
© International Baccalaureate Organization 2023

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

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

© Organisation du Baccalauréat International 2023

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

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

© Organización del Bachillerato Internacional, 2023

Todos los derechos reservados. No se podrá reproducir ninguna parte de este producto 
de ninguna forma ni por ningún medio electrónico o mecánico, incluidos los sistemas de 
almacenamiento y recuperación de información, sin la previa autorización por escrito del 
IB. Además, la licencia vinculada a este producto prohíbe el uso de todo archivo o 
fragmento seleccionado de este producto. El uso por parte de terceros —lo que incluye, 
a título enunciativo, editoriales, profesores particulares, servicios de apoyo académico o 
ayuda para el estudio, colegios preparatorios, desarrolladores de aplicaciones y 
entidades que presten servicios de planificación curricular u ofrezcan recursos para 
docentes mediante plataformas digitales—, ya sea incluido en tasas o no, está prohibido 
y constituye un delito.

En este enlace encontrará más información sobre cómo solicitar una autorización por 
escrito en forma de licencia: https://ibo.org/become-an-ib-school/ib-publishing/licensing/
applying-for-a-license/.



Candidate session number

8823 – 7214
© International Baccalaureate Organization 202319 pages

30 October 2023

Zone A afternoon Zone B afternoon Zone C afternoon

1 hour 30 minutes

Mathematics: applications and interpretation
Standard level
Paper 1

Instructions to candidates

 y Write your session number in the boxes above.
 y Do not open this examination paper until instructed to do so.
 y A graphic display calculator is required for this paper.
 y Answer all questions.
 y Answers must be written within the answer boxes provided.
 y Unless otherwise stated in the question, all numerical answers should be given exactly or 

correct to three significant figures.
 y A clean copy of the mathematics: applications and interpretation formula booklet is 

required for this paper.
 y The maximum mark for this examination paper is [80 marks].

20EP01



– 2 – 8823 – 7214

Answers must be written within the answer boxes provided. Full marks are not necessarily awarded 
for a correct answer with no working. Answers must be supported by working and/or explanations. 
Solutions found from a graphic display calculator should be supported by suitable working. For example, 
if graphs are used to find a solution, you should sketch these as part of your answer. Where an answer 
is incorrect, some marks may be given for a correct method, provided this is shown by written working. 
You are therefore advised to show all working.

1. [Maximum mark: 7]

Joel is a keen cyclist who keeps a record of his performance. The following table shows 
the time, in minutes, it takes him to ride one kilometre on hills with different gradients. 
The gradient of each hill is constant.

Gradient  G  (%%) 0 4 10 15 20

Time  T  (min.) 2.11 5.39 10.56 13.20 18.58

(a) (i)   Find the equation of the regression line of  T  on  G .

(ii) Describe the correlation between  T  and  G  with reference to the value of  r , 
the Pearson’s product-moment correlation coefficient. [4]

On Saturday, Joel intends to ride a hill with a gradient of 17 %.

(b) Estimate the time it will take Joel to ride one kilometre up the hill. [2]

This morning, Joel rode one kilometre up a hill, and it took 22 minutes.

(c) Explain why it would be inappropriate to use the equation found in part (a) to estimate 
the gradient of this hill. [1]

(This question continues on the following page)
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Turn over

(Question 1 continued)
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2. [Maximum mark: 6]

The Great Pyramid of Giza is the oldest of the Seven Wonders of the Ancient World.  
When it was built, 4500 years ago, the measurements of the pyramid were in 
Royal Egyptian Cubits (REC).

[Source: Nina Aldin Thune. https://en.wikipedia.org/wiki/Great_Pyramid_of_Giza#/media/File:Kheops-Pyramid.jpg.  
Licensed under CC BY 2.5 https://creativecommons.org/licenses/by/2.5/#. Image adapted.]

Viktor reads online that 1 REC is equal to 0.52 metres, rounded to two decimal places.

(a) Write down the upper and lower bounds of 1 REC in metres. [2]

The Great Pyramid of Giza has a square base with side lengths of 440 REC and a 
height of 280 REC. Viktor assumes that these two measurements are exact and that 
the Great Pyramid can be modelled as a square-based pyramid with smooth faces.

(b) Find the minimum possible volume of the pyramid in cubic metres. [4]
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Turn over

3. [Maximum mark: 6]

Consider the graph of the following function:

g x
x

x
( ) � �

8

2

2

, for  x ≠ 0 .

(a) Write down the equation of the vertical asymptote of  g (x) . [1]

(b) Find  g ′(x) . [3]

(c) Write down the interval in which  g (x)  is increasing. [2]
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4. [Maximum mark: 8]

On the following Voronoi diagram, the coordinates of three farmhouses are A (0, 3), B (8, 3) 
and C (8, 13), where distances are measured in kilometres. Each farmhouse owns the land 
that is closest to it, and their boundaries are defined by the dotted lines on Diagram 1.

Diagram 1

2 4 6 8 10 120

2

4

6

8

10

12

A (0, 3)

x

y
14

B (8, 3)

C (8, 13)

Diagram 2

0 x

y

A (0, 3) B (8, 3)

C (8, 13)

(11, 8)

(4, 1)

D (6, 5)

9
11

116
11

,  

To provide water to the farms it is decided to construct a well at the point where the 
boundaries meet on Diagram 1.

(a) Write down the coordinates of this point. [1]

(b) Find the equation of the perpendicular bisector of [AC]. [3]

An additional farmhouse D (6, 5) is built on the land. The Voronoi diagram has been redrawn 
to show the new boundaries. The coordinates of the vertices of these boundaries are indicated 
on Diagram 2.

A wind turbine is to be built at one of the vertices.

(c) The wind turbine should be as far from the nearest farmhouses as possible.

(i) By calculating appropriate distances, find the location of the wind turbine.

(ii) Hence, write down the distance of the wind turbine to the nearest farmhouse. [4]

(This question continues on the following page)
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Turn over

(Question 4 continued)
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5. [Maximum mark: 6]

Jason sails his boat from point A for a distance of 100 km, on a bearing of 112, to arrive at 
point B. He then sails on a bearing of 041 to point C. Jason’s journey is shown in the diagram.

diagram not to scale

North

041

112

100 km

A

B

C

(a) Find AB̂C. [2]

Point C is directly east of point A.

(b) Calculate the distance that Jason sails to return directly from point C to point A. [4]
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Turn over

6. [Maximum mark: 4]

Consider the following function:

h x
x

( ) �
�

�
2

1

1

2
, for  x > 1 .

(a) Find  h−1(1) . [2]

(b) Find the domain of  h−1(x) . [2]
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7. [Maximum mark: 9]

A sports player on a horizontal athletic field hits a ball. The height of the ball above the field, in 
metres, after it is hit can be modelled using a quadratic function of the form  f (x) = ax2 + bx + c , 
where  x  represents the horizontal distance, in metres, that the ball has travelled from the player.

A specialized camera tracks the initial path of the ball after it is hit by the player. The camera 
records that the ball travels through the three points (3, 2.36), (10, 5) and (17, 7.16), as shown 
in Diagram 1.

diagram not to scale

Diagram 1

distance (m)

height (m)

(3, 2.36)
(10, 5)

(17, 7.16)

0

(a) Use the coordinates (3, 2.36) to write down an equation in terms of  a ,  b , and  c . [1]

(b) Use your answer to part (a) and two similar equations to find the equation of the 
quadratic model for the height of the ball. [3]

A 4-metre-high fence is 80 metres from where the player hit the ball, as shown in Diagram 2.

diagram not to scale

Diagram 2

distance (m)

height (m)

fence

80 m

4 m

(c) Show that the model predicts that the ball will go over the fence. [3]

(d) Find the horizontal distance that the ball will travel, from the player until it first hits 
the ground, according to this model. [2]

(This question continues on the following page)
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Turn over

(Question 7 continued)
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8. [Maximum mark: 7]

The diagram shows a map containing a long, winding road passing a lake. The shape of the 
road can be modelled by the function  r (x) = (x + 1)3 + 2x2 − 4x . All distances in the map are 
in kilometres.

The local fire station is located at point A, which has coordinates (−1 ,  6).

To save time during emergencies, the local community is planning the construction of a 
bridge over the lake. The bridge will be built such that it is normal to the road at point A
and will connect the fire station to point B.

diagram not to scale

A (−1, 6)
B

lakelake

(a) Using your graphic display calculator, find the value of  r ′(−1) . [2]

(b) Find the equation of the line normal to  r (x)  at point A, which can be used to model 
the new bridge. [2]

(c) Hence, determine the length of the new bridge. [3]

(This question continues on the following page)
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Turn over

(Question 8 continued)
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9. [Maximum mark: 8]

Mr Kelly is a history teacher. After grading his final exams, he creates the following 
box and whisker diagram to compare the grades of his two classes.

Class A

Class B

50 60 70 80 90 100
Exam grades

(a) Identify which two of the following statements must be true according to the box and 
whisker diagram. Indicate your choices by placing tick marks in the second column of 
the following table. [2]

Statement True ( )

A higher percentage of students in Class B received a 
grade less than 70 on the exam, than in Class A.

The data for Class B is normally distributed.

More students in Class A received a grade greater than 90 
on the exam than in Class B.

The interquartile range for Class A is less than the 
interquartile range for Class B.

At the end of the year, Mr Kelly surveyed a random sample of students from each of his two 
large classes to determine how satisfied they were with his teaching.

Each student independently selected a value from 1 to 10, with 1 meaning that they were not 
satisfied at all and 10 meaning that they were very satisfied.

His collected data from the student surveys is shown.

Class A 6 9 8 10 1 9 10 9 8 4

Class B 7 5 3 4 3 8 6 7

(This question continues on the following page)
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Turn over

(Question 9 continued)

Mr Kelly believes that there was no difference in the general satisfaction between the 
two classes. He assumes that the data is drawn from a population that can be modelled 
by a normal distribution and proposes to conduct a  t-test at the 5 % significance level.

(b) Write down the null and alternative hypotheses for his test. [2]

(c) Find the  p-value for his test. [2]

(d) Write down the conclusion to the test. Give a reason for your answer. [2]
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10. [Maximum mark: 7]

Michèle is playing a game. In the game, she must first flip a fair coin which will result in the 
coin landing on heads or tails. If the coin lands on heads, then she wins a prize. If it lands on 
tails, then she has another chance but this time she must roll a fair six-sided die and get a 
five or six in order to win a prize.

(a) Complete the tree diagram by writing in the three missing probabilities. [2]

win

no win

1
2

diecoin

win

no win

(b) Find the probability that Michèle does not win a prize. [2]

(c) Given that Michèle won a prize, find the probability that the coin landed on heads. [3]

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

20EP16



– 17 – 8823 – 7214

Turn over

11. [Maximum mark: 6]

Toktam works at a local bakery 5 days each week. She drives an old car to work that has 
a 65 % probability of starting on any given morning. The probability of the car starting on a 
given morning is independent of it starting on any other morning.

(a) Find the probability that Toktam’s car starts on exactly two mornings in a particular 
5 day workweek. [2]

Toktam walks to work on mornings when her car does not start and it is not raining. 
Toktam takes a taxi to work on mornings when her car does not start and it is raining.

Where Toktam lives, there is a 45 % probability of rain on any given morning, independent of 
any other morning. The probability of Toktam’s car starting is independent of the weather.

(b) Find the probability that Toktam will not have to take a taxi in a particular workweek. [4]
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12. [Maximum mark: 6]

Thurston believes that more popular musical artists sell more albums.

He begins to investigate this belief by randomly selecting eight musical artists and collecting 
data on the number of followers each of the artists has on a particular social media platform. 
He then collects data on the number of albums each artist sold in the first week after 
releasing an album. His data is shown in Table 1.

Table 1

Artist 1 Artist 2 Artist 3 Artist 4 Artist 5 Artist 6 Artist 7 Artist 8

Number of 
social media 

followers 
(in thousands)

11 500 12 400 1300 2300 674 49 500 315 94 400

Number of 
albums sold 
in first week 

(in thousands)

123 62.4 17.4 94.9 52.5 27 21.6 595.5

Thurston decides to calculate the Spearman’s rank correlation coefficient.

(a) Complete the table of ranks shown in Table 2. [1]

Table 2

Artist 1 Artist 2 Artist 3 Artist 4 Artist 5 Artist 6 Artist 7 Artist 8

Rank –  
social media 

followers
4 3 6 5 7 2 8 1

Rank –  
albums sold in 

first week
1

(This question continues on the following page)
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(Question 12 continued)

(b) Calculate the value of  rs , Spearman’s rank correlation coefficient. [2]

Thurston believes that artists with a higher number of social media followers sell more albums 
in the first week. He carries out a hypothesis test using a 10 % significance level with the 
following null hypothesis:

H0:  In the population, there is no monotonic relationship between the number of 
social media followers and the number of albums sold in the first week.

(c) Write down Thurston’s alternative hypothesis. [1]

The critical value of  rs  for this test is 0.643.

(d) State the conclusion of the hypothesis test, giving a reason. [2]
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