of the manager scores.

OR

A1

there is a (strong linear) correlation between the rank order of the written assessment

marks and the rank order of the manager scores.

A1

Note: Follow through on a value for their value of 7, in c(ii).

THEN

the written assessment is likely to be a valid measure (of the level

of employee performance)

R1
[2 marks]

continued...
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Question 2 continued

(d)

(e)

(i) test-retest

(i)  p-value =0.00209 (0.0020939...)

0.00209 < 0.05
(the result is significant at the 5% level)
(there is sufficient evidence to) reject H,

Note: Do not award ROA1. Accept “accept Hy".
The final R1A1 can follow through from their incorrect p-value.

(iii)  the test seems reliable

Note: Follow through from their answer in part (d)(ii). Do not award
if there is no conclusion in d(ii).

i) 25

(i)  probability of significant result given no correlation is 0.05

probability of at least one significant result in 25 tests is

1-0.95”

Note:Award (M1) for use of 1-P (0) or the binomial distribution with
any value of p.

=0.723 (0.722610...)

(i)  (though the result is significant) it is very likely that one significant

result would be achieved by chance, so it should be disregarded
or further evidence sought

A1
[1 mark]

A2
R1

A1

[4 marks]

A1

[1 mark]

A1
[1 mark]

(mM1)

(M1)(A1)

[1 mark]

A1
[4 marks]

R1
[1 mark]

[Total 28 marks]
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Instructions to Examiners

Abbreviations

M  Marks awarded for attempting to use a correct Method.

A Marks awarded for an Answer or for Accuracy; often dependent on preceding M marks.

R Marks awarded for clear Reasoning.

AG Answer given in the question and so no marks are awarded.

Using the markscheme

1 General

Award marks using the annotations as noted in the markscheme eg M1, A2.

2 Method and Answer/Accuracy marks

Do not automatically award full marks for a correct answer; all working must be checked, and
marks awarded according to the markscheme.

It is generally not possible to award MO followed by A1, as A mark(s) depend on the preceding
M mark(s), if any.

Where M and A marks are noted on the same line, e.g. M1A1, this usually means M1 for an
attempt to use an appropriate method (e.g. substitution into a formula) and A7 for using the
correct values.

Where there are two or more A marks on the same line, they may be awarded independently;
so if the first value is incorrect, but the next two are correct, award AOA71A1.

Where the markscheme specifies M2, A3, efc., do not split the marks, unless there is a note.
Once a correct answer to a question or part-question is seen, ignore further correct working.
However, if further working indicates a lack of mathematical understanding do not award the final
A1. An exception to this may be in numerical answers, where a correct exact value is followed by
an incorrect decimal. However, if the incorrect decimal is carried through to a subsequent part,
and correct FT working shown, award FT marks as appropriate but do not award the final A7 in
that part.

Examples
Correct answer seen | Further working seen Action
1. 53 5.65685... Award the final A1
(incorrect decimal value) (ignore the further working)
2, 1 . .
Zsm 4x sin x Do not award the final A1
3. loga—1logh log(a—>b) Do not award the final A1
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Implied marks

Implied marks appear in brackets e.g. (M1), and can only be awarded if correct work is seen or if
implied in subsequent working.

¢ Normally the correct work is seen or implied in the next line.
o Marks without brackets can only be awarded for work that is seen.

Follow through marks (only applied after an error is made)

Follow through (FT) marks are awarded where an incorrect answer from one part of a question is
used correctly in subsequent part(s) or subpart(s). Usually, to award FT marks, there must be
working present and not just a final answer based on an incorrect answer to a previous part.
However, if the only marks awarded in a subpart are for the answer (i.e. there is no working
expected), then FT marks should be awarded if appropriate.

¢ Within a question part, once an error is made, no further A marks can be awarded for work
which uses the error, but M marks may be awarded if appropriate.

¢ If the question becomes much simpler because of an error then use discretion to award fewer
FT marks.

e If the error leads to an inappropriate value (e.g. probability greater than 1, use of r>1 for the
sum of an infinite GP, sind =1.5, non integer value where integer required), do not award the
mark(s) for the final answer(s).

¢ The markscheme may use the word “their” in a description, to indicate that candidates may be
using an incorrect value.

e Exceptions to this rule will be explicitly noted on the markscheme.

¢ If a candidate makes an error in one part, but gets the correct answer(s) to subsequent part(s),
award marks as appropriate, unless the question says hence. It is often possible to use a
different approach in subsequent parts that does not depend on the answer to previous parts.

Mis-read

If a candidate incorrectly copies information from the question, this is a mis-read (MR). Apply a MR
penalty of 1 mark to that question

¢ If the question becomes much simpler because of the MR, then use discretion to award
fewer marks.

e If the MR leads to an inappropriate value (e.g. probability greater than 1, sinf =1.5, non-integer
value where integer required), do not award the mark(s) for the final answer(s).

¢ Miscopying of candidates’ own work does not constitute a misread, it is an error.

e The MR penalty can only be applied when work is seen. For calculator questions with no
working and incorrect answers, examiners should not infer that values were read incorrectly.
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Alternative methods

Candidates will sometimes use methods other than those in the markscheme. Unless the question
specifies a method, other correct methods should be marked in line with the markscheme

¢ Alternative methods for complete questions are indicated by METHOD 1,
METHOD 2, etc.
¢ Alternative solutions for part-questions are indicated by EITHER . . . OR.

Alternative forms
Unless the question specifies otherwise, accept equivalent forms.

¢ As this is an international examination, accept all alternative forms of notation.

¢ In the markscheme, equivalent numerical and algebraic forms will generally be written in
brackets immediately following the answer.

¢ In the markscheme, simplified answers, (which candidates often do not write in examinations),
will generally appear in brackets. Marks should be awarded for either the form preceding the
bracket or the form in brackets (if it is seen).

Accuracy of Answers

If the level of accuracy is specified in the question, a mark will be linked to giving the answer to the
required accuracy. There are two types of accuracy errors, and the final answer mark should not be
awarded if these errors occur.

¢ Rounding errors: only applies to final answers not to intermediate steps.

¢ Level of accuracy: when this is not specified in the question the general rule applies to final
answers: unless otherwise stated in the question all numerical answers must be given exactly or
correct to three significant figures.

Calculators

A GDC is required for this examination, but calculators with symbolic manipulation features/
CAS functionality are not allowed.

Calculator notation
The subject guide says:
Students must always use correct mathematical notation, not calculator notation.

Do not accept final answers written using calculator notation. However, do not penalize the use of
calculator notation in the working.
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(a) }(2 (goodness of fit)

(b) EITHER
because aim is to measure improvement
OR

because the students may be of different ability in the two schools

c) () 0.1875 (accept 0.188, 0.19)

(i) 2.46

Note: Award (M1)AO0 for 2.63.

(d) Hoi there has been no improvement

H,: there has been an improvement

attempt at a one-tailed paired #-test
p-value =0.423

there is no significant evidence that the students have improved

Note: If the hypotheses are not stated award a maximum of AOM1A1RO.

(e) () H03 there is no difference between the schools

H;: school B did better than school A

one-tailed 2 sample ¢-test

p-value = 0.0984

0.0984 > 0.05 (not significant at the 5% level) so do not reject the

null hypothesis

Note: The final A1 cannot be awarded following an incorrect reason.
The final R1A1 can follow through from their incorrect p-value.
Award a maximum of A1(M1)AOR1A1 for p-value = 0.0993.

(i) sample too small for the central limit theorem to apply (and ¢-tests

assume normal distribution)

A1
[1 mark]

R1
[1 mark]

A1

(M1)A1

[3 marks]

A1

(m1)
A1
R1

[4 marks]

A1

(M1)
A1

R1A1

R1
[6 marks]

continued...
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Question 1 continued

(f)

@) Hpi:p=o0
Hl: p>0

Note: Allow hypotheses to be expressed in words.

(9

(h)

p-value = 0.00157

(0.00157 < 0.01) there is a significant evidence of a (linear) correlation

between effort and improvement (so it is reasonable to assume a
linear relationship)

(i)  (gradient of line of regression =) 6.6

Hoi improvement and gender are independent
H11 improvement and gender are not independent

choice of }[2 test for independence

groups first two columns as expected values in first column less than 5

new observed table

(f-p)<0 0<(f-p)<2 (f-p) =2
Male 14 10 9
Female 11 14 8

p-value = 0.581

no significant evidence that gender and improvement are dependent

For example:

larger samples / include data from whole school

take equal numbers of boys and girls in each sample
have a similar range of abilities in each sample

(if possible) have similar ranges of effort

A1

A1

R1

A1
[4 marks]

A1

(M1)
M1

(A1)
A1

R1
[6 marks]

R1R1

Note: Award R1 for each reasonable suggestion to improve the validity of the test.

[2 marks]

Total [27 marks]



(a)

(b)

(c)
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() 2000

(i)  because the value of ilﬂ is positive (for x >0)
t

(i)  substitute x =800, y = 600 into both equations
both equations equal 0
hence an equilibrium point

(i) x=0,y=0

x=2000, y=0, x=0, y=3000

Note: Award M1 for an attempt at solving the system
provided some values of x and y are found.

(0) j%w=jzm

Inx=2t+c¢

Note: Award A7 for RHS, A1 for LHS.

x=¢€‘e
x=Ae* (where A= e")

3t

(i) y=DBe

Note: Allow any letter for the constant term, including A.

(i) x=15, y=18

(M1)A1

R1
[3 marks]

m1

A1
AG

A1
M1A1A1

[6 marks]

m1

A1A1

M1
AG

A1

(M1)A1
[7 marks]

continued...



Question 2 continued

d () x,=x +02 x”0(2000—xn—2yn)

100

Y
=y +02—-(3000-3x, —
yn+l yn 1000( n yn)

Note: Accept equivalent forms.

(i) x=319, y=617

(i)  number of brown squirrels go down to 0,
black squirrels to a population of 3000

(iv) number of brown squirrels go to 2000,
number of black squirrels goes down to 0

(e) (i) AND (ii)

lelcoin

SPEC/5/MATAI/HP3/ENG/TZ0/XX/M

M1A1

(M1)A1A1

A1

A1
[7 marks]

\oco

2000

M1A1A1
[3 marks]

continued...
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Question 2 continued

(f)

loco T

A1A1

Note: Award A1 for a trajectory beginning close to (0, 0) and going to (0, 3000) and A1
for a trajectory beginning close to (0, 0) and going to (2000, 0) in approximately
the correct places.

[2 marks]

Total [28 marks]
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