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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 student 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 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 students may be advantaged for
that specific question item, it is likely that these students 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
i 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 used in (and full FT is available in
72 decimal value) subsequent parts. subsequent parts)




-4 - 2226 -5221M

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.

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).

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

¢ If the student’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 students 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 student 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 student incorrectly copies values or information from the question, this is a mis-read (MR). A
student 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.

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

o 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 students’ own work does not constitute a misread, it is an error.

e If a student 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

Students 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 A1,
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.

¢ 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 student 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 students 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: Students 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

/2 5
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 numerator

10 5
and the denominator must be integers); for example, T may be left in this form or written as E .

1
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. 4¢** 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.

Calculators

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

Presentation of student work

Crossed out work: If a student 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 student indicates that they would like the work to be marked.

More than one solution: Where a student offers two or more different answers to the same question,
an examiner should only mark the first response unless the student 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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(@ () 0.002x6 (A1)
0.012 A1
(i)  attempt to subtract sum of their probabilities from 1 (M1)

1- (0.085 +0.012+0.004+0.002 + 0.001)
0.896 A1
[4 marks]
(b) attempt to multiply probabilities by prize values (M1)
(0.896x0+)0.085x2+0.012x5+0.004x10 +... (A1)
(expectation =) 0.97 or E(X)=-0.03 A1
0.97#1 or E(X)#0 therefore, the game is not fair R1

Note: Award R17 only if their 0.97 #1 or 1-0.97=0.03 or E(X)=-0.03 is seen.

[4 marks]
(c) il 1,0.064 A1
750 (125
[1 mark]
(d) (i) 0.064is not the same as 0.085 R1
(i) any of the following reasons or similar:

experimental probabilities often do not exactly equal theoretical probabilities
the results may be unreliable due to the small sample size
the sample may not be representative of the entire population R1

Note: Small sample size, on its own, is not sufficient. A statement similar to, “only 750 in the
sample means that there is insufficient data to make claims” can be awarded R1.

0.064 and 0.085 do not need to be explicit. A written statement is sufficient

[2 marks]

continued...
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Question 1 continued

(e) (i)

H, : The collected data follows the distribution described by the probabilities

claimed by the lottery company
H,: The collected data does not follow the distribution described by the
probabilities claimed by the lottery company A1

7
T
T
T

T
T

Note: A7 can be awarded for null hypotheses similar to the following:

Do not award A1 for statements such as;

Any statement referring to just the $2 prize probability

Any statement referring to the probabilities being 'the same', 'not different’, 'equal’, or
'correct/incorrect'.

Any statement with 'correlation’, 'independence’, 'association', or 'relationship’

Award A1 only if their H, is the negative (“not”) of their H,,.
Award A0 for correct hypotheses that are reversed.

he probability of winning each prize matches the company’s claim

he observed data fits with the company’s claim

he distribution of prizes is consistent with the company’s stated probabilities
he (observed) data follows the given distribution

he prize probabilities are as expected
he probability of winning a prize is proportional to the company’s claim

(ii)

(iif)

degrees of freedom =3 seen (A1)
evidence of finding expected frequencies (M1)
Prize (USD) 0 2 5 | 10, 100, 500
Expected Frequency | 672 | 63.75 | 9 5.25
(p-value =) 0.117 (0.1 16824...) A1
0.116824...>0.10 R1
There is insufficient evidence to say that the collected data does not follow the distribution
described by the probabilities claimed by the lottery company A1

Note:

Follow through from their p-value if >0.

Award the final A mark only if their conclusions are given in context.
The following, on their own, are not sufficient to award this mark.

Do not reject H,; accept H;; reject H,, .....

The inequality needs to be seen to award the R1.
Do not award ROA1.

[6 marks]
continued...
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Question 1 continued

(f)  Type Il error A1
increase significance level R1
increase sample size

Note: Award the A mark and R mark independently. For each mark, follow through from the

candidate’s conclusion in part (e), provided that conclusion is clear. The error type
identified and the suggested change must each be consistent with that conclusion.
Therefore, AOR1 and ATR0 are possible, but do not award either mark for a statement
that is inconsistent with the candidate’s part (e) conclusion.

[2 marks]
Total [19 marks]



(a)

(b)

(c)
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attempt to find amount monthly salary OR multiply by 4% (M1)
60000+12x0.04
200 USD A1

[2 marks]
evidence of using finance app in GDC (M1)
N =480
1%=9.5
PV =0 (A1)
PMT = 1400
P/Y =12
C/Y=12
2174517 A1

Note: Follow through from (a).
Final answer must be to nearest $
[3 marks]
(i) any one of the following:
the investment account increases at a rate less than 9.5%
her salary decreases
Waldron Industries stop matching her deposits
she works there for less than 40 years/she loses her job R1

(ii)

any one of the following or any reasonable statement as long as a different

assumption than the candidate’s response for part (i):

the investment account increases at a rate more than 9.5%

her salary increases
she works for more than 40 years

R1

Note: Reasons must be explicitly tied to the assumptions in part (b).

Reason given in (c)(ii) must address a different assumption than the one addressed in (c)(i)

[2 marks]

continued...
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Question 2 continued

(d)

N =120

1%=9.5

PV =0

PMT =+400

P/Y=12

C/Y=12

79632.272... seen (A1)

(mM1)

Note: Award M1 for an attempt to find amount of the investment after 10 years, including

attempts using the compound interest formula.
Follow through for incorrect PV seen in part (b)

79632.272 is an intermediate solution. Award A7 for either unrounded value or rounded
to nearest $.

Do not accept 3sf answers. Follow through with 3sf working within this part.

evidence of subtracting 50000 from their 79632.272... (M1)

N =360
1%=9.5

PV =+29632.272...

PMT =+400

P/Y=12

Cl/Y=12

1319773.676... (1319774) seen (A1)

(A1)

Note: Award first A1 for correct list values, regardless of sign.

29632.272... and 1319773.676 are intermediate solutions. Award A1 for either unrounded
value or rounded to nearest $. Do not accept 3sf answers.

If their answer in the first part of (d) is less than 50000, award MOAOAO for any
intermediate answer and A0 for the final mark.

If their answer to the first part of (d) is greater than 50000, award the final A7 below for
correct subtraction of their intermediate answer from their (b).

The final answer must be to nearest $. Do not penalise the unrounded final answer if
already penalised in (b)

FT can be awarded within the question part for the final three marks.

continued...
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Question 2 continued

(Kelley will have) $854743 (854748) less A1
[6 marks]
(e) N=360
1%=9.5
PV =429632.272... (A1)
FV =32000000
P/Y =12
C/Y=12
734.586... (734.588...) seen (A1)
(Kelley will need to increase her monthly deposits by) $335 A1

Note: Award the first A7 for correct values in the list, regardless of sign.

Award the final A7 for deducting their original payment of 400 from their 734.586. Award
A1AOA1TFT for a final answer of $833. Award A0 for deducting 200.

Final answer must be to nearest $. Do not penalise an unrounded final answer if already
penalised in (b) or (d).

If their value after 10 years in part (d) was less than 50000, no marks can be awarded

[3 marks]
Total [16 marks]



(a)

(b)

(c)
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12.5 (hours) A1
[1 mark]
= ﬂ OR = 2_n (M1)
12.5 12.5
b=28.8 OR b=0.502654... (A1)
d(: 57.5+50.5):54 (A1)
2
|a|(: 57.5—50.5):3.5 (A1)
2
w(t) =-3.5 cos(28.8t) +54 or w(t) =-3.5 cos(0.502654t) +54 A1
Note: Condone use of f(x) and x.
Award a maximum of MTA1A1A1A0 for a positive 3.5
Award AOATFT if the values for a and d are reversed.

[5 marks]
setting their w(¢) equal to 53 (M1)
53=-3.5 cos(28.8x) +54
(1=)2.55 (2.54855...) hours A1

Note: For models where the 4 value is positive, or where the water level is above 53 feet at

t=0:

e Award at most M1A0 for an answer of midnight or t = 0.
e Award at most M1A1FT for answers where the student has found the first time when the
water rises above 53 again. For example, if a =3.5 this would be ¢=8.79855...

[2 marks]

continued...
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Question 3 continued

(d) 9.95144...—2.54855... (M1)
7.40 (7.40288...) hours A1

Note: For a function with a negative 3.5, award M1 for subtraction of 2 values for r <12 ,when
w(t) >53.

For a function with positive 3.5, award M1 for the sum of 2 time periods when w(#)>53.

[2 marks]

(e) attempt to find out how many hours it will take the Aimmika to reach the port of Savannah(M1)

550+21

26.1904... hours (A1)

evidence of attempting to find w(7) =53 when ¢ >26.1904... (M1)

t=27.5485... (A1)

(the Aimmika must wait a minimum of) 1.36 (1.35808...)hours OR

81.5 (81.4848...)minutes A1

Note: Award MOAOADO for the final 3 marks for any model where their w(t) >353 at
t=26.1904...

[5 marks]
Total [15 marks]
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(@) 50 (minutes) A1
[1 mark]
(b) attempt to find fraction of 5 minutes or é of hour travelled by hour hand (M1)
50><i OR &XS
60 60
é @,ﬂAl minutes A1
6 L60 12 6
[2 marks]
50 5
c) —x— A1
(©) 12 60 (A1)
2 ﬂ,@ minutes A1
72 144 720
[2 marks]
1 5
d =)— | = A1
@ 5 ()
[1 mark]
(e) recognition of infinite geometric sequence (M1)
correct substitution into infinite geometric sequence formula (A1)
o 50
- L
12
54.5454... seen (A1)
(a=) 32.7 (32.7272...) seconds A1
[4 marks]
(f)  attempt to use arc length formula (M1)
| Note: Award (M1) for 22x or 11x 2z multiplied to anything other than 1. |
correct substitution into arc length formula (A1)
54.5454...
— (2xm(11
62.8 (207:,62.8318...) cm A1
[3 marks]

Total [13 marks]



(a)

(b)

(c)

(d)
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(mean =) 1.92 (1.91666...) A2

evidence of using sample standard deviation (M1)
1.40323... OR 1.39905...

s* =(1.40323...)°
(variance =) 1.97 (1.96906...) A1

Note: The marks for the mean and variance are independent of each other. Award (M1)A0

for the final two marks for a variance of 1.96(1.95734...) seen with or without working.

[4 marks]
(i)  the mean and variance are approximately equal R1
(i)  cars speed independently of each other OR
the number of cars speeding occur at a uniform average rate R1
Note: The assumption must be given in context to award the R71. Do not accept “the data is
independent” or “variables are independent” as they are not in context.
[2 marks]
(i) (2x4x9=)72 seen (A1)
X~ Po(72)
(P(x=75)=)0.0433 (0.0432636...) A1
(i)  attempt to find cumulative probability for their Poisson distribution (M1)
1-P(X <59) OR P(X 260)
0.933 (0.9330473...) A1
[4 marks]
(i)  evidence of finding different values for P(Y< x) for various values of x. (M1)
0.0399541... and 0.0521135... seen (A1)
Note: The complements may also be seen for this A1.
(critical region is) Y <57 OR Y <58 A1
(i) 59>57 R1
therefore, there is insufficient evidence to say that the average number of cars
speeding during school hours has decreased. A1

Note:

Do not award ROA1. The conclusion must be given in context for the final mark. The
context must include some version of 'speeding’ and 'decreased'.

[5 marks]
Total [15 marks]
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(a) setting the two vector equations equal to each other (M1)

any two of the following equations seen: (A1)
1-2=8-104 OR -8-31=-5+6u OR 6+24A=3-2u

A=-2,u=05 (A1)
A=(3,-2, 2) A1

[4 marks]

(b)  attempt to apply formula for the angle between two vectors (M1)

correct expression or value for any dot product or magnitude using any position vector or

direction vector from r, or r, within formula (M1)
cosf=——12__ OR 105.726.. seen OR 1.84528.. seen (A1)
(6=)74.3 (74.2731...") OR (0=)1.30 (1.29631...) radians A1
[4 marks]

(c) -17 8 -10
10 |=|-5|+u| 6 A1

-2 3 -2
u=25 A1
evidence of checking that x =2.5works for all three coordinates R1

Note: It is possible to award ATA71R0. Do not award ATAOR1.

[3 marks]

continued...
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Question 6 continued

(d)

attempt to find direction vector for C%B (M1)
1-4 -17
—-8-34 |—| 10
6+24 -2
18—4
—-18—-341 | seen (A1)
8+24
EITHER
attempt to equate scalar product of their direction vector and the direction vector of / to zero
(M1)
18— 4 -1
—-18-34 |- -31=0
8+21 2
correct expansion of their scalar product (M1)

(18- 2)(=1)+(~18-32)(=3) +(8+22)(2) =0

OR
attempt to find general distance to line /, (M1)

(CB)' =(18=A) +(-18-34) +(8+24)" =912+1042+144>

attempt to take derivative of their general distance and equate to 0 (M1)

104+284=0

THEN

A=-3.71428... (:—zj (A1)

14

substitution of their A back into / (M1)

(4.71,3.14,-1.43) [(4.71428...,3.14285...,—1.42857...) (?%—QD A1
[7 marks]

Total [18 marks]
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(a) attempt to substitute zero in for ¢ (M1)
9216
plr)= 1+6.68¢ '
(0)=1200 fish A1
[2 marks]
(b) setting p(¢) equal to two times their value from part (a) (M1)
9216

2400 =—————

1+ 6.68¢ %"
k=16.8 (16.7708...) weeks A1

Note: Award (M7)A0 for an answer of k=17.1 (17.1062...) for use of 6.68¢™* with or without

working shown.

(c)

(d)

[2 marks]
9220 (9216) fish A1
[1 mark]
() METHOD 1
Rearranging p(t) in preparation of using chain rule (M1)
p(1)=9216(1+6.68¢ ")
p'(1)=(~1)(9216)(1+6.68¢ ")~ (6.68(~0.051)e™**") (A1)(A1)

Note: Award (A1) for (~1)(9216)(1+6.68¢™**") " and (A1) for (6.68(~0.051)e**" ).

3140e " ~3139.70..e %

00511 \ 2 oosr \ 2 A1
(1+6.68e ) (1+6.68e )

(p'(1)=

continued...



Question 7 continued
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METHOD 2
attempt to use quotient rule (M1)
0(1+6.68¢ " )-9216(6.68(~0.051)e**")
p'(t)= — ac (A1)(A1)
(1+6.68:"" )
Note: Award (A1) for correct numerator and (A1) for correct denominator.
, 3140e %" 3139.70...e """
(p (t) :) —0.051¢ 2 = —0.051¢ 2 A1
(1+6.68e ) (1+ 6.68¢ )

(i)  general correct shape of graph A1
axes are appropriately labelled A1
correctly labelled y -intercept AND graph does not extend to <0 A1

p' () (change in population per week)
53.2
t(weeks)
(i) p'(t)>0 for entire graph R1
[8 marks]
(e) t=372 (37.2376...) weeks A1
[1 mark]

Total [14 marks]
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