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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 M0 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 A0A1A1.

• 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 A1 in the first part.

Examples: 

Correct 
answer seen 

Further 
working seen 

Any FT issues? 
Action 

1. 

8 2

5.65685...
(incorrect 

decimal value) 

No.  
Last part in question. 

Award A1 for the final mark 
(condone the incorrect further 
working) 

2. 35

72

0.468111… 
(incorrect 

decimal value) 

Yes.  
Value is used in 
subsequent parts. 

Award A0 for the final mark 
(and full FT is available in 
subsequent parts) 
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3 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. 
 
 
4 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). 

 

• 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. 

 

• 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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5 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. 

 
 
6 Alternative methods 
 

 

• Alternative methods for complete questions are indicated by METHOD 1,  

METHOD 2, etc. 

• Alternative solutions for parts of questions are indicated by EITHER . . . OR. 

 

 

7 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. 

 
  

 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.   
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8 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,
25

4
 should be written as 

5

2
.  An 

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

and the denominator must be integers); for example, 
10

4
may be left in this form or written as 

5

2
. 

However, 
10

5
 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. 2 34e ex x  should be simplified to 54e x , and 2 3 4  4e e e ex x x x −   should be simplified 

to 53e x .  Unless specified in the question, expressions do not need to be factorized, nor do factorized 

expressions need to be expanded, so ( 1)x x+  and 2x x+  are both acceptable. 

 Please note: intermediate A marks do NOT need to be simplified. 
 
9 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. 

 
 
10 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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1. (a) 

  

0.91 0.04 0.06

( ) 0.05 0.95 0.02

0.04 0.01 0.92

 
 

=  
 
 

T  A1A1A1 

Note:  Award A1 for each correct column.  

      [3 marks] 
 

 (b) recognizing the need to calculate 
5

T     (M1) 
 

  5

0.659 0.156 0.219 0.658687... 0.156128... 0.219028...

( ) 0.196 0.792 0.101 0.195559... 0.792469... 0.101208...

0.146 0.0514 0.680 0.145753... 0.0514021... 0.679762...

    
    

=     
    
    

T  (A1) 

 

  selects relevant cell (e.g. 0.219 seen separately)   (M1) 

  21.9%       A1 

Note:  Final answer must be a percentage. Follow through from their T, including the 

transpose. 

       [4 marks] 
 

 (c) attempt to find steady state vector (e.g. raising T to a high power)   (M1) 

  

0.342 0.342342...

0.432 0.432432...

0.225 0.225225...

    
    
    

    
    

    A1 

       [2 marks] 
 

Note:  Award M1A0 if they express steady state vector as 

0.342 0.342 0.342

0.432 0.432 0.432

0.225 0.225 0.225

 
 
 
 
 

 

 
 

 (d) 34.2%       A1 

       [1 mark] 
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 (e) require new steady state vector 

a

b

c

 
 
 
 
 

 such that 0.40a   (seen anywhere)   (R1) 

any correct manipulation of Clover’s entries in T (e.g. complementary increase and  

decrease of 
1,3T  and 

3,3T )    (A1) 

Note:  This A1 can be awarded independently of the R1. 

 

  

0.91 0.04 0.08

( ) 0.05 0.95 0.02

0.04 0.01 0.90

 
 

=  
 
 

T    

 

  

0.403

0.459

0.138

 
 
 
 
 

   

  when C A→  is 13%    A1 

Note: If candidates go on to state 13% - 6% = 7%, then ignore this and award A1.If their 

answer is just ‘7%’ then award A0.  

       [3 marks] 
 

 (f) since 0.459 0.432     R1 

  therefore Bodega will benefit    A1 

Note:  Do not award R0A1. 

       [2 marks] 
 
 (g) Accept any appropriate reason that shows engagement with the scenario. 
  e.g. 
  (Convergence to steady state vector takes a relatively long time and …)  
 
  …during which time either of the three stores may notice a drop/influx of  

customers and change their advertising accordingly, thus changing T .   A1 
 
  …during this time, a fourth (etc.) store could open, impacting the model.   A1 
 
  …during this time, customers may move in and out of the region in a non-consistent rate. A1 
 
 

Note:  ‘Customers may change their minds’ or similar, award A0. 

       [1 mark] 
 

 (h) attempt to apply 1 ( 1)nu u n d= + −     (M1) 

  600 9 30= +   

  870=       A1 

      [2 marks] 
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 (i) 720  seen anywhere   A1 

  720 1.12 30+       A1 

  753.6=      AG 

      [2 marks] 
 

 (j) attempts to sum geometric series with 1.12r =     (M1) 

  
2 5720 30(1.12 1.12 ... 1.12 )+ + + +    (A1) 

  933 (933.455...)=     A1 

       [3 marks] 
 
 (k) METHOD 1 (AS formula from booklet and adapted general formula from part (j)) 
 

  general formula for AS: 600 30( 1)n+ −     (A1) 

  attempt to adapt GS formula (from part (j)) to include “ 5n − ”   (M1) 

  general formula for GS: 

51.12(1.12 1)
720 30

1.12 1

n− −
+  

− 
    (A1) 

 
  EITHER 

  attempts to solve GS −  AS 500=     (M1) 

  17.5052...n =      A1 

Note:  Other correct n  values, depending on original expressions, are 

possible but only differing by an integer. FT within the question. 

 
  OR 
  creates list of both sequences   (M1) 

  1080, 1530.87…  AND 1110, 1661.77…    A1 

Note:  If list method is used, award A1 for the cross-over values clearly stated. 

 
  THEN 

   week 18    A1 

Note:  Award at most (A1)(M1)(A1)(M0)A0A1 for a correct answer with no 
working. 

       [6 marks] 
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  METHOD 2 (general formula from part (j) and adapted AS formula) 

  general formula for GS: 
1.12(1.12 1)

720 30
1.12 1

n −
+  

− 
    (A1) 

  attempt to express AS formula for weeks after fifth week   (M1) 

  general formula for AS: 720 30n+     (A1) 

Note:  The n  values can be offset (e.g 1n−  or 5n − etc.) provided the 

approach is consistent between GS and AS. 

 
  EITHER 

  attempts to solve GS −  AS 500=     (M1) 

  12.5052...n =      A1 

Note:  Other correct n  values, depending on original expressions, are 

possible but only differing by an integer. FT within the question. 

 
  OR 
  creates list of both sequences   (M1) 

  1080, 1530.87…  AND 1110, 1661.77…    A1 

Note:  If list method is used, award A1 for the cross-over values clearly stated. 

 
  THEN 

   week 18    A1 

Note:  Award at most (A1)(M1)(A1)(M0)A0A1 for a correct answer with no 
working. 

       [6 marks] 
 
      [Total: 29 marks] 
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2. (a) ( )P( 55) 0.208737...X  =     (A2) 

  recognizing Binomial distribution   (M1) 

  ( )P( 5) 0.621 (0.621150...)Y  =     A1 

Note:  Award (A2)(M1)A0 for an answer of 0.622 (from use of 0.209). 

      [4 marks] 
 

 (b) ( variance )=

23.7

25
   OR  ( SD 

3.7
)

5
=    (A1)  

  

23.7
~ N 52.0,

25
X

 
 
 

     

     

  P(51 53) 0.823 (0.823417...)X  =     A2 

       [3 marks] 
 

 (c) 0H : 52.0 =     A1 

  
1H : 52.0      A1 

Note:  Accept hypotheses in words if they are clearly expressed and ‘population 

mean’ is referred to. Do not accept 0 0H :  =  unless 0  is explicitly 

defined to be 52.0. 

 

  -value 0.105055p =    A2 

  0.105 0.05      R1 

   therefore there is insufficient evidence to reject 0H    A1 

  (i.e. the population mean weight of eggs is 52.0 g) 

Note:  Follow through within the question for the R1A1, from their p-value seen. 

Award at most A0A0A2R1A0 if hypotheses are omitted or incorrect. 
Award the final A1 only if the null hypothesis is also correct and the 
conclusion is consistent with both the direction of the inequality and the 
alternative hypothesis. 

       [6 marks] 
 
 (d) EITHER 

  52.66 1.5888        A1A1 

Note:  Award A1 for each correct value. Award at most A1A0 if the   is incorrect 
or omitted. 

 
  OR    

  ( )(51.1, 54.2) (51.0712..., 54.2488...)      A1A1 

Note:  Award A1 for each correct end point. Award at most A1A0 if interval 
notation is incorrect or omitted. 

  Allow 51.1 54.2   

       [2 marks] 
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 (e) (i)  paired t-test   A1 

       [1 mark] 
 
  (ii)  EITHER 
   That the differences in weights are normally distributed.   A1 
       OR 
     The weights of eggs from any two chickens are independent.   A1 
       [1 mark] 
 

 (f) 
0H : 0d =    OR 

0 2 1H : 0 − =    A1 

  
1H : 0d     OR 

1 2 1H : 0 −     A1 

 

  -value 0.03377479...p =    A2 

  0.0338 0.05      R1 

  (there is sufficient evidence that) the mean weight of the chickens’ eggs has  
increased following the new feed    A1 

Note:  The conclusion must be in context for the final A1 to be awarded. Follow 

through within the question for the R1A1, from their p-value seen. Award at 

most A0A0A2R1A0 if hypotheses are omitted or incorrect. Do not follow 
through from an incorrect part (e)(i). 

       [6 marks] 
 

 (g) 2.39... (2.391555 )     A1 

       [1 mark] 
 

 (h) an attempt to find 2

Rs  using the given expression and their part (g)   (M1) 

  2 2.391555 3.1789Rs =    

  7.60=       A1 

       [2 marks] 
 
      [Total: 26 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.

• It is generally not possible to award M0 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 A0A1A1.

• 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 A1 in the first part.
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Examples: 
 
 Correct 

answer 
seen 

Further 
working seen 

Any FT issues? 
Action 

1. 
8 2  

5.65685...  
(incorrect 

decimal value) 

No.  
Last part in 
question. 

Award A1 for the final mark 
(condone the incorrect further 
working) 

2. 35
72

  
0.468111… 
(incorrect 

decimal value) 

Yes.  
Value is used in 
subsequent parts. 

Award A0 for the final mark 
(and full FT is available in 
subsequent parts) 

 
 
3 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. 
 
 
4 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 1.5θ = , 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. 
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• 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”.   
 
 
5 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 1.5θ = , 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. 

 
 
6 Alternative methods 
 

 
• Alternative methods for complete questions are indicated by METHOD 1,  

METHOD 2, etc. 
• Alternative solutions for parts of questions are indicated by EITHER . . . OR. 

 
 

7 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.  

 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.   
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• 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. 

 
 
8 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,
25
4

 should be written as 5
2

.  An 

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

and the denominator must be integers); for example, 10
4

may be left in this form or written as 5
2

. 

However, 10
5

 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. 2 34e ex x×  should be simplified to 54e x , and 2 3 4  4e e e ex x x x× − ×  should be simplified 
to 53e x .  Unless specified in the question, expressions do not need to be factorized, nor do factorized 
expressions need to be expanded, so ( 1)x x +  and 2x x+  are both acceptable. 

 Please note: intermediate A marks do NOT need to be simplified. 
 
 
9 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. 
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10. 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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1. (a) (i) any sensible comment, eg:  
   the sample will be more reliable / (likely to be) more representative / valid R1 
   the sample mean is likely to be closer to the population mean [1 mark] 

Note: Do not accept “The sample will be (more) accurate, precise or exact”, or anything 
referring to outliers or SD only. 

 
  (ii) more time consuming / expensive / more open to human error  R1 
    [1 mark] 
 
  

 (b) 7.60      (7.597537...)  (M1)A1 

 
 
   [2 marks] 
(c) any sensible comment, eg:                    R1 

  
  the population standard deviation may be different from the sample  

  these 1−ns  values are only estimates / approximations and the values are too 
close together. 

  standard deviation is not the only measure of spread 

Note: Award R0 if part (b) is not in range 7-7.65 

    [1 mark] 
(d) (i) (the population variances) are the same. A1 

   
 
     [1 mark] 
  (ii) any attempt to compare sample standard deviations or sample variances M1 

  the sample variances/sample standard deviation/ 1−ns  are similar, so 
assumption is plausible. (Therefore Augustin should use a pooled t-test.) R1 

Note: Award R0 if part (b) is not in range 7-8 

    [2 marks] 
 

   continued… 

  

Note: Do not accept anything referring to outliers or SD only 
 

Note: M1 for 7.60 seen anywhere, A1 for correct final answer. 

Note: Must say ‘the same/equal’. ‘Similar’ or ‘close to each other’ is not correct. 
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Question 1 continued.  

 

 (e) (i) 0 : µ µ=A BH  A1 

   1 : µ µ<A BH  A1 

Note: Award A1 for a correct null hypothesis and A1 for choosing the correct tail for their 
alternative hypothesis. Accept correct hypotheses in words, but only if “population” 
is clear.  

Award at most A1A0 if 1µ or 2µ used without definition. 

    [2 marks] 

  (ii)     0.0445       (0.0444586...)  A2 

Note: Accept anything in the range 0.044-0.045 due to rounding issues.  

    [2 marks] 

  (iii) 0.0445 0.05<  R1 
  there is (significant) evidence that the (population) mean of school B is   

higher than the (population) mean of school A   OR   Augustin’s belief is 
supported A1 

Note:  Do not award R0A1.  Do not award the final A1 if the null hypothesis is incorrect or 
the conclusion is not in context. 

    [2 marks] 

 (f) (i) 0 1: 0; : 0ρ ρ= ≠H H  A1A1 

  
 
    
   0.576>r    OR   0.876 0.576>  R1 

Note: Accept 0.576>r  

therefore reject 0H , there is significant evidence of correlation between  

entry exam and final exam results. A1 

Note: Do not award R0A1. Do not award final A1 for just ‘reject 0H ’, there must be some 
interpretation.  
Condone ‘there is evidence of correlation’. Of course, the final two marks can still be 
given if hypotheses were in terms of r. 

    [4 marks] 
  (ii) could use Spearman Rank. A1 
    [1 mark] 
    continued… 

Note: Hypotheses must involve 𝜌𝜌. Hypotheses in terms of r are not correct. In words 
‘population correlation’ is equally valid. 
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Question 1 continued.  

 
 (g) as entry exam results goes up by one, final exam result goes up by 0.37 A1 
 
 
                   [1 mark] 
 
 (h) (i) METHOD 1 
   the exam board model predicts ˆ 0.37 38.7 37.6 51.919= × + =y  M1 

   therefore the improvement is 52.5 51.919 0.581− =  A1 

   so the answer is 0.6 to 1 decimal place.   AG 

    [2 marks] 

  (ii) 0 1: ; :µ µ µ µ= >A B A BH H  A1 

   so the p value is 0.0213   ( )0.0212715...  A1 

Note: First two A1 marks are independent. Hypotheses must clearly be in terms of 
population means. Expressions involving ( )y y Aµ −   or 1µ  are acceptable. 

   since 0.05<p   R1 

 therefore reject 0H ,evidence of higher school value added in School A  A1 

 
 
    [4 marks] 
 (i) school A outperforms school B is supported by the test in part (g)/better added 

value  A1 
  school B outperforms school A is supported by the test in part (e)/higher mean A1 
    [2 marks] 
    Total [28 marks] 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

Note: Statement should clearly be in context. Anything vague about the gradient of the 
regression line is not acceptable. 

Note: ‘Reject 0H ’ alone is not enough. Answer must be in context. 
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2. (a) (i) attempt to use Pythagoras’ theorem (M1) 

   2 212500 6000+  

   13900=  (km)   A1 

Note: Answers to more than 3sf are not appropriate and should be penalised. A1 will 
be given only for 13900km (3sf) or 14000km (nearest 500km). 

 
    [2 marks] 
  (ii) attempt to use an appropriate inverse trig ratio (M1) 

   e.g.
12500arctan
6000

 
 
 

 or 
6000arctan

12500
 
 
 

 

   identifying the correct angle                   (M1)
   

   ( )0 64.4°=    OR   064 (64.3589...)°  A1 

Note: The two method marks can be awarded independently.  The first can come 
from any geometry leading to an inverse trigonometric ratio.  The second 
requires recognizing which angle is the bearing, possibly on a diagram.  64.4 
appearing in intermediate working is not sufficient.  

    [3 marks] 
 
 (b) (i) 0=p.n  M1 

   so the angle is 90°    OR   
π  rads
2

                      A1 

Note: Award M0A0 for an answer of 90 degrees without any mention that the scalar 
product is zero.  

    [2 marks] 
 

  (ii) attempt to use arc length formula θ=s r    OR   90
360

°

 of circumference (M1) 

   
π6000
2

 =  
 

   OR   1 2π 6000
4
× ×  A1 

   3π= thousand km   OR   3000π  km AG 

    [2 marks] 
     

    continued… 
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Question 2 continued 
 

(c) (i) attempt to find cross product (e.g. correct except for sign error)           (M1) 

   
0
36
0

 
 × = − 
 
 

a p   A1 

                         [2 marks]
  (ii) METHOD 1  

  
0
0

36

 
 × =  
 
 

a n  A1 

   choosing to use scalar product for their ×a p  and ×a n  M1 

   ( ) ( ).× × = 0a p a n   A1 

Note: The final A1 can be awarded for seeing the dot product equals zero without 
incorrect working. Follow through from (i) is permitted and if they explicitly state that 
they are using ×a n  then allow internal follow through. 

   so angle is 90°   AG 

                          [3 marks] 
   
   METHOD 2 

   
0
0

36

 
 × =  
 
 

a n  A1 

attempt to use cross product for their ×a p  and ×a n . This must include both an attempt 

to find the cross product and knowledge that sin
x y
x y

θ
×

=  M1 

   ( ) ( )
1296

0
0

 
 × × × =  
 
 

a n a p   OR  ( ) ( )
1296
0
0

− 
 × × × =  
 
 

a p a n   

   1296sin 1
36 36

θ = =
×

 A1 

   so angle is 90°   AG 
     

    continued… 
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Question 2 continued 

 

(d) attempt to use 2π 6
360
θ

× =r    OR   θ=s r   (M1) 

  2π 6 6
360
θ

× × =    OR   6 6 1θ θ= ⇒ =  radian   

  57.2957...θ =   A1 

 

Note: The fourth significant figure must be seen somewhere to award the A1.  

  57.3θ =  to 3 significant figures AG 

                           [2 marks] 
 
      

(e) METHOD 1 
 
EITHER (Scalar product) 

  attempt to use scalar product to find cˆB sOM arc o
 

=   
 

b.m
b m

  (M1) 

Note: This may be written as ( )cos BOM =
b.m
b m

. 

  
( )( )

2

6cos120 6cos57.3
arccos

6

 
 =
 
 

 

 (A1) 

Note: This A1 can be awarded for 2

6cos120 6cos57.3cos
6

θ ×
=

 

. 

  ( )106 105.673 °= =

  OR 1.84 radians (1.84434…) (A1) 

  OR (Cosine Rule) 

  ( ) ( ) ( )2 2 2BM 6sin120 0 6cos120 6sin 57.3 0 6sin 57.3= − + − + −  

  ( )9.56 9.56299...=  OR 9560km  (A1) 

  attempt to use the cosine rule to find angle BOM (M1) 

  2 2 2BM 6 6 2 6 6 cos BOM= + − × × ×  

  ( )BOM 106 105.673 °= =

  OR 1.84 radians (1.84434…) (A1) 

                            continued…  
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 Question 2 continued 

 
  THEN 

  attempt to use  2π
360
θ

× r    OR   θ=s r  (M1) 

  105.671 2π 6
360

= × ×


  

  ( )11.1 11.0660 thousand km=   A1 

Note: Accept an answer of 11100   OR  11066.0  without units (i.e. “km” is implicit). 

                         [5 marks] 
 
    

  METHOD 2 (Cross product) 

  attempt to use cross product to find ˆBOM arcsin
×

=
b m
b m

  (M1) 

Note: This may be written as ˆsin BOM
×

=
b m
b m

. 

     

  

36cos120sin
36sin120sin

36sin120cos
6 6

θ
θ
θ

 
 − 
 
 =

×
 

 
2sin 3 0.962818
2
θ +

= = …   (A1)

      
  ˆBOM 180 arcsin 0.962818= − …   
     
   ( )106  105.673 , 1  .844346 rads= ° …   (A1)
      

  attempt to use 2π
360

rθ
×       OR    s rθ=   (M1)

      
105.671 2π 6

360
= × ×  

  11.1=  (11.0660 thousand km)  A1 
 Note: Award at most (M1)(A1)(A0)(M1)A0 for an answer of 7.78 thousand km from 

finding the principal root of the arcsin.  

    [5 marks] 
    continued… 
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Question 2 continued 

 

 (f) attempt to calculate ×b m   (M1) 

  
36cos120 sin57.3 15.1464
36sin120 sin57.3 26.2344

36sin120 cos57.3 16.8449

  −  
   × = − = −   

       

 

 

 







b m   (A1) 

  attempt to use scalar product to find angle between vectors (M1) 

  ( ) ( ) ( ).
cosθ

 × ×
=   × × 

b m b p
b m b p

  

  ( ) 1090.54...cos
34.6614... 36

θ  =  × 
 (A1)(A1) 

Note: Award (A1) for numerator, (A1) for denominator.  

  bearing is ( ) ( )0 29.1 29.0770...° °  A1 

Note: Do not penalise absence of degree symbol. 

  Award full marks for answer in radians  0.507= .   

  Award full marks for 029° . 

Special Case: If a candidate calculates ×m b  instead of ×b m  then you can award at        
most M1A0M1A1A1A0. 

    [6 marks] 
    Total [27 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.

• It is generally not possible to award M0 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 A0A1A1.

• 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 A1 in the first part.

Examples: 

Correct 
answer seen 

Further 
working seen 

Any FT issues? Action 
1. 

8 2
5.65685...  
(incorrect 

decimal value) 

No.  
Last part in question. 

Award A1 for the final mark 
(condone the incorrect further 
working) 

2. 35
72

0.468111… 
(incorrect 

decimal value) 

Yes.  
Value is used in 
subsequent parts. 

Award A0 for the final mark 
(and full FT is available in 
subsequent parts) 
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3 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. 

4 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 1.5θ = , 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.

• 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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5 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 1.5θ = , 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.

6 Alternative methods 

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

• Alternative solutions for parts of questions are indicated by EITHER . . . OR.

7 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.

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.   
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8 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, 25
4

 should be written as 5
2

.  An 

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

and the denominator must be integers); for example, 10
4

may be left in this form or written as 5
2

. 

However, 10
5

 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. 2 34e ex x×  should be simplified to 54e x , and 2 3 4  4e e e ex x x x× − ×  should be simplified 
to 53e x .  Unless specified in the question, expressions do not need to be factorized, nor do factorized 
expressions need to be expanded, so ( 1)x x +  and 2x x+  are both acceptable. 

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

9 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. 

10. 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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1. (a) (i) 5y =  A1A1 

Note:  Award A1 for y =  a constant, A1 for 5. 

[2 marks] 
(ii) equating the correct lines (M1) 

5 15 2x= −   OR sketch graph

5x = 5y =   OR  ( )5,5 A1 

[2 marks] 
(b) station B A1 

[1 mark] 
(c) nearest neighbour (interpolation) A1 

[1 mark] 
(d) EITHER

because the school is quite close to the other two stations also and their
readings are much higher. R1 

OR 
the reading of 49 is only an average, and hence likely that readings are 
frequently over 50 at the school. R1 

Note:  Ignore any extra invalid reasons. 
[1 mark] 

(e) (i) attempt to find a midpoint (M1) 
5 8 6 9,

2 2
+ + 

 
 
( )6.5,7.5 A1 

[2 marks] 

continued… 
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Question 1 continued 

(ii) gradient is 
9 6 1
8 5
−

=
−

 A1 

gradient of perpendicular bisector is 1−  A1 
substituting their gradient and their mid-point into the equation of a line M1 

( )7.5 1 6.5y x− = − − OR 7.5 1 6.5 c= − × +  

14y x= −  AG 

Note:  : If A1A1M1 have been awarded but there is then incorrect work after the 
final M1 such that the AG does not follow, do not award the final M1. 

[3 marks] 

(iii) attempt to find where this line meets the other two lines (M1) 

( )9,5 A1 

14 15 2x x− = −

( )1,13 A1 

Area 
1 4 8
2

= × × (M1) 

( )216 km= A1 

Note: Award (M1) for any valid method which is completed (for example cosine rule, followed by area of 
triangle formula or using one of the other sides as base and correctly finding the perpendicular height) 
which leads to an answer, even if the answer is not correct due to a calculation error. 

(the side lengths of the triangle are 4, 11.3, 8.94 and the angles 45˚, 18.4˚, 116.6˚) 

[5 marks] 
continued… 

Note:  These two marks are un-implied due to the “hence” in the question. At least one 
needs to be seen for the (M1) to be awarded. 

Note:  Award (M0)A0 for an unsupported answer of 16. 
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Question 1 continued 

(f) attempt to substitute the values into given formula M1 

132 13.7 49 16 125 6.9
16 13.7 6.9

W × + × + ×
=

+ +
A1 

( )94 69 .4 14 .39W = … AG 

[2 marks] 

(g) 0 1: 94.4, : 94.4H Hµ µ= >  A1A1 

Note: Allow the hypotheses in words, but award A0A0 if ‘mean’ is not seen and, at most A1A0 if it is not 
clear that the population mean is being tested  
Accept 94.4µ ≤  for the null hypothesis. 

use of t-test (M1) 

p-value ( )0.0655 0.0655348= … A1 

0.0655 0.10< R1 

(hence reject the null hypothesis or accept the alternative hypothesis)
(there is significant evidence that) the (mean) AQI value (at the school) is 
greater than 94.4 A1 

Note:  Do not award R0A1.   

Follow through from an incorrect p-value to award the last two marks, 

Award A0 for the conclusion if it is not in context or if the null hypothesis is incorrect, 
though condone the errors in language detailed in the first note above.  

[6 marks] 

(h) ( ) ( )P 50 0.00273  0.00272574X < = … (A1) 

( )P 50 365X < × (M1) 

0.994895..=   

1=   A1 

[3 marks] 
Total [ 28 marks] 
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2. (a) 310 million is the maximum no of EVs A1 
OR  

the carrying capacity is 310 million A1 

OR  
the long term behaviour of the system approaches 310 million A1 

Note: ‘Million’ needs to be seen to award the A1. 
[1 mark] 

(b) (i) correct substitution 3100.2
1 e kC −=
+

A1 

correct rearrangement which leads to correct final answer A1 

eg 1 e 1550kC −+ =  OR e 1549kC − =  OR 0.2 e 309.8kC − =  

1549ekC =  AG 

[2 marks] 

(ii) correct substitution 7

3103.1
1 e kC −=
+

A1 

correct first stage of rearrangement   (A1) 

eg 71 e 100kC −+ =  OR 73.1 3.1 e 310kC −+ =  

799e kC = A1 

Note: Allow any correct expression eg  7

99
e kC −= or 7

306.9
3.1e kC −= . 

[3 marks] 

continued… 
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Question 2 continued 

(c) valid method for finding either variable (M1) 

eg graphically or elimination of C , 6 1549e
99

k =

(i) 0.458 (0.458374...)k = A1 

Note: Award at most M1A0 if values other than at 1t =  or 7t =  are used. 

[2 marks] 

(ii) 2450 (2449.74...)C = A1 

Note: Do not award A1FT on a wrong value for 𝑘𝑘 if the method used is not clearly shown. 

Note: Accept 2440 (2443.33...)C =  from substitution of 3 sf value for 𝑘𝑘 in 
799e kC =

Note: Award A0 if values other than at 1t =  or 7t =  are used. 

[1 mark] 

0.458374...

310
1 2449.74...e tN −

 = + 

(d) substitution of 4t =   into their logistic function

0.458374... 4

310
1 2449.74...e

N − ×=
+

(M1) 

0.789606...a =  

Note: If using 3 sf values for k and C: 0.788346...a =  . If using 2440C =  then 0.792a = . 

0.8a =  A1 

Note: The answer must be given correct to 1 decimal place 

[2 marks] 
(e) calculation of a squared residual (M1) 

2 2 2 2 20 0.1 0.2 0.1 0.1+ + + +

sum of square residuals 0.07= A1 

[2 marks] 

continued… 
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Question 2 continued 

 (f) substitution of their values into the error function M1 

Note: For the M1 allow any integer value of n  being substituted, with their sum of square 
residuals. 

0.07 0.118 (0.118321...)
5

E
 

= =  
 

A1 

0.118 0.25<  (so can use the model) R1 

[3 marks] 

(g) number in 2035 is given by value of N when 20t = (A1) 

247 million (246.873…) A1 

Note: Accept 246 million from using 3 sf values for k and C. 

Award (A1)A0 for 247 or 246 without ‘million’. 

If using 19t =   award (A0)A1 for 220 or 221 million. If using 21t =  award (A0)A1 for 267 
million. 

[2 marks] 

(h) multiplication of their model by one of 0.2 or 0.1 M1 

Note: For the M1 ignore any extra incorrect multipliers. 

number of public charging points needed in year t is 

0.458374...

310 0.2 0.1
1 2449.74...e t− × ×
+ 0.458374...

6.2
1 2449.74...e t−

 = + 
(million) OR 

0.458374...

310,000,000 0.2 0.1
1 2449.74...e t− × ×
+ 0.458374...

6, 200,000
1 2449.74...e t−

 = + 
 A1 

[2 marks] 

(i)
0.54 0.22 0.16

2
− = 

 
(million) ( )160,000 A1 

[1 mark] 

continued… 
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Question 2 continued 

(j) attempt to express number of charging points at t as a linear function  (M1) 

linear function passes through ( )5,0.22 or ( )7,0.54 (A1) 

0.22 0.16( 5)t+ −  OR 0.54 0.16( 7)t+ − OR 0.16 0.58t − OR 160,000 580,000t − A1 

Note: Award at most (M1)(A1)A1 for an expression that has the variable in years, for 
example ( )0.22 0.16 2020x+ − .

attempt to solve their ( )0.458374...

6.2 0.22 0.16 5
1 2449.74...e t t− > + −
+

M1 

Note: Accept = in place of  > . 

15.1 (15.1492...)t = (A1) 

Note: Accept 15.1665… from use of 3 sf values for k and C. 

Year is 2031 A1 
[6 marks] 

Total [27 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.

• It is generally not possible to award M0 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 A0A1A1.

• 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 A1 in the first part.
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Examples: 
 
 Correct 

answer 
seen 

Further 
working seen 

Any FT issues? 
Action 

1. 
8 2  

5.65685...  
(incorrect 

decimal value) 

No.  
Last part in 
question. 

Award A1 for the final mark 
(condone the incorrect further 
working) 

2. 35
72

  
0.468111… 
(incorrect 

decimal value) 

Yes.  
Value is used in 
subsequent parts. 

Award A0 for the final mark 
(and full FT is available in 
subsequent parts) 

 
 
3 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. 
 
 
4 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 1.5θ = , 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. 
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• 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”.   

 
 
5 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 1.5θ = , 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. 

 
 
6 Alternative methods 
 

 
• Alternative methods for complete questions are indicated by METHOD 1,  

METHOD 2, etc. 
• Alternative solutions for parts of questions are indicated by EITHER . . . OR. 

 
 
 
 
 
 
 
 
 
 

 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.   
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7 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. 

 
8 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,
25
4

 should be written as 
5
2

.  An 

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

and the denominator must be integers); for example, 
10
4

may be left in this form or written as 
5
2

. 

However, 
10
5

 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. 2 34e ex x×  should be simplified to 54e x , and 2 3 4  4e e e ex x x x× − ×  should be simplified 
to 53e x .  Unless specified in the question, expressions do not need to be factorized, nor do factorized 
expressions need to be expanded, so ( 1)x x +  and 2x x+  are both acceptable. 

 Please note: intermediate A marks do NOT need to be simplified. 
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9 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. 

 
 
10. 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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1. (a) evidence of using the nearest neighbour algorithm (M1) 

  ( )HAED CBH  OR  40 50 60 ...+ + +  

  40 50 60 90 80 85+ + + + +   (A1) 

  upper bound 405=  A1 

    [3 marks] 
 
 
 (b) (i) evidence of using Prim’s algorithm to find MST M1 

   AE, DE, CD, …  OR  50 60 90 ...+ + +   

   AE, DE, CD, BC  OR  50 60 90 80+ + +  A1 

   280=  A1 

Note:  Award at most M1A0A1 for using Prim’s from an incorrect starting point.  
   Award M0A0A1 for obtaining 280 using Kruskal’s or if no working seen. 

    [3 marks] 
 
  (ii) evidence of reconnecting H with two edges to MST  (M1) 

   280 40 70+ +   

   lower bound  390 =  A1 

    [2 marks] 
 
 

 (c) (i) 0.4
   A1 

    [1 mark] 

  (ii)  0.3
   A1 

    [1 mark] 

  (iii)  0.2  

Note: FT from 0.6 – their p . 

    A1 
    [1 mark] 
     

    continued… 
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Question 1 continued. 

 

 (d)  (i) 

1
0
0
0
0

 
 
 
 
 
 
 
 

   A1 
    [1 mark] 
 

  (ii) recognition to find 4T or 4s  (M1) 

 

   4

1 0.1025
0 0.1832
0 0.2162
0 0.2513
0 0.2468

   
   
   
   =
   
   
   
   

T    

 

   0.216  (0.2162) A1 

    [2 marks] 
 

 (iii)  recognition to use 3T  (M1) 
 

  recognition of two cases DD or EE (M1) 
 

  3

0 0.0749
0 0.1274

0.7 0 0.1526
1 0.1736
0 0.1715

    
    
    
    =
    
    

        

T   AND  3

0 0.0276
0 0.0558

0.3 0 0.0636
0 0.0777
1 0.0753

    
    
    
    =
    
    

        

T   A1A1 

 

  ( )0.1736 0.0753 0.249+ =  (0.2489) A1 

    [5 marks] 
     

    continued… 
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Question 1 continued. 

 (e) (i)  attempt to find steady state matrix 

0.104072
0.190045
0.226244
0.235294
0.244343

… 
 … 
 …
 

… 
 … 

  (M1) 

Note:  May be seen in part (e)(ii). 

 

   0.104 (0.104072 )… 23
221

 
 
 

 A1 

    [2 marks] 
 
  (ii) attempt to multiply distances by probabilities from steady state matrix (M1) 
 

   ( )

0.104
0.190

2 40 85 160 100 70 0.226
0.235
0.244

 
 
 
 
 
 
 
 

  (A1) 

   194.298...  

   194  (km)  A1 

Note:  Award (M1)(A1)A0 for 97.1, from omitting the 2. 

    [3 marks] 
    Total [24 marks] 
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2. (a) 722.88    
25

 
 
 

                 A2 

Note:  Award M1A0 for an attempt to calculate mean by hand, leading to an incorrect answer         
e.g values and frequencies must be seen substituted into formula. 

    [2 marks] 
 
 (b) using Poisson distribution with their part (a) as m  (M1) 

  P ( 0)X =  

  0.05613476= … (A1) 

  (0.05613476 50)…×  

  2.81 (2.80673 )= …  A1 

    [3 marks] 
 
 (c) to ensure the expected frequency is greater than 5 R1 

Note: Accept equivalent reasoning, provided it includes “expected” and “5”. 

    [1mark] 
  
 (d) (i) H0: the data can be modelled by a Poisson distribution A1 

Note: Award A0 if they include mean = 2.88. However, in this specific case it is possible to 
award A1 in part (iv). 

    [1 mark] 
 

  (ii) d 3f =  A1 

    [1 mark] 
 
  (iii) Evidence of combining columns for observed frequencies (M1) 
   e.g. 9, 12, 11, 10, 8 

   p-value = 0.843  (0.842640…) A2 

Note: If their d 4f = , then award FT for a p-value of 0.934587… 

 If their d 2f = , then award FT for a p -value of 0.660837… 

 Award M1A1A0 for an answer of 0.84 (2 sf value) or 0.842 (truncated value) 

    [3 marks] 
 

    continued… 
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Question 2 continued. 

 

  (iv)  since p-value > 0.05 R1 

   Insufficient evidence to reject H0, (data can be modelled by a Poisson) A1 
    [2 marks] 

Note:  Award R1 for correctly comparing their p-value to 0.05, and A1 for a consistent conclusion.  

 Do not award final A1 if the null hypothesis is incorrect.  
Do not award R0A1.  
Condone “accept the null hypothesis” or “do not accept the alternative hypothesis”. 

    

 (e)  use of t-test (M1) 

   p-value = 0.0263  (0.0262738…) A1 

   since p-value < 0.05 R1 

   sufficient evidence to reject H0 /  
   there is evidence of a decrease in the population mean AG 

Note:  Award M0A0R0 for use of the z-test (p-value = 0.0170858…) 
  Award a maximum of M1A0R1 for a p-value of 0.026 (only 2 sf) 

    [3 marks] 
 
 (f) (i)  must be positive, A1 

   since 
d 0
d
L
t
>   (and  0L L∞ − > ) R1 

Note:  Do not award A1R0.  
   Accept equivalent reasoning in words, e.g. the growth is positive. 

    [2 marks] 
 
  (ii) 0 A1 

   Since  L L∞→  R1 

Note:  Accept equivalent reasoning in words, e.g. the fish will stop growing. 

    [2 marks] 
     

    continued… 
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Question 2 continued. 

 
  (iii)  EITHER 

   L∞ , since the length decreased A2 

   OR 
   k , not growing as quickly, finite lifespan A2 

Note:   Award A1 for “L, since the length decreased” 

    [2 marks] 
     

 (g)  

   
 
  Award A1 for a concave-up curve which is positive and decreasing  

  Award A1 for a d
d
L
t

-intercept at ( )0k L L∞ − ( condone omission of t coordinate) 

  Award A1 for a horizontal asymptote d 0
d
L
t
=    (accept 0y = ) 

    [3 marks] 
 
    continued… 
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Question 2 continued. 

 
 (h) attempt to separate variables  (M1) 

  1 d dL k t
L L∞

=
−∫ ∫   

  ln L L kt c∞− − = +  A1A1 

Note:  Award A1 for correct integration of RHS including “ c+ ”A1 for correct integration of LHS. 
Accept absence of absolute value, since 0L L∞ − > . 

  attempt to remove ln using e from their integrated equation (M1) 

  e ekt c ktL L A− − −
∞ − = =  

  substitute initial conditions into their integrated equation, to find constant of integration   (A1) 

  0 e ( )cL L A−
∞ − = =  

Note:  The previous two marks may be seen in either order. 

  0( )e ktL L L L −
∞ ∞= − −  A1 

    [6 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.

• It is generally not possible to award M0 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 A0A1A1.

• 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 A1 in the first part.
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Examples: 

Correct 
answer seen 

Further 
working seen 

Any FT issues? Action 
1. 

8 2
5.65685...  
(incorrect 

decimal value) 

No.  
Last part in question. 

Award A1 for the final mark 
(condone the incorrect further 
working) 

2. 35
72

0.468111… 
(incorrect 

decimal value) 

Yes.  
Value is used in 
subsequent parts. 

Award A0 for the final mark 
(and full FT is available in 
subsequent parts) 

3 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. 

4 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 1.5θ = , 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.

• 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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5 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 1.5θ = , 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.

6 Alternative methods 

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

• Alternative solutions for parts of questions are indicated by EITHER . . . OR.

7 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.

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.   
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8 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, 25
4

 should be written as 5
2

.  

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

numerator and the denominator must be integers); for example, 10
4

may be left in this form or 

written as 5
2

. However, 10
5

 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. 2 34e ex x×  should be simplified to 54e x , and 2 3 4  4e e e ex x x x× − ×  should be 
simplified to 53e x .  Unless specified in the question, expressions do not need to be factorized, nor 
do factorized expressions need to be expanded, so ( 1)x x +  and 2x x+  are both acceptable. 

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

9 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. 

10. 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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1. (a) (i) 141 88− A1 
53=  AG 

[1 mark] 

(ii) (120 53 54 ) 13− − = A1 
[1 mark] 

(b) Restricting the size of the sample space to 150 (54 96+   ) (M1) 
54 90.36 ,

150 25
 =  
 

A1 

[2 marks] 

(c) (i) H0: The development of cracks and the technique used are independent
H1: The development of cracks and the technique used are not independent 

A1 
Note:  Condone equivalent statements such as ‘not dependent’ but do not 

accept “uncorrelated” or “not related” in place of “independent”. 
[1 mark] 

(ii) (p-value ) 0.0170  )0 9( .016 864= … (M1)A1 

[2 marks] 

(iii) 0.0170 0.05< R1 

hence there is sufficient evidence to reject the null hypothesis that
the development of cracks and the technique used are independent. A1 

Note: Do not award R0A1.  
[2 marks] 

(d) 96 56 152
240 240
+  = 

 
A1 

19
30

AG 

[1 mark] 
continued… 
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Question 1 continued. 

(e) EITHER

the probability of each component developing cracks is independent of
all the other components in the sample. R1 

Note:  Do not accept the word “independence” on its own.  Appropriate 
context must be seen. 

OR 

the development of cracks can be partitioned into two clear groups R1 

Note:  Do not accept ‘the samples are representative of the population’. 

[1 mark] 

(f) 67 seen (A1) 

EITHER

attempt to find a probability 67≤  (condone strict inequality for (M1) ) (M1) 
)0.054(P ( 67 (9  0.0 9) 0) 54 93X = …≤ A1 

Note:  Award (A1)(M1)A0 for an unsupported 0.0372p = , from use of strict 
inequality. 

0.0549 0.05>   R1 

OR 

attempt to find the critical region  (M1) 

critical region is 66X ≤  A1 

66 67< or  ‘67 is not in the critical region’ R1 

THEN 

EITHER 
do not reject the null hypothesis (as there is insufficient evidence that 
the new technique reduces the number of cracks). A1 

OR 
do not accept the alternative hypothesis (as there is insufficient evidence 
that the new technique reduces the number of cracks). A1 

continued… 
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Question 1 continued. 

Note:  Do not award R0A1.  
Only follow through within part (f) for final R1A1 if the (M1) has been 
awarded. 
Do not condone “accept the null hypothesis”. 

[5 marks] 

(g) (i) the test for a proportion is directional and so considers whether the new
 treatment reduces the number of components developing cracks. R1 

[1 mark] 
(ii) EITHER

there could be variation in the value of p chosen for the null hypothesis /
the value of p from the sample might not be a representative of
the current technique  R1

OR
the test in (f) does not treat minor and major cracks as different attributes /
the test in (c) does treat minor and major cracks as different attributes

R1
OR
the test in (f) has to make an additional assumption (for example ‘independence’) R1

[1 mark] 
continued… 



– 10 – 2224 – 7203M 

Question 1 continued. 

(h) EITHER
let 1µ  be the mean length of time before cracks appear with the new technique
and 2µ  be the mean length with the current technique 
H0: 1 2µ µ=   A1 
H1: 1 2µ µ>   A1 

Note:  Award A1A0 for correct hypotheses in which the two population means 
are not clearly defined (e.g. unsupported 1µ and 2µ ). 

OR 
H0: the POPULATION mean length of time before cracks appear is the same  
for both groups  A1 
H1:the new technique increases the POPULATION mean length of time before 
cracks appear.  A1 

OR 
H0: the mean length of time before cracks appear in ALL components  
made with the new technique is the same as for ALL components made 
 with the current technique. A1 
H1: the mean length of time before cracks appear in ALL components  
made with the new technique is greater than the mean for ALL components 
 made with the current technique. A1 

Note:  Award A1A0 if “population” (or equivalent, such as “all”) is omitted from 
an otherwise correct answer. 

THEN 
recognition of the need to use of a two-sample test (M1) 
p-value 0.0162 0. )3( 0162 28= … A2 

Note:  If not pooled, answer is 0.0164368… award (M1)A2.  

0.0162 0.05<  R1 

reject the null hypothesis (OR accept the alternative hypothesis)  A1 
(there is sufficient evidence to that the new technique increases the mean 
length of time before the cracks appear) 

Note:  Do not award R0A1. 

Follow through within part (h) for the last R1A1, provided their p-value 
is between 0 and 1 inclusive. 

[7 marks] 

continued… 
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Question 1 continued. 

(i) EITHER

(though statistically significant) the new technique only seems to increase the time before
cracks appear by 1 hour out of 250, so it is not a significant increase
(i.e. the effect size is small) R1

OR

the minimum time (not mean time) before cracks appear should be considered
given the context / An appropriate confidence interval should be considered,
and not simply the mean.  R1

 Note:  If a not significant p-value was seen in part (h), do not award R1 for an 
answer of “the result is not significant” in part (i). 

[1 mark] 

[Total 26 marks] 
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2 (a) (i) (34, 4.1) A1A1 
[2 marks] 

(ii) recognizing the sequence is arithmetic, with a
common difference of 0.5 and 1.0 (M1) 
( )30 ( 1) , 2.1 ( 1)0.5n n+ − + − A1A1 

( ( )29 , 1.6 0.5n n= + + )
[3 marks] 

(b) (i) evidence of integration of the acceleration vector OR use of t= +v u a  (M1)

1

29.8
cx
t cy

  
=    − +   





 

29.4cos
29.4sin 9.8

x
y t

θ
θ

    
=    −    





A1A1 

Note:  The first A1  is for x  and the second is for y . 

[3 marks] 

(ii) 90θ =  (A1) 

29.4 9.8 0t− = M1A1 

Note:  Award M1 for setting their y  to zero (may still include θ ), A1 for 
correct equation, leading to given result. 
If they substitute 3t =  award at most (A1)M0A0. 

maximum point when 29.4
9.8

t =

3=   (seconds) AG 
[3 marks] 

(c) correct substitution OR use of correct graph (M1) 
maximum height is 229.4 3 4.9 3× − ×

44.1=  (m) A1 
[2 marks] 

continued… 
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Question 2 continued. 

(d) (i) 229.4sin 4.9 0t tθ − = M1 
6sint θ=   (or 0t = ) A1 

29.4cos 6sinx θ θ= ×   A1 
176.4cos sinθ θ=  AG 

[3 marks] 

(ii) valid method to find maximum (e.g. sketch graph, find derivative) (M1) 
maximum value of x is 88.2 (m) A1 

Note:  Award (M1)A0 for an unsupported answer of “45” or (0.785398...)
4
π . 

[2 marks] 

(e) (i) ( ) 44.1c =  A1 

Note:  follow through from 2c 
[1 mark] 

(ii) EITHER
d 0
d
y
x
=  2 0 0a b⇒ × + =  (M1) 

OR 

vertex is at 0
2
bx
a

= − =  (M1) 

THEN 
0b⇒ = A1 

[2 marks] 

(iii) point ( )88.2,0  used (A1) 
20 88.2 44.1a= × + (M1) 

2

44.1
88.2

a⇒ = −

5 0.0056689...
882

= − = −  A1 

[3 marks] 
Note:  The method for finding the parameters might appear in a different part, 

for example use of ( )88.2,0  might appear in part (ii), or the parts might
not be clearly numbered. Accept any correct working wherever it is 
seen, and ascribe the marks to the correct part. 

continued… 
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Question 2 continued. 

(f) use of their arithmetic sequence from (a)(ii) with 40n = (M1) 
coordinates of seat A40 (69, 21.6)= (A1) 

EITHER

substitution of their 69 into their 25 44.1
882

y x= − +  from part (e) (M1) 

25 69 44.1
882

y = − × +  

17.1 (17.1102...)=  A1 
21.6 17.1>   R1 

OR 

substitution of their y=21.6 into their 25 44.1
882

y x= − +  from part (e) (M1) 

2521.6 44.1
882

x= − +  

63x =  A1 

69 63>  R1 

Note:  Accept equivalent justification in words, provided both values are 
seen.  
Award R1 for correct reasoning only if M1 has been awarded and 
their seat coordinates lie outside their equation for the curve. 

so the T-shirt cannot reach seat A40 AG 
[5 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.

• It is generally not possible to award M0 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 A0A1A1.

• 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 A1 in the first part. Examples:
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 Correct 

answer seen 
Further 
working seen 

Any FT issues? Action 
1. 

8 2  
5.65685...  
(incorrect 

decimal value) 

No.  
Last part in question. 

Award A1 for the final mark 
(condone the incorrect further 
working) 

2. 35
72

  
0.468111… 
(incorrect 

decimal value) 

Yes.  
Value is used in 
subsequent parts. 

Award A0 for the final mark 
(and full FT is available in 
subsequent parts) 

 
 
3 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. 
 
 
4 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 1.5θ = , 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. 
 

• 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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5 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 1.5θ = , 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. 

 
 
6 Alternative methods 

 

 
• Alternative methods for complete questions are indicated by METHOD 1,  

METHOD 2, etc. 
• Alternative solutions for parts of questions are indicated by EITHER . . . OR. 

 
 

7 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. 

  

 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.   
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8 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, 25
4

 should be written as 5
2

.  

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

numerator and the denominator must be integers); for example, 10
4

may be left in this form or 

written as 5
2

. However, 10
5

 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. 2 34e ex x×  should be simplified to 54e x , and 2 3 4  4e e e ex x x x× − ×  should be 
simplified to 53e x .  Unless specified in the question, expressions do not need to be factorized, nor 
do factorized expressions need to be expanded, so ( 1)x x +  and 2x x+  are both acceptable. 

 Please note: intermediate A marks do NOT need to be simplified. 
 
 
9 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. 

 
 
10. 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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1. (a) 70.35a =    OR   70.4 A1 
  73.45b =    OR   73.5 A1 
  5.45c =    A1 

Note:  Follow through within the question from their (labelled) value of b, 
when finding c (applies both if b is incorrect or correct to a different 
level of accuracy).  

[3 marks] 
 
 (b)  EITHER 
  median/average dart score has increased R1 
  OR 
  Darts players are showing (some) improvement R1 
  OR  
  Spread in average dart score has decreased R1 
  OR  
  Players have become more similar R1 

Note:  Answers without context “e.g. the median is higher in year 2” score R0.  
[1 mark] 

 
 (c)  EITHER 
  (difference in averages is approximately) normally distributed R1 

 
  OR 
  the individuals’ changes in mean are independent R1 

 
Note:  Do not award R1 if there is also a reference to variances being pooled / 

equal variances or to independence between the two years or anything 
else which shows a misunderstanding of the test used.  

[1 mark] 
 
 (d) (i) let dµ  represent the mean of the differences from table 1  
   (e.g. column 2-column 1) 
 
   0 dH : 0µ =    A1 
   1 dH : 0µ >     A1 

Note:  Condone an alternative hypothesis of 1 dH : 0µ < , provided it is consistent 
with their subsequent work (e.g. their “differences” are year 1 – year 2).  
Accept hypotheses communicated in words, e.g. “ 0H : there has been no 
change in the mean of the players’ averages”. The word “mean” must be 
seen in any word-based response.   

 Allow 1 2µ µ=  and 2 1µ µ> . 
 Allow a compound null hypothesis (i.e. 0dµ ≤  or equivalent). 
 Condone 0µ =  or 0 0µ =  for null hypothesis and equivalent for alternative 

hypothesis. 
[2 marks] 

 
  (ii) finding/entering differences in ‘means’ across both years (M1) 
   p-value 0.134 (0.133797 )= …  A1 

 [2 marks] 
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  (iii) 0.134 0.1> , R1 
   (so do not reject 0H )  
   there is insufficient evidence to suggest that the darts players’  

averages have increased A1 
Note:  Do not award R0A1.  Award A0 if the conclusion is not in context or if 

the null hypothesis was logically incorrect (i.e. an error of confusing null 
and alternative rather than just an error in communication).  

[2 marks] 
 
 (e)  (i) decrease the significance level A2 

Note:  Award A1 if type I error has been defined (e.g. As rejecting 0H  when 0H  
is true) but correct answer not seen. 
 
Increased sample size is incorrect. 
If more than one answer is given, mark only the first one. 

[2 marks] 
 
  (ii)  increase the sample size / increase the significance level A2 

Note:  Condone “Collect more data”. 
If more than one answer is given, mark only the first one. 

[2 marks] 
 
 (f)  

Year 1 mean Year 2 mean Difference P N 
68.1 70.1 2.0 6  
72.2 72.0 –0.2  1 
65.8 65.0 –0.8  2 
73.7 74.9 1.2 3  
69.8 68.0 –1.8  5 
64.5 68.0 3.5 7  
69.2 70.6 1.4 4  
64.9 92.9 28 8  

  Total 28 8 
 
  (i) 4D =     A1 
   5B =    A1 
   6A = , 7C =  A1 

[3 marks] 
 
  (ii) ( ) 8N∑ =    A1 

[1 mark]  
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 (g) (i)  ( 1H : ) the (population’s) median (three dart average) increased (from year 1 to year 2).

    A1 
[1 mark] 

 
  (ii) ( ) 8T =    A1 

[1 mark] 
 

  (iii)  ( ) 8 5T = >   R1 

Note:  Condone 8 5≥ .  
 
   (so do not reject 0H    (allow ‘accept 0H ’) ) 
   there is insufficient evidence to suggest that the median of the players’ averages  

have increased A1 
Note:  Do not award R0A1.  Award A0 if the conclusion is not in context. 

 
 Nearly anything better than “Do not reject 0H ” will be accepted as being in context.   

[2 marks] 
 
 (h)  EITHER 
  she could repeat the test(s) the following year R1 
  OR 
  she could repeat the test(s) with a different sample (for the same years) R1 
  OR 
  apply test-retest  R1 

Note:  Increasing sample size is NOT a test for reliability. Any reference to this 
would score R0. 

 
[1 mark] 

 
Total [24 marks] 
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2.  (a) attempt to substitute 5, 5x y= =  into either of the given equations (M1) 

Note:  Award M1 for substituting 500, 500x y= = . 

 

  (i) d (5) (5)2(5)
d 2
x
t
= −   

   2.5−  (hundred geese per year) / 250−  (geese per year) A1 
[2 marks] 

 

  (ii) d 3(5) (5) (5)
d
y
t
= − +  

   10  (hundred foxes per year) /  1000 (foxes per year) A1 
 [1 mark] 

 
 (b) (i)  EITHER 

   both d 0
d
x
t
=  and d 0

d
y
t
=  at A   R1 

   OR 
   if 0x =  and 0y =  then there are no foxes or geese, so their  

populations cannot change R1 
Note:  Award R0 for just stating “there are no foxes or geese”. 

[1 mark] 
 

  (ii)  attempt to put d dor
d d
x y
t t
 
 
 

 equal to zero and solve (M1) 

   d 0 2 0
d 2
x yx
t

 = ⇒ − = 
 

,  d 0 ( 3 ) 0
d
y y x
t
= ⇒ − + =  

     
   3p =   (accept 3x = ) A1 
   4q =    (accept 4y = ) A1 

[3 marks] 
 
 (c) (i) attempt to solve by separation of variables (M1) 

   d 2dx t
x
=∫ ∫   

   ln 2x t c= +  (A1)(A1) 
Note:  Award (A1) for each side correct.  
 Award (A1)(A0) if both sides are integrated correctly but +c is not seen. 

Also accept 0.5ln x t c= +    OR   0.5ln 2x t c= + . 
 
   2e tx A=   (accept 2e At cx += ) A1 

[4 marks] 
 
  (ii) 3e ty B −=   (accept 3e Bt cy − += ) A1 

Note:  Accept alternative (distinct) labels for their A and B. 
[1 mark] 
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 (d) (i) METHOD 1 
   attempt to find 3x  and 2y  in terms of t 
   (e.g. any attempt to substitute their solutions to part (c)) 
      M1 
   3 3 6e tx A= ,  2 2 6e ty B −=  
   3 2 3 6 2 6e et tx y A B −= ×  A1 
   3 2A B=   A1 
   k=    AG 

Note:  There will probably be lots of students who assume what is to be proved 
by introducing a k earlier on. Do not penalize this.   

 
   METHOD 2 
   attempting to isolate t   M1 

   2e t x
A

=  and 3e t B
y

=  

   
3

6
3e t x

A
=  OR 

2
6

2e t B
y

=  A1 

   
3 2

3 2

x B
A y

=   A1 

   3 2x y k=   AG 
[3 marks] 

 

  (ii) 3

ky
x

=   (A1) 

    A1A1 
Note:  Award A1 for correct shape (i.e. decreasing, convex and not 

touching axes), A1 for correct direction indicated.  
Ignore any trajectories not in the first quadrant. 
The first A1 can only be implied by a correct graph. 

[3 marks] 
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 (e) attempt to substitute 3x X= + , 4y Y= +  OR , x p X y q Y= + = +  into d 2
d 2
x xyx
t
= −   

      M1 

  12(3 ) (3 )(4 )
2

X X X Y= + − + +   

  16 2 (12 4 3 )
2

X X Y XY= + − + + +   

  36 2 6 2
2 2

XYX X Y= + − − − −   

  = 3
2 2
Y XY

− −   A1 

  The term in XY can be ignored.  R1 
 

  3 3
2 2
Y Y

= − + ≈ −   AG 

Note:  Follow through can be awarded for the M1 and R1 but not the A1. 
[3 marks] 

 

 (f) 
3
20

4 0
− 

=  
 

M   A1 

[1 mark] 
 

 (g) setting 
3
2 0

4
λ

λ
− −

=
−

 (M1) 

Note:  Setting their determinant to zero can be implied by any correct root seen. 
 
  2 6 0λ + =     (A1) 
  i 6λ = ±    OR  2.45  i± (   2.44948 )i± …   OR  noting 2 purely imaginary eigenvalues 
      A1 
  ⇒  ellipse (or circle) R1 

Note:  Accept “closed loops” or “oval” as descriptions of the trajectories. 
Allow follow through for the final R1 from their eigenvalues as long as they are 
either both real or complex conjugates. If there are two real eigenvalues the 
description should be a “node” and if there are two complex eigenvalues the 
description should be a “focus” or a “spiral”. 

[4 marks] 
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 (h)  

 
      A1A1A1 

Note:  Award A1: At least one ellipse, oval or closed loop seen. Allow parts of ellipses 
shown (as in the diagram) as long as at least one complete loop observed. 

 Award A1: Arrows showing correct direction seen on at least one loop.  Must be 
anti-clockwise on a closed loop. 

 Award A1: Ellipses remaining entirely in the 1st quadrant AND centre B marked 
in some way (either directly or via coordinates consistent with their B).  
 
Do not follow through into part 2(h) from part 2(g). 

[3 marks] 
 
 (i) The park-keeper is incorrect A1 
  The phase portrait shows that the trajectory (starting at (5, 5)) is a closed  

loop (around the equilibrium point) (despite having a negative initial dx/dt  

in comparison with large positive d
d
y
t

) R1 

Note:  Do not award A1R0. 
[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.

• It is generally not possible to award M0 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 A0A1A1. If A1 marks are on
separate lines, they are assumed to be dependent and hence A0A1 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 A0A1 (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



 – 4 – 8823 – 7203M 

 

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 A1 in the first part. Examples: 

 

 Correct 
answer seen 

Further 
working seen 

Any FT issues? 
Action 

1. 

8 2  

5.65685...  
(incorrect 

decimal value) 

No.  
Last part in question. 

Award A1 for the final mark 
(condone the incorrect further 
working) 

2. 35

72
  

0.468111… 
(incorrect 

decimal value) 

Yes.  
Value is used in 
subsequent parts. 

Award A0 for the final mark 
(and full FT is available in 
subsequent parts) 

 
 
3 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. 
 
 
4 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). 

 

• 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. 

 

• 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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5 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. 

 

 

6 Alternative methods 
 

 

• Alternative methods for complete questions are indicated by METHOD 1,  

METHOD 2, etc. 

• Alternative solutions for parts of questions are indicated by EITHER . . . OR. 

 

 

7 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. 

 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.   
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8 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,
25

4
 should be written as 

5

2
.  

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

numerator and the denominator must be integers); for example, 
10

4
may be left in this form or 

written as 
5

2
. However, 

10

5
 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. 
2 34e ex x  should be simplified to 

54e x
, and 

2 3 4  4e e e ex x x x −   should be 

simplified to 
53e x

.  Unless specified in the question, expressions do not need to be factorized, nor 

do factorized expressions need to be expanded, so ( 1)x x +  and 2x x+  are both acceptable. 

 Please note: intermediate A marks do NOT need to be simplified. 
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9 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. 

 
 
10. 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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1. (a) (i) 
d d d

d d d

v s v

t t s
=        A1 

   
d

( )
d

s
v

t
=  

   
d d

d d

v v
v

t s
=     AG 

 [1 mark] 

  (ii) 
d

d

v
v g

s
=  

   attempt to separate variables   M1 

   d dv v g s=   

   
2

( )
2

v
gs c= +    A1 

 
   using initial conditions (can be done at any point)   M1 
   50 c=  

   so 2 100v gs= +     A1 

Note: Marks are intentionally unimplied to ensure on-syllabus techniques are used. 

 [4 marks] 
 
  (iii) EITHER 
   attempt to use their part (a)(ii) to find a value of s  when 330v =    (M1) 

   330 2 100gs= +  

 
   therefore 5551.02...s =    A1 
   (5551.02 40000)     

   so (the model does predict) he will reach the speed of sound    A1 
 
   OR 
   attempt to use their part (a)(ii) to find a value of v  when 40000s =    (M1) 

   2 (40000) 100v g= +  

            885 (885.49...)=       A1 

   (885 330)  

   so (the model does predict) he will reach the speed of sound (before 40000s = ) A1 

Note: For the OR method, accept any large s  that leads to 330v = . 

           FT from 2gs  gives 885 (885.437…) for v and 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) (i) ( )v gt c= +   OR   gradient is a constant   (M1) 

   so the graph should be a straight line    A1 
 [2 marks] 

 

  (ii) 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] 

 
 

 (c) (i)  2d

d

v
v g kv

s
= −   

   separating variables   (M1) 

   
2

d d
v

v s
g kv

=
−   

   21
ln( ) ( )

2
g kv s c

k
− − = +  OR  21

ln ( )
2

g kv s c
k

− − = +    (A1) 

       
   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. 

 

   2 2e ksg kv A −− =  

   
2e ksg A

v
k

−−
=  

   applying initial conditions (here or elsewhere)   (M1) 

   100
g A

k

−
=   

   100A g k= −   

   so 

   
2( 100 )e ksg g k

v
k

−− −
=    A1 

 [5 marks] 
 
  (ii) 9.672 9.8 1600k= −    A1A1 

Note: Award A1 for correct left-hand side and A1 for correct right-hand side. 

 

   
9.8 9.672

1600
k

−
=  

    

   58 10k −=      AG 
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Note: Award A1A0 for 58 10k −=  substituted into the right-hand side of the 

expression, leading to 9.672. 

 [2 marks] 
 
 

  (iii) 2, e 0kss −→ →  OR 
d

0
d

v

t
=   OR   graph/table   (M1) 

   max( ) 350
g

v
k

= =    (𝑚𝑠−1)   A1 

 [2 marks] 
 
  (iv) upper limit occurs when 40000s =     (M1) 

Note: The M1 can be implied by 40000 substituted into their part (c)(i). 

 

   1349.7 (ms )−    A1 

Note: Answer must be to 4 sf. 

 [2 marks] 
 
 
 (d) 

1 4000n ns s+ = +     (A1) 

  
14

5

1 6 2

3.98 10
4000 (8 10 )

(6.41 10 )
n n n

n n

v v v
v s

−

+

 
= +  −  

 − 
                                                         (M1)(A1) 

Note: Award (M1) for attempt to use Euler method formula AND dividing through by 
v . 

 
  if 0 10v = , then 𝑣10 = 361  (360.658 … )   A1 

 [4 marks] 
 
 

 (e) (i) Use a smaller step length   R1 
   OR 
   Use a better method such as Runge-Kutta   R1 
   OR   
   (Try to) solve the equation exactly   R1 
 

 [1 mark] 
 

  (ii) 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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2.  (a) (i) 

 
  
  approximately correct shape (decreasing and convex)   A1 
  asymptotic behaviour to the I -axis labelled (e.g. arrow) / 
  equation of asymptote ( 0)p =  seen   A1 

  p -intercept labelled at 1p =  and graph does not extend beyond   A1 

Note: Condone I and p  being labelled as y  and x .  

 Do not award second A1 if y -intercept label is seen. 

 [3 marks] 
 

  (ii)  
d 1

d

I

p p
= −     A1A1 

Note: Award A1 for 
d

d

I

p
 or equivalent (e.g. I  )  and A1 for 

1

p
− .  Do not accept  

d

d

y

x
 for 

the first A1 unless followed by 
1

x
− , which can earn A1A0.  

   (for 0 1p  ) we therefore have 
d

0
d

I

p
    R1 

   hence the function is decreasing   AG 
 [3 marks] 

 
  (iii) 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] 
 

 (b) (i) 
5 1

( )
10 2

=     A1 

 [1 mark] 
 
  (ii) attempt to substitute p = their (b)(i) into lnI p= −     (M1) 

   

   
1

0.693 (0.693147..., ln )
2

 
= −  

 
   A1 

 [2 marks] 
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  (iii) 
9

10
     (A1) 

    

   
9

0.105 (0.105360..., ln )
10

 
= −  

 
   A1 

 [2 marks] 
 

 
 

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

are needed)   M1 

   
1 1 9 9

E( ) ln ln
10 10 10 10

I
   

= − −   
   

   A1 

   0.325 (0.325082...)    AG 

 [2 marks] 
 

  (ii) 
1 1 1 1

E( ) ln ln
2 2 2 2

I
   

= − −   
   

   A1 

   ( )0.693 (0.693147..., ln 2 )    A1 

   0.693 0.325    AG 

 [2 marks] 
 

 (d) (i) ( ) ( )ln 1I p= − −    A1 

 [1 mark] 
 

  (ii) ( )( ) ( ) ( )E ln 1 ln 1I p p p p= − − − −    A1 

 [1 mark] 
 

  (iii) attempt to use graphical method or calculus to maximize ( )E I    M1 

 

 
  

   maximum occurs when 
1

2
p =    A1 

 [2 marks] 
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 (e) (i) ( )
6 1

12 2
x

 
= = 

 
   A1 

 
   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

...
12 11 10 7

       R1 

 [2 marks] 
 
  (ii) EITHER 

   recognition that the sum of the probabilities on the third row of the table equals 1  (M1) 

   e.g. 2 1x y+ =  

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

6

12

 
 
 

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

therefore 
6 1

12 2
y =     (M1) 

 

   
1

4
y =     A1 

 [2 marks] 
 

  (iii) 
1 1 1 1 2 2

ln ln ln
6 6 6 6 3 3

z = − − −     (M1) 

 
   0.868 (0.867563...)=    A1 

 [2 marks] 
 

  (iv) 4 balls on each side because that configuration has the largest E( )I    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 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 M0 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 A0A1A1.

• 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 A1 in the first part. Examples:
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 Correct 
answer seen 

Further 
working seen 

Any FT issues? Action 
1. 

8 2  
5.65685...  
(incorrect 

decimal value) 

No.  
Last part in question. 

Award A1 for the final mark 
(condone the incorrect further 
working) 

2. 35
72

  
0.468111… 
(incorrect 

decimal value) 

Yes.  
Value is used in 
subsequent parts. 

Award A0 for the final mark 
(and full FT is available in 
subsequent parts) 

 
 
3 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. 
 
 
4 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 1.5θ = , 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. 
 

• 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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5 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 1.5θ = , 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. 

 
 
6 Alternative methods 

 

 
• Alternative methods for complete questions are indicated by METHOD 1,  

METHOD 2, etc. 
• Alternative solutions for parts of questions are indicated by EITHER . . . OR. 

 
 

7 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. 

  

 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.   



 – 6 – M23/5/MATHY/HP3/ENG/TZ2/XX/M 

 

8 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, 25
4

 should be written as 
5
2

.  

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

numerator and the denominator must be integers); for example, 
10
4

may be left in this form or 

written as 
5
2

. However, 
10
5

 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. 2 34e ex x×  should be simplified to 54e x , and 2 3 4  4e e e ex x x x× − ×  should be 
simplified to 53e x .  Unless specified in the question, expressions do not need to be factorized, nor 
do factorized expressions need to be expanded, so ( 1)x x +  and 2x x+  are both acceptable. 

 Please note: intermediate A marks do NOT need to be simplified. 
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9 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. 

 
 
10. 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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1. (a)  

 
   
  METHOD 1 

  1 4ˆMHS tan 73.3007... OR 1.27933...
1.2

− = = 
 

  (A1) 

  use of trigonometry to find HA or AS (M1) 

  0.4HA ˆcos MHS
=   AND  0.8AS ˆcos MHS

=  (A1) 

  ( HA 1.39204...=   and AS 2.78408...= ) 

  use of distancetime
speed

=  for either of their distances (M1) 

  time taken AH AS
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. 
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  METHOD 2 
 
  EITHER 
  use of similar triangles to identify either length MA or AN (M1) 

  4
3





 or 8
3




 

  attempt to use Pythagoras for either triangle AMH or ANS (M1) 

  
2

2 2 4AH 0.4  
3

 = +  
 

 AND 
2

2 2 8AS 0.8
3

 = +  
 

 (A1) 

 
  OR 
  attempt to use Pythagoras for larger triangle (M1) 
  2 2 2SH 4  1.2= +  

  2 21AH 4  1.2
3

= +   AND 2 22AS 4  1.2
3

= +  (M1)(A1) 

   
  THEN 
  ( HA 1.39204...=   and AS 2.78408...= ) 

  use of distancetime
speed

=  for either of THEIR distances (M1) 

  time taken AH AS
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) (i) 2 2 2PH 0.4  x= +   AND  2 2 2PS 0.8 (4 )x= + −  A1 

Note: This A1 can be implied by a clear expression for the time in each region 
coming from distance / speed below. 

 

   
PH PS( )
15 5

T x = +  (M1) 

 

   
2 22 2 0.8 (4 )0.4( )

15 5
xxT x

+ −+
= +  A1 

  

   
2 2 2 20.4 3 0.8 (4 )

( )
15

x x
T x

+ + + −
=  AG 

      [3 marks] 
 
  (ii) 

 
  
   correct shape with minimum point nearer 4x =  than 0x =  A1 
   correct (approximate) y-intercept, 0.843… (must be clearly below 1) A1 

      [2 marks] 
 
  (iii) using the GDC, at the minimum 3.72 (3.71898...)x =  A1 

Note:   Do not accept coordinates of the minimum point. 
      [1 mark] 

 
  (iv) finding their ( )T x  for their value of x M1 
   ( ) 0.418946T x = … 
   so time saved ( 38.97712 25.1367= …− …mins) = 14 (mins)  A1 

      [2 marks]  
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 (c) (i) attempt at chain rule M1 

   
2 2 2 2

1 3(4 )( )
15 0.4 0.8 (4 )

x xT x
x x

 −′  = −
 + + − 

 A1A1 

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

      [3 marks] 
 
  (ii) setting their ( ) 0T x′ =   M1 

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

 

   
2 2 2 2

1 3(4 ) 0
15 0.4 0.8 (4 )

x x
x x

 − − =
 + + − 

 

  

   
2 2

3(4 )
0.16 0.64 (4 )

x x
x x

−
=

+ + −
 AG 

      [1 mark] 
 
  (iii) METHOD 1 

   
2

ˆcos HPM
0.16

x
x

=
+

 AND 
2

4ˆcosSPN
0.64 (4 )

x
x

−
=

+ −
 A1 

   substituting in the above equation and rearranging  M1 

   ˆ ˆcos HPM 3cosSPN=  leading to 
ˆcos HPM 153ˆ 5cosSPN

 = =  
 

 

   verifying the result  AG 
 
   METHOD 2 

   
2 2

3(4 )
0.16 0.64 (4 )

x x
x x

−
=

+ + −
 

   attempt to rearrange into a quotient M1 

   
2

2

15 0.163 45
0.64 (4 )

x
x

x
x

  += =  − 
+ −

 

   
ˆcos HPM
ˆcosSPN

=  A1 

   verifying the result AG 
      [2 marks] 
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 (d) METHOD 1 

 
 

  let MJ kmy=  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 0.5 )y=  
  ZK 4 –  1.5 ) km( y= . A1 
  
  attempt to use the result from (c)(iii) at J M1 

  
2 2 2 2

ˆcosHJM (4 1.5 ) 15
ˆ 5cos ZKJ 0.4 (4 1.5 ) 0.6

y y
y y

−
= ÷ =

+ − +
 A1 

Note: Accept ˆcos NJK  in place of ˆcos ZKJ . 
 

  
2 2

3(4 1.5 )
0.16 (4 1.5 ) 0.36

y y
y y

 − =
 + − + 
leading to  

  valid method for solving this equation, eg drawing graphs of both sides  
of the equation, using SOLVER, etc. (M1) 

  solution is 2.53y =     A1 
 
  METHOD 2 
  combining the field into one region with height 0.6 km M1 

  
2

ˆcos HPM
0.36

x
x

=
+

 

  
2

4ˆcosSPN
0.36 (4 )

x
x

−
=

+ −
 A1 

Note: Both expressions, or their ratio, are required for the A1 to be awarded. 
 
  therefore 

  
( )2

2

0.36 4
3

(4 ) 0.36

x x

x x

+ −
=

− +
 A1 

  valid method for solving (M1) 

  attempting to find MJ in terms of x  e.g. 2MJ
3

x=  M1 

  so MJ 2.53=  A1 
      [6 marks] 
      Total [26 marks]  
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2. (a) (i) because the (population) standard deviation(s) are unknown A1 
Note: Ignore any references to sample size. 

      [1 mark] 
 
  (ii) EITHER 
  he has no idea beforehand which way the difference would be  

if there is a difference A1 
 
   OR 
   he is only interested that there is a difference (not the direction) A1 

      [1 mark] 
  
 (b) (i) EITHER 
   0 F GH : µ µ= ; 1 F GH : µ µ≠  A1 
 
   OR 
   0 DH : 0µ = ; 1 DH : 0µ ≠  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 Fµ  
and Gµ ” for either hypothesis or ”There is (no) significant difference between 
marks in French and German”.  

      [1 mark] 
 
  (ii) Generate a third column giving French mark – German mark or  
   German mark – French mark. (M1) 
   e.g. 
    
 
   
    
 
 
 
    p-value = 0.153. A1 

      [2 marks] 
 
  (iii) The p-value gives the probability of seeing the observed difference  

in means (or a larger difference) assuming H0 to be true. A1 
Note: Do not accept “the probability that the data occurs by chance” or similar. 

      [1 mark] 
 
  

French mark German mark Difference 
42 39 3 
65 66 –1 
82 71 11 
… … … 
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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 0H  (accept “accept 0H ”) A1 

Note: Do not award R0A1. 
Remember to FT from part (b)(ii). 
Do not award the final A1 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] 
 
 (c) (i)  0H : 0ρ = ; 1H : 0ρ >  A1 

Note: Condone 0H : 0ρ ≤ . 

      [1 mark] 
 
  (ii) 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 R0A1. 
The final R1A1 should follow through from their p-value.  
Do not award the final A1 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. 

      [4 marks] 
 
 (d) (i) the regression line of German on French is  
   German 10.2393... 0.737495...French= +  (A1) 
   EITHER 
   substituting French 58=  into their regression line  (M1) 
   OR 
   sketch showing regression line and 58x =   (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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  (ii) 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 A0A0. 

      [2 marks] 
 
 (e) (i) EITHER 
   the maximum value of τ  occurs when all pairs are concordant so max 1= +  
   the minimum value of τ  occurs when all pairs are discordant so min 1= −  
      A1 
  
   OR 

   when all concordant ( 1)
2

n nC D −
− = , and when all discordant ( 1)

2
n nC D −

− = −  

      A1 
 
   OR 

   when all concordant ( 1) , 0
2

n nC D−
= =  and when all discordant ( 1)0,

2
n nC D −

= =  

      A1 
 
   THEN 
   hence the range is [ 1, 1]− +  AG 

Note: Accept an answer which is just based on 6n = . 
      [1 mark] 

 
  (ii) 53 76) 41 70) 0( (− − >  A1 
   Hence concordant  AG 

      [1 mark] 
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  (iii) Evidence of a valid method, eg  M1 
   P1: C, D, C, C, C 
   P2 : C, C, C, D 
   P3 : D, C, D  
   P4 : D, C 
   P5 : D 
   P6 : 

Note: At least one pair beyond 1 2( , )P P  needs to be compared to award M1. 

 
   any evidence (a statement or a list) that 15 pairs need to be considered 
      A1 
 
   9, 6C D= =  A1 
  

   using their stated C and D values in given formula with 6n =  M1 

   2(9 6)
6(6 1)

−
−

  OR  9 6
15
−

  

   0.2τ =    AG 
      [4 marks] 

 
 (f) (i) 0H :  There is no (underlying) association (or correlation) between the two sets of marks  
   1H :  There is an (underlying) association (or correlation) between the two sets of marks 
      A1 

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

 
  (ii) τ  does not lie in the critical region   OR    0.2<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 0H  (accept “accept 0H ”) A1 

Note: Do not award R0A1.  
In this question the final A1 mark can be awarded for “fail to reject 0H ” or “accept 0H ” 
even if the hypotheses in (f)(i) are the wrong way round as the critical region is given.  

      [2 marks] 
 
 (g) no    A1  
  because scaling the marks will not affect the concordances/ discordances R1 

Note: Do not award A1R0. 
      [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.

• It is generally not possible to award M0 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 A0A1A1.

• 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 A1 in the first part. Examples:
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 Correct 
answer seen 

Further 
working seen 

Any FT issues? Action 
1. 

8 2  
5.65685...  
(incorrect 

decimal value) 

No.  
Last part in question. 

Award A1 for the final mark 
(condone the incorrect further 
working) 

2. 35
72

  
0.468111… 
(incorrect 

decimal value) 

Yes.  
Value is used in 
subsequent parts. 

Award A0 for the final mark 
(and full FT is available in 
subsequent parts) 

 
 
3 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. 
 
 
4 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 1.5θ = , 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. 
 

• 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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5 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 1.5θ = , 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. 

 
 
6 Alternative methods 

 

 
• Alternative methods for complete questions are indicated by METHOD 1,  

METHOD 2, etc. 
• Alternative solutions for parts of questions are indicated by EITHER . . . OR. 

 
 

7 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. 

  

 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.   
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8 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, 25
4

 should be written as 
5
2

.  

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

numerator and the denominator must be integers); for example, 
10
4

may be left in this form or 

written as 
5
2

. However, 
10
5

 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. 2 34e ex x×  should be simplified to 54e x , and 2 3 4  4e e e ex x x x× − ×  should be 
simplified to 53e x .  Unless specified in the question, expressions do not need to be factorized, nor 
do factorized expressions need to be expanded, so ( 1)x x +  and 2x x+  are both acceptable. 

 Please note: intermediate A marks do NOT need to be simplified. 
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9 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. 

 
 
10. 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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1. (a) C kd=     (M1) 
 

  0.80 0.5k=    OR   0.8
0.5

C
d
=  (A1) 

 
  1.6k =   
 

  1.6C d=    OR   
0.625

dC =  A1 

Note:  For the final A1 do not accept 0.8
0.5

C d=  or a correct equation which does not 

have C as the subject. 
[3 marks] 

  

 (b) 0.96
1.6

d =     M1 

Note:  Award M1 for the substitution of 0.96C =  into a correct equation, 
award M0 for substitution of 0.6d = . 

 
  0.6=     AG 

[1 mark] 
 
 (c) attempt at using Pythagoras M1 
  2 2 2(2 )d h r= +   (A1) 
 

  ( )2 2 21
4

r d h= −    A1 

[3 marks] 
 

 (d) 2 (2 )V r h= π   (A1) 
 

  ( )2 2 (2 )
4

V d h hπ
= −  M1 

Note:  The M1 is for the substitution of their expression for 2r  into their formula for V.  
 

  ( )2 3

2
V d h hπ
= −   AG 

[2 marks] 
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 (e) (i) ( )2 3

2
V d h hπ
= −   

   ( )2 30.6 0.4 0.4
2
π

= × −  (M1) 

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

 

   30.126 (m )   0.12566 , , 0.04
25

 
 π


π
…


=  A1 

[2 marks] 
 

  (ii) ( )30.36
2

V h hπ
= −  M1 

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

   ( )2d 0.36 3 0
d 2
V h
h

π
= − =  A1 

Note:  Award A1 for correct differentiation.  
 

   2 0.36 ( 0.12)
3

h = =   A1 

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

or if 0.12  is substituted into d
d
V
h

. 

 
   0.12h =    AG 

[3 marks] 
 

  (iii) substituting 0.12h =  into equation for V  OR use of graph (M1) 

   (0.36 0.12) 0.12
2

V π
= −  

 
   30.131 (m ) (0.130593..., 0.0416 )π  A1 

[2 marks] 
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 (f) x-coordinate of S is 0.4 (A1) 
  let the y-coordinate be Sy  
  attempt at Pythagoras (M1) 
  2 2 2( 0.2) 0.6 0.4Sy + = −   

  0.2 0.2Sy + =    
  0.247 (0.247213...)Sy =  (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 
  20.295 0.236 0.2y x x= − + +  A2 

 ( 20.295081... 0.236065... 0.2y x x= − + + ) 

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 20.294 0.235 0.2y x x= − + +  obtained from using the 3 sf value of Sy . 

 
  OR 
  20.295( 0.4) 0.247y x= − − +  A2 
  ( 20.295081...( 0.4) 0.247213...y x= − − + ) 

Note:  Award A1 for 0.295− , A2 for completely correct equation. 
[6 marks] 

 

 (g) volume  ( )0.8 22

0
0.295081... 0.236065... 0.2 dx x x= π − + +∫  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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2. (a) 
115

PQ 115
0

→
− 
 =  
 
 

  OR  2 2 2(215 100) ( 197 82) 0− + − + +  (M1) 

Note:  Accept working using “A and B” in place of “P and Q”. 
 
  2 2 2115 115 0+ +   
  163 ( (162.634..., 26450)  km)=  A1 

[2 marks] 
 
 (b) speed of each aircraft = 2 2 2640 640 0+ +   (M1) 
 
  1905 km h 905.096 , 819200)( ) (−= …   OR  1251 ms (251.388...)−  A1 

 [2 marks] 
 

 (c) time to travel 162.634… km is 162.634... (0.179687...)
905.096...

  (M1) 

Note:  Accept 115
640

 from a consideration of the component directions. 

Accept use of the 3 significant figure answer from parts (a) and (b):  
163 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. 
 

[3 marks] 
 

 (d) ( )
100 640

82 640
10.7 0

A t
−   

   = − +   
   
   

r   A1 

[1 mark] 
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 (e) (i) 
(100 640 ) ( 400 140 )

82 640 ) ( 41 604 )
10.7 (9. 2

(
1 )

A C

t t
t t

t

− − − − 
 − + − − + 
 − +

=



−r r   (M1)(A1) 

   
500 500

41 36
1.6 2

t
t

t

− 
 = − + 
 − 

 

 
Note:  Award M1 for an attempt to subtract their Ar  and Cr  in either order, (A1) for a correct 

expression, which does not need to be simplfiied and which may be seen in the line below. 
 
   2 2 2(500 500 ) ( 41 36 ) (1.6 2 )A C t t t− = − + − + + −r r   (M1) 

Note:  Award (M1) for a correct attempt to find the modulus of their A C−r r . 

 
   this is equal to 10 km when 0.983 (0.983441...)t =  and 1.02 (1.01799...)  
      A1A1 

[5 marks] 
 
  (ii) METHOD 1 
   consideration of the vertical component of their A C−r r  from part (e)(i)  M1 
   1.6 2t−   
   0.3 1.6 2 0.3t− < − <  A1 

Note:  Award A1 for relating their expression to 0.3−  and 0.3; accept an equality. 
  
   (0.65 ) 0.95t< <  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 R1 can only be awarded if there is a clear consideration of intervals. 

 
   hence regulations are not broken A1 

Note:  Do not award R0A1. 
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   METHOD 2 
   consideration of the vertical component of their A C−r r  from part (e)(i) M1 
 
   1.6 2t−  
   when 0.983441...t =  the difference in height is 1.6 2 0.983441...− ×   
 

  ( ) 0.366882 km= − …  A1 
 
   EITHER 
   as time increases the vertical displacement between the aircraft also increases 
      R2 
 
   OR 
   when 1.01799...t =  the difference in height is 1.01799...1.6 2− ×   
 
   ( ) 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 t. R1 
Note:  Accept an argument from a graph. 

 
   THEN 
   so regulations are not broken A1 

Note:  Do not award R0A1. 
[5 marks] 

 
 (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 

1243.2 km h− ” OR “it travels anticlockwise when viewed from above” OR 
“it travels clockwise when viewed from below”. 

      [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 1(20 ) (10 )λ λ
→

= − − + + b  
   10 2λ= − +   A1 

[2 marks] 
 
  (ii) 10 2 0λ− + =  (M1) 

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

   
   5λ =    A1 

[2 marks] 
 

  (iii) METHOD 1 

   
20 1 15

RE 5
10 1 15

→ −       
= + =      
      

 (M1) 

 

   2 2

min

RE 15 15 21.2 (21.2132..., 15 2 , 450)
→

= + =  (km) A1 

 
  
 METHOD 2 
 

 2 2RE (20 ) (10 )λ λ
→

= − + +  (M1) 

   
min

RE 21.2 (21.2132..., 15 2 , 450)
→

=  km A1 

[2 marks] 
 
  (iv) consideration of at least two distances from (their) 21.2, 6.4 and 10 M1 
   
   EITHER 
   6.4 10 16.4 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. 
 

• It is generally not possible to award M0 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 A0A1A1. 
 

• 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 A1 in the first part. Examples: 

 
 Correct 

answer seen 
Further 
working seen 

Any FT issues? Action 
1. 

8 2  
5.65685...  
(incorrect 

decimal value) 

No.  
Last part in question. 

Award A1 for the final mark 
(condone the incorrect further 
working) 

2. 35
72

  
0.468111… 
(incorrect 

decimal value) 

Yes.  
Value is used in 
subsequent parts. 

Award A0 for the final mark 
(and full FT is available in 
subsequent parts) 
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3 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. 
 
 
4 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 1.5θ = , 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. 
 

• 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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5 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 1.5θ = , 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. 

 
 
6 Alternative methods 

 

 
• Alternative methods for complete questions are indicated by METHOD 1,  

METHOD 2, etc. 
 

• Alternative solutions for parts of questions are indicated by EITHER . . . OR. 
 
 

  

 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.   
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7 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. 

 
 
8 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 

any values that lead to integers should be simplified; for example, 25
4

 should be written as 5
2

.  

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

numerator and the denominator must be integers); for example, 10
4

 may be left in this form or 

written as 5
2

. However, 10
5

 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. 2 34e ex x×  should be simplified to 54e x , and 2 3 4  4e e e ex x x x× − ×  should be 
simplified to 53e x .  Unless specified in the question, expressions do not need to be factorized, nor 
do factorized expressions need to be expanded, so ( 1)x x +  and 2x x+  are both acceptable. 

 
 Please note: intermediate A marks do NOT need to be simplified. 
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9 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. 

 
 
10. 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”. 

 
 
  



 – 8 – N22/5/MATHY/HP3/ENG/TZ0/XX/M 

 

1. (a) 12 144 , 2.4
5 60

 
 
 

  (M1)A1 

[2 marks] 
 

 (b) 3 144 , 0.6
5 240

 
 
 

  A1 

[1 mark] 
 

 (c) (i) wins 3B 4,
5

 
 
 

   

   P 0) 0.025( 6= =wins  A1 

Note: Allow FT from use of their probability in part (b) but only when used with 4n = . 
 
  (ii) expected frequency 60 0.0256= ×  (M1) 
   1.536=   A1 

 [3 marks] 
 
 (d) (i) H0: data follows a Binomial distribution with 4n =   A1 
 

 (ii) (df 4 1 1 ) 2= − − =  A1 
  
 (iii) p-value 0.954 (0.953872...)=  (M1)A1 
  
 (iv) 0.954 0.05>  R1 
  insufficient evidence to reject H0 A1 

Note: Condone “accept H0”.  Follow through from their p-value in part (d)(iii) if the reasoning 
is correct and correct conclusions are made.  Do NOT award R0A1. 

[6 marks] 
 

 (e) wins 3B 4,
5

 
 
 

    OR  1 0.0256−   (M1) 

  P 1) 0.974 (0.9744)( ≥ =wins  A1 
[2 marks] 
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 (f) (i)  there are 145 transitions that start with Argentina, (M1) 
 

  (of which 85 lead to Argentina winning,) so the probability is 85
145  

 A1 

  17
29

=    AG 

 

  (ii) 

17 31
0.586 0.66029 47

12 16 0.414 0.340
29 47

 
    

=    
     
 

 A1A1 

Note: Accept the transposed matrix as correct. 

Award A1 for 17
29

 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 λ  subtracted from the leading diagonal (M1) 
   equate determinant to zero (M1) 

   

17 31
29 47det 0

12 16
29 47

λ

λ

 − 
= 

 − 
 

  

   17 16 12 31 0
29 47 29 47

λ λ  − − − × =  
  

 A1 

 
  correct intermediate step 
  21363 1263 100 0λ λ− − =   AG 

Note: Do not award A1 if there is no intermediate step leading from determinant to given answer. 

Solving 
x x
y y

λ
   

=   
   

T  for x and y  may be seen and is a valid alternative method. 

Accept working in the form det( ) 0I Tλ − = . 

  (ii) 1001, ( 0.0733675...)
1363

λ = − −    A1 
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  (iii) attempt to solve 
x x
y y

λ
   

=   
   

T  (M1) 

   564
899

y x=   

  eigenvector for 1λ =  is 
1 1

564 0.627
899

      =        

 A1 

 

  eigenvector for 100
1363

λ = −  is 
1
1

 
 − 

 A1 

Note: Allow correct multiples of the eigenvectors. 

 If eigenvector 
1
1

 
 − 

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

then award M0A0A1. 
[7 marks] 

 
 (h) EITHER 

  solution found using 
1 1

564 0.627
899

      =        

 

  564 1
899

x x+ =    (M1) 

  
8990.614 0.614490...,

1463
x  =  

 
 (A1) 

 
  OR 

 
  solution can be found from high power of transition matrix 

  

5017 31
0.614 0.61429 47

12 16 0.386 0.386
29 47

 
   

=   
    
 

  (M1) 

Note: Accept the transposed matrix if consistent with their answer to part (f)(ii). 
 

  probability 8990.614 0.614490...,
1463

 =  
 

 (A1) 

 
  THEN 

  
2

2 899 17P (3 ) 0.614 0.586
1463 29

  = × = ×     
wins  (M1) 

  89590.211 0.211162...,
42427

 =  
 

 A1 

[4 marks] 
[Total: 29 marks]  
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2. (a) attempt to separate variable M1 

  1 d dC k t
C

= −∫ ∫  

 
  ln ( )C kt c= − +   A1 
 
  e ktC A −=   
 
  substituting 0,t C d= =   
  A d=    A1 

Note: To award the A1, 0t =  must be seen. 
 
  e ktC d −=    AG 

[3 marks] 
 
 (b) 0.20.05 e td d −=   (A1) 
  15.0  (14.9786 )…   A1 

[2 marks] 
 
 (c)  EITHER 
  first dose:  when 2t T=  then 0.4

1 e TC d −=  A1 
  second dose:  when t T=  then 0.2

2 e TC d −=  A1 
  third dose:  when 0t =  then 3C d=  A1 
  sum the three doses M1 

Note: A timing of the dose and the expression must be clearly indicted and correct to award A1. 
Condone absence of d for A1A1A1. 

 
  OR 
  considering values of C before and after a dose M1 
  immediately before the second dose, 0.2e TC d −=   
  immediately after the second dose, 0.2e TC d d−= +  A1 
  immediately before the third dose, 0.2 0.2( e ) eT TC d d− −= +  (A1) 
  immediately after the third dose, 0.2 0.2( e ) eT TC d d d− −= + +  A1 
 
  THEN 
   0.2 0.4(1 e e )T TC d − −⇒ = + +  AG 

Note: Do not accept any response using the general formula given before part (d). 
Award M1A1A1A0 if d not included in the final formula. 

[4 marks] 
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 (d)  0.2e Tr −=  and 1u d=  A1 
  correct substitution into geometric series formula A1 
 

  
( )( )0.2

0.2

1 e

1 e

nT

T

d
C

−

−

−
=

−
 

  
0.2

0.2

1 e
1 e

nT

Td
−

−

 −
=  − 

  AG 

[2 marks] 
 
 (e)  (i) as n →∞ , 0.2e 0nT− →    (since 0T > ) (M1) 
 

   0.21 e T

dH∞ −=
−

 A1 

 
  (ii) METHOD 1 
   0.2lim lim e T

n nn n
L H −

→∞ →∞
= ×   (M1)(A1) 

   0.2
0.2 e

1 e
T

T

dL −
∞ −

 =  − 
  OR  0.2e 1T

d
=

−
 A1 

 
   METHOD 2 
   nL  occurs immediately before the th( 1)n +  dose (M1) 

   
0.2

0.2
0.2

1 e e
1 e

nT
T

n TL d
−

−
−

 −
=  − 

 (A1) 

 
   as n →∞ , 0.2e 0nT− →    (since 0T > ) 

   0.2
0.2 e

1 e
T

T

dL −
∞ −

 =  − 
  OR  0.2e 1T

d
=

−
 A1 

[5 marks] 
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 (f) (i)  METHOD 1 

   
0.2

0.2 0.2

e
1 e 1 e

T

T T

d dH L
−

∞ ∞ − −− = −
− −

 M1 

 

   
0.2

0.2

(1 e )
1 e

T

T

d −

−

−
=

−
  A1 

 
   d=     AG 
 
   METHOD 2 

   0.2 0.21 e e 1T T

d dH L∞ ∞ −− = −
− −

  M1 

 

   
0.2 0.2

0.2 0 0.2

e e
e 1 e e

T T

T T

d d d d −

−

− − +
=

− − +
 

 

   
0.2 0.2

0.2 0.2

(e e 2)
e e 2

T T

T T

d −

−

+ −
=

+ −
 A1 

 
   d=     AG 

Note: Award M1A0 for the use of their formulae from part (e).   
 Award M0A0 if at no point n →∞  in their response. 

 
  (ii) EITHER 

   
0.2

0.2

0.2

1 eln ln
e

1 e

T

T

T

d
H

dL
−

∞
−

∞
−

 
   −=   
    − 

 M1 

   0.2ln (e )T=   A1 
   0.2T=   A1 
 
   OR 
   0.2e TH L−

∞ ∞=  (M1) 

   ln 0.2L T
H

∞

∞

 
= − 

 
 A1 

 

   
1

ln 0.2L T
H

−

∞

∞

 
= 

 
 A1 

 
   THEN 

   5ln H T
L

∞

∞

 
= 

 
 AG 

Note: Award M1A0 for the use of their incorrect formulae from part (e).   
 Award M0A0 if at no point n →∞  in their response. 

[5 marks] 
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 (g)  (i) 0.22d =   A1 
 
  (ii) 7.70T =   A1 

Note: Accept 7.7T = . 
[2 marks] 

 
 (h) 0.20.06 0.22e t−=    

  proportion of time 6.49641...
7.702...

=   (M1) 

  84.3%     A1 
[2 marks] 

 
 (i) 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. 
 

• It is generally not possible to award M0 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 A0A1A1. 
 

• 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 A1 in the first part. Examples: 

 

 Correct 
answer seen 

Further 
working seen 

Any FT issues? Action 
1. 

8 2  
5.65685...  
(incorrect 

decimal value) 

No.  
Last part in question. 

Award A1 for the final mark 
(condone the incorrect further 
working) 

2. 35
72

  
0.468111… 
(incorrect 

decimal value) 

Yes.  
Value is used in 
subsequent parts. 

Award A0 for the final mark 
(and full FT is available in 
subsequent parts) 
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3 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. 
 
 
4 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 1.5θ = , 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. 
 

• 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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5 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 1.5θ = , 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. 

 
 
6 Alternative methods 

 

 
• Alternative methods for complete questions are indicated by METHOD 1,  

METHOD 2, etc. 
 
• Alternative solutions for parts of questions are indicated by EITHER . . . OR. 

 
 

  

 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.   
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7 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. 

 
 
8 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 

any values that lead to integers should be simplified; for example, 25
4

 should be written as 5
2

.  

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

numerator and the denominator must be integers); for example, 10
4

 may be left in this form or 

written as 5
2

. However, 10
5

 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. 2 34e ex x×  should be simplified to 54e x , and 2 3 4  4e e e ex x x x× − ×  should be 
simplified to 53e x .  Unless specified in the question, expressions do not need to be factorized, nor 
do factorized expressions need to be expanded, so ( 1)x x +  and 2x x+  are both acceptable. 

 
 Please note: intermediate A marks do NOT need to be simplified. 
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9 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. 

 
 
10. 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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1. (a) (i) mean 4.23 (4.23333 )= …   A1 
 
   variance 4.27 (4.26777...)=  A1 

      [2 marks] 
 
  (ii) mean is close to the variance A1 

      [1 mark] 
 
 (b) 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] 
 
 (c) attempt to find Poisson probabilities and multiply by 90 (M1) 
  7.018a =     A1 
  17.498b =     A1 
   
  EITHER 
  ( )90 P ( 8) 90 1 P ( 7)X X× ≥ = × − ≤  (M1) 
  5.755c =    A1 
 
  OR 
  90 7.018 11.903 16.665 17.498 14.698 10.289 6.173− − − − − − −   (M1) 
  5.756c =     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) (i) 7   A1 
      [1 mark] 

 
  (ii) 0H : The number of bags of rice sold each day follows a Poisson  

 distribution with mean 4.2. A1 
 
   1H : The number of bags of rice sold each day does not follow a  

 Poisson distribution with mean 4.2. A1 

Note:  Award A1A1 for both hypotheses correctly stated and in correct order. Award A1A0 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) 
 
   -value 0.728 (0.728100...)p =  A2 
 
   0.728 (0.728100...) 0.05>  R1 
 

the result is not significant so there is no reason to reject 0H   
(the number of bags sold each day follows a Poisson distribution) A1 

Note:  Do not award R0A1. The conclusion MUST follow through from their hypotheses. If no 
hypotheses are stated, the final A1 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) (i) METHOD 1 
    evidence of multiplying 4.2 60×  (seen anywhere) M1 
   0H : 252µ =   
   1H : 252µ >  A1 

Note:  Accept 0H : 4.2µ =  and 1H : 4.2µ >  for the A1. 

 
   evidence of finding probabilities around critical region (M1) 

Note:   Award (M1) for any of these values seen: 
P ( 277) 0.0630518X ≥ = …   OR   P ( 276) 0.936948X ≤ = …  
P ( 278) 0.0558415X ≥ = …  OR   P ( 277) 0.944158X ≤ = …  
P ( 279) 0.0493055X ≥ = …  OR   P ( 278) 0.950694X ≤ = … . 

 
   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 R0A1. 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 
   0H : 4.2µ =   
   1H : 4.2µ >   A1 
  attempt to find critical value using central limit theorem (M1) 

  (e.g. sample standard deviation 
4.2
60

= , 4.2~ N 4.2,  
60

X
 
  
 

, 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 R0A1. 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] 
 
  (ii) ( )P ( 279 |  252) 0.0493 (0.0493055 )X µ≥ = = …  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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2. (a) 2 2 2AF 89.2 104.9 2(89.2) (104.9)cos83= + −   (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 (11 539) 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 A1A1A1 for all seven 
edges chosen in the correct order. Accept a diagram as an answer, provided 
the order of edges is communicated.  

      [3 marks] 
 

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

 
   total cost = $64 119 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 (13 156) 
  BA (8811)  
  AF (21 310)  
  FD (11 539)  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 A1A1A1 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 = $90 577 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 (10 153)  
  FG (12 606)  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 A1 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) 
  B(2, 0.014)X ∼  
 
  finding the probability that a cable fails (at least one of its connections fails) 
  P ( 0) 0.027804X > =   OR   1 P ( 0) 0.027804X− = =  A1 
 
  recognition that two cables must fail for the network to go offline M1 
  recognition of binomial distribution for network, ~ B(8, 0.027804)Y  (M1) 
  P ( 2) 0.0194 (0.0193602...)Y ≥ =    OR  1 P( 2) 0.0194 (0.0193602 )Y− < = …  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) 
  ~ B(16,  0.014)X  
 
  finding the probability that at least two connections fail 
  P ( 2) 0.0206473X ≥ = …   OR   1 P ( 2) 0.0206473X− < = …  A1 
 
  recognition that the previous answer is an overestimate M1 
 

finding probability of two ends of the same cable failing, ~ B(2, 0.014)F ,  
and the ends of the other 14 cables not failing, ~ B(14,  0.014)S  

  P ( 2) P ( 0) 0.0000160891F S= × = = …  (A1) 
 
  0.0000160891 8 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 
  B(16, 0.014)X ∼   
 
  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) 

  1P ( ) P ( 1) P ( 2)
15

X X= ≤ + × =remains secure  A1 

  0.9806397625=   A1 
  P ( ) 1– 0.9806397625 0.0194 (0.0193602...)= =network fails   A1 
  therefore, the diagram satisfies the requirement since 1.94% 2%<  AG 
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  METHOD 4 
  P ( )network failing   
  1– P (0 ) – P (1 ) = connections failing connection failing   
     – P (2 )connections on the same cable failing    M1  
 
  16 16 15 8 2 14

1 11 0.986 0.014 0.986 0.014 0.986C C= − − × × − × ×    A1A1A1 

Note:  Award A1 for each of 2nd, 3rd 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. 
 

• It is generally not possible to award M0 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 A0A1A1. 
 

• 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 A1 in the first part. Examples: 

 
 Correct 

answer seen 
Further 
working seen 

Any FT issues? Action 
1. 

8 2  
5.65685...  
(incorrect 

decimal value) 

No.  
Last part in question. 

Award A1 for the final mark 
(condone the incorrect further 
working) 

2. 35
72

  
0.468111… 
(incorrect 

decimal value) 

Yes.  
Value is used in 
subsequent parts. 

Award A0 for the final mark 
(and full FT is available in 
subsequent parts) 
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3 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. 
 
 
4 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 1.5θ = , 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. 
 

• 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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5 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 1.5θ = , 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. 

 
 
6 Alternative methods 

 

 
• Alternative methods for complete questions are indicated by METHOD 1,  

METHOD 2, etc. 
 

• Alternative solutions for parts of questions are indicated by EITHER . . . OR. 
 
 

  

 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.   
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7 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. 

 
 
8 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 

any values that lead to integers should be simplified; for example,
25
4

 should be written as 
5
2

.  

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

numerator and the denominator must be integers); for example, 
10
4

 may be left in this form or 

written as 
5
2

. However, 
10
5

 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. 2 34e ex x×  should be simplified to 54e x , and 2 3 4  4e e e ex x x x× − ×  should be 
simplified to 53e x .  Unless specified in the question, expressions do not need to be factorized, nor 
do factorized expressions need to be expanded, so ( 1)x x +  and 2x x+  are both acceptable. 

 
 Please note: intermediate A marks do NOT need to be simplified. 
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9 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. 

 
 
10. 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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1. (a) (i) ( ) 3090 54000 (3094.27... 54042.3...)Q t t t= − −   A1A1 

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

      [2 marks] 
 
  (ii) 0.755   (0.754741…) A1 

      [1 mark] 
 
  (iii) t is 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 d dQ N t
Q

β∫ = ∫   

   ln Q Nt cβ= +  A1A1A1 

Note:  Award A1 for LHS, A1 for Ntβ , and A1 for c+ .  
Award full marks for  e Nt cQ β +=    OR   e NtQ A β= . 
Award M1A1A1A0 for e NtQ β=  

      [4 marks] 
 
  (ii) attempt at exponential regression  (M1) 
   0.292 0.292055... )1.15e ( 1.14864...et tQ Q= =  A1 
   OR 
   attempt at exponential regression  (M1) 
   1.15 1.34 (1.1486 )4... 1.33917...t tQ = × ×  A1 

Note:   Condone answers involving y or x. Condone absence of “Q =” 
Award M1A0 for an incorrect answer in correct format. 

      [2 marks] 
 
  (iii) 0.999 (0.999431...)   A1 

      [1 mark] 
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  (iv) comparing something to do with 2R  and something to do with r  M1 

Note:  Examples of where the M1 should be awarded: 
 2R r>  
 R r>  
 0.999 0.755>  
 20.999 0.755 ( 0.563)> =  
 The “correlation coefficient” in the exponential model is larger. 
 Model B has a larger 2R  
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 2R  and 2r  or R  and r  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) 0.2921.15e 2.3t =    OR   1.15 1.34 2.3t× =    OR   ln 2
0.292

t =    OR   using the model to  

find two specific times with values of ( )Q t  which double M1  
  2.37t =  (days)  A1 

Note:  Do not FT from a model which is not exponential. Award M0A0 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 β  for city X (M1) 

 

  6
0.292055...

2.6 10
β =

×
   OR   6

ln1.33917...
2.6 10

β =
×

 

  71.12328... 10−= ×  A1 
  this is larger than 89.64 10−×  so the virus spreads more easily in city X R1 

Note:  It is possible to award M1A0R1.  
Condone “so the virus spreads faster in city X” for the final R1. 

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

Note:  Award A1A0 if values are correct but not to 1 dp. 
      [2 marks] 

 

 (f) (i) 60.42228 2.5561 10Q Q
Q

−′
= − ×  (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 k  OR that the gradient is k
L

−  (M1) 

   therefore 0.422 (0.422228...)k =   A1 

   62.5561 10k
L

−= ×  

   165000 (165205)L =  A1 

Note:  Accept a value of L of 164843 from use of 3 sf value of k, 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] 
 

  (ii) recognizing that their L is the eventual number of infected (M1) 

   165205... 6.35% (6.35403...%)
2600000

=  A1 

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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2. (a) 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)  

     A1 

Note:  There is no need for a scale / coordinates here. Condone boundaries 
extending beyond the metropolitan area. 

      [1 mark] 
 

 (c) (i) the gradient of IF is 40 20 2
40 30

−
=

−
  (A1) 

   negative reciprocal of any gradient (M1) 

   gradient of perpendicular bisector 1
2

= −   

Note:  Seeing 2
3

−  (for example) used clearly as a gradient anywhere is evidence of the 

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

   midpoint is 40 30 40 20, (35,  30)
2 2
+ +  = 

 
 (A1) 

   equation of perpendicular bisector is 130 ( 35)
2

y x− = − −  A1 

Note:  Accept equivalent forms e.g. 1 95
2 2

y x= − +    or   2 95 0y x+ − = . 

Allow FT for the final A1 from their midpoint and gradient of perpendicular 
bisector, as long as the M1 has been awarded. 

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

   25 , 20
3

 
 
 

  A1 

   (20, 2.5)   A1 
      [4 marks] 

  (iii) 

     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% of 40 is 12  (A1) 
   
  recognizing line intersects bisectors at y c=  (or equivalent) but  (M1) 

different x-values  

  1
3 15
2 2

c x= +   and  2
1 95
2 2

c x= − +  

  finding an expression for the distance in Isaacopolis in terms of one variable (M1) 

  2 1
2 15 8(95 2 ) 100

3 3
c cx x c −

− = − − = −  

  equating their expression to 12 

  8100 0.3 40 12
3
c

− = × =  

  33c =  
  distance 33=  (km) A1 

      [4 marks] 
 
 (e) (i) must be a vertex (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 

   65
3

   OR   21.7   AND   406.25    OR   20.2  

   

   25 , 20
3

 
 
 

  A1 

Note: Award R1M0A0A0 for a vertex written with no other supporting calculations. 
  Award R1M0A0A1 for correct vertex with no other supporting calculations. 

The final A1 is not dependent on the previous A1. There is no follow-through 
for the final A1. 
 
Do not accept an answer based on “uniqueness” in the question. 

      [4 marks] 
 
  (ii) 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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 (f) (i) METHOD 1 
   attempting 3M  M1 
   attempting 4M  M1 
   e.g. 
   last row/column of ( )3 3 5 1 6 0 7=M  

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

Note: Do not award the A1 unless both 3M  and 4M  are considered.   
Award M1M0A0 for a claim that the shortest distance is from T to I 
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 

 
 
   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] 

 
   (ii) it takes 4 days A1 

      [1 mark] 
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  (iii) EITHER 
   the orders of the different vertices are: 
   E 2 
   F 1 
   G 2 
   H 2 
   I 1 
   T 2  (A1) 

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

a correct diagram/graph showing the connections between  
the locations (A1) 

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 at I”   OR   “Start at I and end at F” A1 

Note:  Award A1A0 for “it could start at either F or I”. 
 Award A1A1 for “IGEHTF”   OR   “FTHEGI”. 
 Award A1A1 for “F and I”   OR   “I and F”. 

      [2 marks] 
 

      [Total 27 marks] 
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��,QWHUQDWLRQDO�%DFFDODXUHDWH�2UJDQL]DWLRQ�����

$OO� ULJKWV� UHVHUYHG�� 1R� SDUW� RI� WKLV� SURGXFW� PD\� EH� UHSURGXFHG� LQ� DQ\� IRUP� RU� E\� DQ\�
HOHFWURQLF� RU� PHFKDQLFDO� PHDQV�� LQFOXGLQJ� LQIRUPDWLRQ� VWRUDJH� DQG� UHWULHYDO� V\VWHPV��
ZLWKRXW� WKH� SULRU� ZULWWHQ� SHUPLVVLRQ� IURP� WKH� ,%�� $GGLWLRQDOO\�� WKH� OLFHQVH� WLHG� ZLWK� WKLV�
SURGXFW� SURKLELWV� XVH� RI� DQ\� VHOHFWHG� ILOHV� RU� H[WUDFWV� IURP� WKLV� SURGXFW�� 8VH� E\� WKLUG�
SDUWLHV��LQFOXGLQJ�EXW�QRW�OLPLWHG�WR�SXEOLVKHUV��SULYDWH�WHDFKHUV��WXWRULQJ�RU�VWXG\�VHUYLFHV��
SUHSDUDWRU\�VFKRROV��YHQGRUV�RSHUDWLQJ�FXUULFXOXP�PDSSLQJ�VHUYLFHV�RU�WHDFKHU�UHVRXUFH�
GLJLWDO�SODWIRUPV�DQG�DSS�GHYHORSHUV��ZKHWKHU� IHH�FRYHUHG�RU�QRW�� LV�SURKLELWHG�DQG� LV�D�
FULPLQDO�RIIHQVH�

0RUH� LQIRUPDWLRQ�RQ�KRZ� WR� UHTXHVW�ZULWWHQ�SHUPLVVLRQ� LQ� WKH� IRUP�RI� D� OLFHQVH�FDQ�EH�
REWDLQHG� IURP� KWWSV���LER�RUJ�EHFRPH�DQ�LE�VFKRRO�LE�SXEOLVKLQJ�OLFHQVLQJ�DSSO\LQJ�IRU�D�
OLFHQVH��

��2UJDQLVDWLRQ�GX�%DFFDODXUpDW�,QWHUQDWLRQDO�����

7RXV�GURLWV�UpVHUYpV��$XFXQH�SDUWLH�GH�FH�SURGXLW�QH�SHXW�rWUH�UHSURGXLWH�VRXV�TXHOTXH�
IRUPH� QL� SDU� TXHOTXH� PR\HQ� TXH� FH� VRLW�� pOHFWURQLTXH� RX� PpFDQLTXH�� \� FRPSULV� GHV�
V\VWqPHV� GH� VWRFNDJH� HW� GH� UpFXSpUDWLRQ� G¶LQIRUPDWLRQV�� VDQV� O¶DXWRULVDWLRQ� pFULWH�
SUpDODEOH�GH�O¶,%��'H�SOXV��OD�OLFHQFH�DVVRFLpH�j�FH�SURGXLW�LQWHUGLW�WRXWH�XWLOLVDWLRQ�GH�WRXW�
ILFKLHU�RX�H[WUDLW�VpOHFWLRQQp�GDQV�FH�SURGXLW��/¶XWLOLVDWLRQ�SDU�GHV� WLHUV��\�FRPSULV��VDQV�
WRXWHIRLV�V¶\�OLPLWHU��GHV�pGLWHXUV��GHV�SURIHVVHXUV�SDUWLFXOLHUV��GHV�VHUYLFHV�GH�WXWRUDW�RX�
G¶DLGH� DX[� pWXGHV�� GHV� pWDEOLVVHPHQWV� GH� SUpSDUDWLRQ� j� O¶HQVHLJQHPHQW� VXSpULHXU�� GHV�
IRXUQLVVHXUV�GH�VHUYLFHV�GH�SODQLILFDWLRQ�GHV�SURJUDPPHV�G¶pWXGHV��GHV�JHVWLRQQDLUHV�GH�
SODWHIRUPHV� SpGDJRJLTXHV� HQ� OLJQH�� HW� GHV� GpYHORSSHXUV� G¶DSSOLFDWLRQV�� PR\HQQDQW�
SDLHPHQW�RX�QRQ��HVW�LQWHUGLWH�HW�FRQVWLWXH�XQH�LQIUDFWLRQ�SpQDOH�

3RXU� SOXV� G¶LQIRUPDWLRQV� VXU� OD� SURFpGXUH� j� VXLYUH� SRXU� REWHQLU� XQH� DXWRULVDWLRQ� pFULWH�
VRXV�OD�IRUPH�G¶XQH�OLFHQFH��UHQGH]�YRXV�j�O¶DGUHVVH�KWWSV���LER�RUJ�EHFRPH�DQ�LE�VFKRRO�
LE�SXEOLVKLQJ�OLFHQVLQJ�DSSO\LQJ�IRU�D�OLFHQVH��

��2UJDQL]DFLyQ�GHO�%DFKLOOHUDWR�,QWHUQDFLRQDO������

7RGRV�ORV�GHUHFKRV�UHVHUYDGRV��1R�VH�SRGUi�UHSURGXFLU�QLQJXQD�SDUWH�GH�HVWH�SURGXFWR�
GH�QLQJXQD�IRUPD�QL�SRU�QLQJ~Q�PHGLR�HOHFWUyQLFR�R�PHFiQLFR��LQFOXLGRV�ORV�VLVWHPDV�GH�
DOPDFHQDPLHQWR�\�UHFXSHUDFLyQ�GH�LQIRUPDFLyQ��VLQ�OD�SUHYLD�DXWRUL]DFLyQ�SRU�HVFULWR�GHO�
,%�� $GHPiV�� OD� OLFHQFLD� YLQFXODGD� D� HVWH� SURGXFWR� SURKtEH� HO� XVR� GH� WRGR� DUFKLYR� R�
IUDJPHQWR�VHOHFFLRQDGR�GH�HVWH�SURGXFWR��(O�XVR�SRU�SDUWH�GH�WHUFHURV�²OR�TXH�LQFOX\H��
D�WtWXOR�HQXQFLDWLYR��HGLWRULDOHV��SURIHVRUHV�SDUWLFXODUHV��VHUYLFLRV�GH�DSR\R�DFDGpPLFR�R�
D\XGD� SDUD� HO� HVWXGLR�� FROHJLRV� SUHSDUDWRULRV�� GHVDUUROODGRUHV� GH� DSOLFDFLRQHV� \�
HQWLGDGHV� TXH� SUHVWHQ� VHUYLFLRV� GH� SODQLILFDFLyQ� FXUULFXODU� X� RIUH]FDQ� UHFXUVRV� SDUD�
GRFHQWHV�PHGLDQWH�SODWDIRUPDV�GLJLWDOHV²��\D�VHD�LQFOXLGR�HQ�WDVDV�R�QR��HVWi�SURKLELGR�
\�FRQVWLWX\H�XQ�GHOLWR�

(Q� HVWH� HQODFH� HQFRQWUDUi� PiV� LQIRUPDFLyQ� VREUH� FyPR� VROLFLWDU� XQD� DXWRUL]DFLyQ� SRU�
HVFULWR� HQ� IRUPD� GH� OLFHQFLD�� KWWSV���LER�RUJ�EHFRPH�DQ�LE�VFKRRO�LE�SXEOLVKLQJ�OLFHQVLQJ�
DSSO\LQJ�IRU�D�OLFHQVH��
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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 
 

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

x It is generally not possible to award M0 followed by A1, as A mark(s) depend on the preceding 
M mark(s), if any.   

x 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. 

x 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 A0A1A1. 

x Where the markscheme specifies A3, M2 etc., do not split the marks, unless there is a note.   
x The response to a “show that” question does not need to restate the AG line, unless a Note 

makes this explicit in the markscheme. 
x 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. 

x 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 A1 in the first part. Examples: 

 
 Correct 

answer seen 
Further 
working seen 

Any FT issues? Action 
1. 

8 2  
5.65685...  
(incorrect 

decimal value) 

No.  
Last part in question. 

Award A1 for the final mark 
(condone the incorrect further 
working) 

2. 35
72

  
0.468111… 
(incorrect 

decimal value) 

Yes.  
Value is used in 
subsequent parts. 

Award A0 for the final mark 
(and full FT is available in 
subsequent parts) 
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3 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. 

 
 

4 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.  

  
x 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.   

 
x 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.  

 
x If the error leads to an inappropriate value (e.g. probability greater than 1, sin 1.5T  , non-

integer value where integer required), do not award the mark(s) for the final answer(s). 

 
x The markscheme may use the word “their” in a description, to indicate that candidates may be 

using an incorrect value.   

 
x 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. 

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

 
x 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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5 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. 

 

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

 
x If the MR leads to an inappropriate value (e.g. probability greater than 1, sin 1.5T  , non-integer 

value where integer required), do not award the mark(s) for the final answer(s). 

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

 
x 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. 

 
x 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. 

 
 
6 Alternative methods 
 

 
x Alternative methods for complete questions are indicated by METHOD 1,  

METHOD 2, etc. 

x Alternative solutions for parts of questions are indicated by EITHER . . . OR. 

 
 

  

 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.   
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7 Alternative forms 
 

 Unless the question specifies otherwise, accept equivalent forms. 
 

x 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 .  

 
x 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.  

 
x In the markscheme, equivalent numerical and algebraic forms will generally be written in 

brackets immediately following the answer. 

 
x 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. 

 
8 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, 25
4

 should be written as 5
2

.  

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

numerator and the denominator must be integers); for example, 10
4

may be left in this form or 

written as 5
2

. However, 10
5

 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. 2 34e ex xu  should be simplified to 54e x , and 2 3 4  4e e e ex x x xu � u  should be 
simplified to 53e x .  Unless specified in the question, expressions do not need to be factorized, nor 
do factorized expressions need to be expanded, so ( 1)x x �  and 2x x�  are both acceptable. 

 Please note: intermediate A marks do NOT need to be simplified. 
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9 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. 

 
 
10. 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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1. (a)  e.g. ABCDEGHFA A1 
Note: Accept any other correct answers starting at any vertex. 

 
 (b) (i)  7 vertices, so 6 edges required for MST (M1) 

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

Order 
selected 

Edge  

1 BC  
2 CD  
3 DE M1 
4 BH A1 
5 GH  
6 FG A1 

 
Note: Award M1 for the first three edges in correct order, A1 for BH in correct order 

and A1 for all of the edges correct. 
 
   weight of MST = 33 A1 

Note: The final A1 can be awarded independently of previous marks. 
 
  (ii) lower bound = 33 3 x� �   (M1) 
   36 x �    A1 
 
 (c)  (i)  13p     A1 
 
  (ii) 17q     A1 
 
  (iii) 14r     A1 
 
 (d)  (i) attempt to 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. 

 
  (ii) 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 x or  (M1) 
   hence least value of 19x    A1 
 
  (ii) 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 
  13x      A1 

Note: Award M1A0M0A1A1 if only pairing BD and GH is considered, leading to a 
correct answer. 
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2. (a)  (i)  ( ) 0.134 3.1h t t � �   A1A1 

Note: Award A1 for an equation in h and t and A1 for the coefficient 
0.134�  and constant 3.1. 

 
  (ii)  EITHER 
   the rate of change of height (of water in metres per minute) 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 
      A1 
 
  (iii)  EITHER 
   unreliable to use h on t equation to estimate t A1 
 
   OR 
   unreliable to extrapolate from original data A1 
 
   OR 
   rate of change (of height) might not remain constant (as the water drains out) 
      A1 
 
 (b) (i) 2( ) 0.002 0.174 3.2h t t t � �   A1 
 
  (ii)  20.002 0.174 3.2 0t t� �   (M1) 
   26.4  (26.4046…) A1 
 
  (iii)  EITHER 
   (0 ) 26.4td d   ( 26.4046...)t d  A1 
 
   OR 
   (0 ) 20td d  (due to range of original data / interpolation) A1 
 

continued… 
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Question 2 continued 

 (c)  2(1)V h S    (A1) 
  EITHER 

  

d d
dt dt
V h
 S    M1 

  OR
 

  attempt to use chain rule M1 

   d d d
d d d
h h V
t V t
 u

 
  THEN  

 

  2d 1 70560
d
h R h
t
 u�S
S

  A1 

  2d 70560
d
h R h
t
 �

 
AG 

 
 (d)  attempt to separate variables M1 

  21 d d
70560

h R t
h

 �³ ³   A1 

  22
70560
h

R t c � �   A1A1 

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

  � �270560
2

h c R t �  A1 

Note: Award the final A1 for any correct intermediate step that clearly leads 
to the given equation. 

  
  � �2217640h c R t �

 
AG 

 
 (e)  20  3.2 17640t c �   (M1) 
  0.0134687...c     (A1) 
  substituting 0h   and their non-zero value of c (M1) 

  2 2

0.0134687...
0.023

cT
R

    

  25.5  (minutes)   (25.4606…) A1 
 
 (f)  20    h c R t �   
  20.023 15 ( 0.007935)c  u     (A1) 
  2 20 17640(0.023 15)t h �  u      (M1) 
  1.11h   (metres)  (1.11068…) A1 
 

 continued… 
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Question 2 continued 

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

   � �2 2d 35280 0.0134687...
d
h R R t
t
 � �   (M1)(A1) 

   so � �2 2 2d 35280 0.0135 70560
d
H R R t R H
t
 � �   M1A1 

   � �d 18.6631... 0.0134687... 0.000529 0.000529 70560
d
H t H
t

§ · � �¨ ¸
© ¹

 

   d 0.251367... 0.0987279... 0.140518...
d
H H
t

§ · � �¨ ¸
© ¹  

   
d 0.2514 0.009873 0.1405
d
H t H
t
| � �  AG 

 
  (ii)  evidence of using Euler’s method correctly  
   e.g. 1 1.05545...y    (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 M0 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 A0A1A1. 

• 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 A1 in the first part. Examples: 

 
 Correct 

answer seen 
Further 
working seen 

Any FT issues? Action 
1. 

8 2  
5.65685...  
(incorrect 

decimal value) 

No.  
Last part in question. 

Award A1 for the final mark 
(condone the incorrect further 
working) 

2. 35
72

  
0.468111… 
(incorrect 

decimal value) 

Yes.  
Value is used in 
subsequent parts. 

Award A0 for the final mark 
(and full FT is available in 
subsequent parts) 
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3 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. 

 
 

4 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 1.5θ = , 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. 
 

• 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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5 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 1.5θ = , 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. 

 
 
6 Alternative methods 
 

 
• Alternative methods for complete questions are indicated by METHOD 1,  

METHOD 2, etc. 

• Alternative solutions for parts of questions are indicated by EITHER . . . OR. 

 
 

  

 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.   
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7 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. 

 
8 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, 25
4

 should be written as 5
2

.  

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

numerator and the denominator must be integers); for example, 10
4

may be left in this form or 

written as 5
2

. However, 10
5

 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. 2 34e ex x×  should be simplified to 54e x , and 2 3 4  4e e e ex x x x× − ×  should be 
simplified to 53e x .  Unless specified in the question, expressions do not need to be factorized, nor 
do factorized expressions need to be expanded, so ( 1)x x +  and 2x x+  are both acceptable. 

 Please note: intermediate A marks do NOT need to be simplified. 
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9 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. 

 
 
10. 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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1. (a) (i) 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. 

[1 mark] 
 
  (ii) 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] 
 
 (b) 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) (i) ($) 90 200   (M1)A1 

[2 marks] 
 
  (ii) 0.558 (0.557723...)r =  A2 

 [2 marks] 
 
 (d) (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] 
  (ii) 0 1H : 0; H : 0ρ ρ= >  A1A1 

Note: Award A1 for ρ  seen (do not accept r), A1 for both correct hypotheses, 
using their ρ  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 A1 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 0ρ ≤  and 
should not be condoned. 

[2 marks] 
 

continued…  
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Question 1 continued 

  (iii) METHOD 1 – using critical value of r 
   0.558 0.549 (0.557723... 0.549)> >   R1 
   (therefore significant evidence of) a positive correlation A1 

Note: Do not award R0A1.  

   METHOD 2 – using p-value 
   0.0469 0.05 (0.0469463... 0.05)< <   A1 

Note: Follow through from their r-value from part (c)(ii). 
 
   (therefore significant evidence of) a positive correlation A1 

Note: Do not award A0A1. 
 [2 marks] 

 
 (e) (i) 0.000126 (0.000125842...)a = ,  41.1 (41.1490...)b =  A1 

 [1 mark] 
 
  (ii) EITHER 
   the amount the happiness score increases for every $1 increase in (annual) income  
       A1 
   OR 
   rate of change of happiness with respect to (annual) income A1 

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

 [1 mark] 
 
  (iii) 9 92.06 10 ( 2.06191... 10 ) ,c − −= − × − ×  
   4 47.05 10 (7.05272... 10 ) ,d − −= × ×  
   12.6 (12.5878...)e =  A1 

[1 mark] 

continued…  
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Question 1 continued 

  (iv) for quadratic model: 2 0.659 (0.659145...)R =  A1 

   for linear model: 2 0.311 (0.311056...)R =  A1 

Note: Follow through from their r 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, 2R  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 

 (f) (i) (single sample) t-test A1 
[1 mark] 

 
  (ii) EITHER 
   0H : 80000µ = ; 1H : 80000µ ≠  A1 
 
   OR 
   0H : (sample is drawn from a population where) the population mean is $80000  
   1H :  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] 

 
  (iii) 0.610 (0.610322...)p =   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  A1 

Note: Allow R1FTA1FT from an incorrect p-value, but the final A1 must 
still be in the context of the original research question. 

[3 marks] 

[Total 24 marks]  
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2. (a)  (i) population growth rate / birth rate of sharks (due to eating mackerel) A1 
 [1 mark] 

 
  (ii)  (net) death rate of sharks A1 

 [1 mark] 
 
 (b) (i)  0MS Sγ δ− =  A1 
   since 0S ≠  R1 

Note: Accept 0S > . 
 
   getting to given answer without further error by either cancelling or factorizing 
      A1 

   M δ
γ

=   AG 

[3 marks] 
 

  (ii) d 0
d
M
t
=   

   0M MSα β− =  (M1) 

   (since 0M ≠ ) S α
β

=  A1 

[2 marks] 
 

 (c) (i) 21
2

eq eqM Mδ δ
γ γ

= ⇒ =  M1 

Note: Accept equivalent in words. 
 
   Doubles  A1 

Note: Do not accept “increases”. 
[2 marks] 

 

  (ii) eqM δ
γ

=  is not dependent on α   R1 

Note: Award R0 for any contextual argument. 
 
   no change  A1 

Note: Do not award R0A1. 
[2 marks] 

continued…  
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Question 2 continued 

 (d) (i) d
d
M M
t

α=    A1 

[1 mark] 
 

  (ii) 1 d dM t
M

α=∫ ∫   M1 

Note: Award M1 is for an attempt to separate variables. This means 
getting to the point ( ) d ( ) df M M g t t=∫ ∫  where the integral can 
be seen or implied by further work. 

 

   ln M t cα= +   A1 

Note: Accept ln M . Condone missing constant of integration for this mark. 
 
   e tM k α=   
   when 00,t 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. 0t =  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 
   0e

tM M α=    AG 
[4 marks] 

 
  (iii) 03M M=  seen anywhere (A1) 
   substituting 02, 3t M M= =  into equation 0e

tM M α=  (M1) 
   2

0 03 eM M α=  

   1 ln 3
2

α =    OR   0.549306...  A1 

Note: The A1 requires either the exact answer or an answer to at least 4 sf.  
 
   0.549≈    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 nM and nS  and 1nM + or 1nS +   
for the (M1) to be awarded. 

 
   1 0.1(0.549 0.236 )n n n n nM M M M S+ = + −  A1 
   1 0.1(0.244 1.39 )n n n n nS S M S S+ = + −  A1 

[3 marks] 
 
  (ii) EITHER 
   6.12 (6.11609...)   A2 
 
   OR 
   6120 (6116.09...)  (mackerel per 3km ) A2 

 [2 marks] 
 
 (f) (i) 

 
   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 A0A0A0 for any plot of S or M against t. 
[3 marks] 

 

continued…  
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Question 2 continued 

  (ii) EITHER 

   approximate minimum is (5.07223…) 5.07  (which is greater than 5) A1 
 
   OR 
   the line 5M =  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 A0A1. 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] 
 
  (iii) Any two from:  A1A1 

• Current values / parameters are only an estimate, 
• The Euler method is only an approximate method / choosing 0.1h =  might  

be too large. 
• There might be random variation / the model has no stochastic component 
• Conditions / parameters might change over the nine years,  
• 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 A1 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. 

• It is generally not possible to award M0 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 A0A1A1. 

• 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 A1 in the first part. Examples: 

 
 Correct 

answer seen 
Further 
working seen 

Any FT issues? Action 
1. 

8 2  
5.65685...  
(incorrect 

decimal value) 

No.  
Last part in question. 

Award A1 for the final mark 
(condone the incorrect further 
working) 

2. 35
72

  
0.468111… 
(incorrect 

decimal value) 

Yes.  
Value is used in 
subsequent parts. 

Award A0 for the final mark 
(and full FT is available in 
subsequent parts) 
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3 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. 

 
 

4 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 1.5θ = , 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. 
 

• 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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5 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 1.5θ = , 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. 

 
 
6 Alternative methods 
 

 
• Alternative methods for complete questions are indicated by METHOD 1,  

METHOD 2, etc. 

• Alternative solutions for parts of questions are indicated by EITHER . . . OR. 

 
 

  

 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.   
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7 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. 

 
8 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, 25
4

 should be written as 5
2

.  

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

numerator and the denominator must be integers); for example, 10
4

may be left in this form or 

written as 5
2

. However, 10
5

 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. 2 34e ex x×  should be simplified to 54e x , and 2 3 4  4e e e ex x x x× − ×  should be 
simplified to 53e x .  Unless specified in the question, expressions do not need to be factorized, nor 
do factorized expressions need to be expanded, so ( 1)x x +  and 2x x+  are both acceptable. 

 Please note: intermediate A marks do NOT need to be simplified. 
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9 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. 

 
 
10. 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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1. (a) recognition that period 669=  (M1) 

  2
669

b π
=     OR     b = 0.00939190… A1 

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. 

 
  0.00939b ≈    AG 

[2 marks] 
 

 (b) length of day = 224
3

 hours (A1) 

Note: Award A1 for 2
3

, 0.666..., 0.6  or 0.667. 

 

  

2
224
3

π      (M1) 

Note: Accept 
360

224
3

 
 
 
 
 

. 

 

  0.255= radians  30.254723..., ,14.5945...
37
π = 

 
  A1 

[3 marks] 
 
 (c) (i) substitution of either value of δ  into equation  (M1) 
   correct use of arccos to find a value for ω  (M1) 
 

Note:  Both (M1) lines may be seen in either part (c)(i) or part (c)(ii). 
 
   cos 0.839 tan ( 0.440)ω = −   A1 
   1.97684...ω =   
 
   1.98≈    AG 

Note: For substitution of 1.98 award M0A0. 
 [3 marks] 

 
  (ii) 0.440δ =   
   1.16 (1.16474...)ω =  A1 

[1 mark] 
 

continued…  
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Question 1 continued 

 (d) (i) max
1.97684...
0.25472...

R =   (M1) 

 
   7.76=  hours   (7.76075...)  A1 

Note: Accept 7.70 from use of 1.98. 
 [2 marks] 

 

  (ii) min
1.16474...
0.25472...

R =    

   4.57=   hours   (4.57258...)  A1 
[1 mark] 

Note: Accept 4.55 and 4.56 from use of rounded values. 
 

 (e) 7.76075... 4.57258...
2

a −
=   M1 

  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 
 

  7.76075... 4.57258... 12.333...
2 2

c +  = = 
 

 (M1) 

 
  OR 
  4.57258... 1.59408...c = +  or 7.76075... 1.59408...c = −  
 
  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] 
 
 (g) 18.65 6.16666...d = −   (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) at least one expression in the form ( )ieg tr   (M1) 
   ( )0.00939 2.83 i

1 1.5e tz += , ( )0.00939 i
2 1.6e tz =  A1A1 

[3 marks] 
 
  (ii) EITHER 
 
   ( ) ( )0.00939 2.83 i 0.00939 i

1 2 1.5e 1.6et tz z +− = −   
 
   ( )0.00939 i 2.83ie 1.5e 1.6t= −   (M1) 
 
   ( )0.00939 i 2.99086...ie 3.06249...et=  (A1)(A1) 
    
   
   OR 
   
   graph of L  or f   
   3.06249...p =   (A1) 
   0.150729...r = −    OR   2.99086...r =  (M1)(A1) 

Note: The p and r variables (or equivalent) must be seen. 
    
   THEN 
   ( ) 3.06sin (0.00939 2.99) 12.5L t t= + +  A1 
   ( )( ) 3.06248...sin (0.00939 2.99086...) 12.4833...L t t= + +  

Note: Accept equivalent forms, e.g. ( ) 3.06sin (0.00939 0.151) 12.5L t t= − + . 
 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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2. (a) Use of 2χ  test for independence (M1) 
 
  0H :  Staying (or leaving) the firm and interview rating are independent. 
  1H :  Staying (or leaving) the firm and interview rating are not independent A1 

Note: For 1H  accept ‘…are dependent’ in place of ‘…not independent’. 

 
  p-value 0.487 (0.487221...)=  A2 

Note: Award A1 for 2 1.438...χ =  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 0H   (or “accept 0H ”) A1 

Note: Do not award R0A1.  
The final R1A1 can follow through from their incorrect p-value 

 [6 marks] 
 

 (b) 55 18 10.9 (10.8791...)
91

× =    M1A1 

Note: Award A1 for anything that rounds to 10.9. 
 
  11≈     AG 

[2 marks] 

continued…  
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Question 2 continued 

 (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) 

 L M N O P Q R 
Written assessment 
rank 1 2 3 4 5 6 7 
Manager score 
rank 1 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. 

 
   0.909 (0.909241.....)sr =   (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 
2

2

6
1

( 1)
d

n n
−

−
∑ , award (M1)(A1)A1. 

 Accept 0.909−  if one set of ranks has been ordered in reverse. 
[4 marks] 

 
  (iii) EITHER 
   there is a (strong) association between the written assessment mark and the  

manager scores. A1 
 
   OR 
   there is a (strong) agreement in the rank order of the written assessment marks and 

the rank order of the manager scores. A1 
 
   OR 
   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 sr  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) (i) test-retest  A1 
[1 mark] 

 
  (ii) p-value 0.00209 (0.0020939...)=   A2 
 
   0.00209 0.05<   R1 
   (the result is significant at the 5% level) 
   (there is sufficient evidence to) reject 0H    A1 

Note: Do not award R0A1.  Accept “accept H1”. 
The final R1A1 can follow through from their incorrect p-value. 

[4 marks] 
 

  (iii) the test seems reliable A1 

Note: Follow through from their answer in part (d)(ii).  Do not award 
if there is no conclusion in d(ii). 

 [1 mark] 
 
 (e) (i) 25   A1 

[1 mark] 
 
  (ii) probability of significant result given no correlation is 0.05 (M1) 
 
   probability of at least one significant result in 25 tests is  
 
   251 0.95−    (M1)(A1) 

Note: Award (M1) for use of 1 P (0)−  or the binomial distribution with 
any value of p. 

 [1 mark] 
 
   0.723 (0.722610...)=  A1 

[4 marks] 
 
  (iii) (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 

      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 M0 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 A0A1A1. 

• Where the markscheme specifies M2, A3, etc., 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 A1 in 
that part. 

 
Examples 

 
 Correct answer seen Further working seen Action 
1. 

8 2  5.65685...  
(incorrect decimal value) 

Award the final A1 
(ignore the further working) 

2. 1 sin 4
4

x  sin x  Do not award the final A1 

3. log loga b−  log ( )a b−  Do not award the final A1 
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3 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. 
• Marks without brackets can only be awarded for work that is seen. 

 
 
4 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. 
• If the error leads to an inappropriate value (e.g. probability greater than 1, use of 1r >  for the 

sum of an infinite GP, sin 1.5θ = , 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.  

• 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.  

 
 
5 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. 
• If the MR leads to an inappropriate value (e.g. probability greater than 1, sin 1.5θ = , 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. 
• 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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6 Alternative methods 
 

 
• Alternative methods for complete questions are indicated by METHOD 1,  

METHOD 2, etc. 
• Alternative solutions for part-questions are indicated by EITHER . . . OR. 

 
 
7 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).  

 
 
8 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. 

 
 
9 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. 

 
 
  

 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 
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1. (a) 2χ  (goodness of fit) A1 
[1 mark] 

(b) EITHER 

 because aim is to measure improvement  

OR 
because the students may be of different ability in the two schools  R1 

[1 mark] 

(c) (i) 0.1875 (accept 0.188 , 0.19) A1 

  (ii) 2.46  (M1)A1 

Note: Award (M1)A0 for 2.63. 
[3 marks] 

 (d) 0H : there has been no improvement 

  1H : there has been an improvement A1 

  attempt at a one-tailed paired  t-test (M1) 

  - 0.423p =value  A1 

  there is no significant evidence that the students have improved R1 

Note: If the hypotheses are not stated award a maximum of A0M1A1R0. 
[4 marks] 

 (e) (i) 0H : there is no difference between the schools 

   1H : school B did better than school A A1 

   one-tailed 2 sample  t-test (M1) 

   - 0.0984p =value  A1 

0.0984 0.05>  (not significant at the 5 % level) so do not reject the  
null hypothesis R1A1 

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)A0R1A1 for - 0.0993p =value . 

(ii) sample too small for the central limit theorem to apply (and  t-tests  
assume normal distribution) R1 

[6 marks] 

continued…  
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Question 1 continued 

 (f) (i) 0H : 0ρ =  

  1H : 0ρ >  A1 

Note: Allow hypotheses to be expressed in words. 

p-value = 0.00157 A1 

(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) R1 

(ii) (gradient of line of regression =) 6.6 A1 
[4 marks] 

(g) 0H : improvement and gender are independent 

 1H : improvement and gender are not independent A1 

 choice of 2χ  test for independence (M1) 

 groups first two columns as expected values in first column less than 5 M1 

 new observed table 
 

 ( ) 0f p− <  0 ( ) 2f p≤ − <  ( ) 2f p− ≥  

Male 14 10 9 

Female 11 14 8 
    (A1) 
 - 0.581p =value  A1 

 no significant evidence that gender and improvement are dependent R1 
[6 marks] 

(h) 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 R1R1 

Note: Award R1 for each reasonable suggestion to improve the validity of the test. 
[2 marks] 

Total [27 marks]  
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2. (a) (i) 2000  (M1)A1 

 (ii) because the value of d
d
x
t

 is positive (for 0x > ) R1 

[3 marks] 

(b) (i) substitute 800 600,= =x y  into both equations M1 

  both equations equal 0  A1 

  hence an equilibrium point AG 

 (ii) 0, 0x y= =  A1 

  2000, 0x y= = , 0, 3000x y= =  M1A1A1 

Note: Award M1 for an attempt at solving the system 
provided some values of x and y are found. 

[6 marks] 

(c) (i) 1 d 2dx t
x

=∫ ∫   M1 

  ln 2x t c= +   A1A1 

Note: Award A1 for RHS, A1 for LHS. 
  2e ec tx =  M1 

  2e tx A=  ( )ecA =where   AG 

 (ii) 3e ty B=  A1 

Note: Allow any letter for the constant term, including A. 

 (iii) 15, 18x y= =   (M1)A1 
[7 marks] 

continued…  
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Question 2 continued 

(d) (i) 1 0.2 (2000 2 )
1000

n
n n n n

xx x x y+ = + − −  

  1 0.2 (3000 3 )
1000

n
n n n n

yy y x y+ = + − −  M1A1 

Note: Accept equivalent forms. 

 (ii) 319, 617x y= =   (M1)A1A1 

 (iii) number of brown squirrels go down to 0,  
black squirrels to a population of 3000 A1 

 (iv) number of brown squirrels go to 2000,  
number of black squirrels goes down to 0  A1 

[7 marks] 

(e) (i)  AND  (ii) 

 
     M1A1A1 

[3 marks] 

continued…  
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Question 2 continued 

(f) 

 
     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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