
© International Baccalaureate Organization 2026

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 2026

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, 2026

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/.



2226 – 5227
© International Baccalaureate Organization 20269 pages

20 May 2026

Zone A  afternoon Zone B  afternoon Zone C  afternoon

1 hour 15 minutes

Mathematics: applications and interpretation
Higher level
Paper 3

Instructions to students

	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 the questions in the answer booklet 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 HL formula booklet is 

required for this paper.
	y The maximum mark for this examination paper is [55 marks].
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Answer both questions in the answer booklet provided. Please start each question on a new page. 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: 25]

This question is about using statistical techniques to analyse incorrect calls (errors) 
made in high-pressure situations by basketball referees.

Gabriel is investigating whether a basketball referee makes more or fewer incorrect calls as 
the pressure increases towards the end of a close game.

Gabriel collects data from the National Basketball Association (NBA).

He finds data on the number of incorrect calls made in the final two minutes of games, in 
which the teams are within three points of each other. Gabriel uses these data in each of  
his tests.* 

He selects four teams from the  30  teams in the NBA, listed in alphabetical order. 

(a)	 Explain how Gabriel might select his sample of four teams using systematic 
random sampling.� [2]

*	 NBA officiating last two minute reports archive

(This question continues on the following page)
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Turn over

(Question 1 continued)

In the sample taken by Gabriel there is a total of  156  incorrect calls. Gabriel divides the final 
two minutes of the game into  20-second intervals and records the interval in which each of 
the  156  incorrect calls happen. 

Gabriel decides to use a  χ 2  goodness of fit test, at the  5 %  significance level, with the 
following hypotheses:

H0 : Incorrect calls are equally distributed across the given intervals,

H1 : Incorrect calls are not equally distributed across the given intervals.

The data is summarized in the following table, where  t  is the number of seconds from the 
end of the game.

t  (seconds) 0 ≤ t < 20 20 ≤ t < 40 40 ≤ t < 60 60 ≤ t < 80 80 ≤ t < 100 100 ≤ t < 120

Number of 
incorrect calls 41 31 23 22 20 19

(b)	 (i)	� Find the expected number of incorrect calls per  20-second interval under the 
null hypothesis.� [2]

(ii)	 �State the number of degrees of freedom for the test.� [1]

(iii)	 �Find the value of  χ 2calc .� [2]

(iv)	 �Hence state the conclusion of the test, given that the critical value is  11.1 .  
Justify your answer.� [2]

(v)	 State another feature of Gabriel’s data that supports the theory that the number 
of incorrect calls increases as the pressure on the referee increases.� [1]

(This question continues on the following page)
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(Question 1 continued)

Gabriel then wonders if the incorrect calls might benefit the team playing at home (the home 
team) more than the team playing away from home (the away team). He finds the total 
number of incorrect calls given in the final two minutes of close games for all  30  NBA teams 
in a season, and decides he will test the data using the following hypotheses: 

H0 : The probability of an incorrect call benefitting the home team is equal to  0.5 ,

H1 : The probability of an incorrect call benefitting the home team is greater than  0.5 .

His data for incorrect calls is shown in the following table.

Calls benefitting 
the home team

Calls benefitting 
the away team

695 637

Gabriel decides to use the binomial distribution to test these hypotheses, at the  5 %  
significance level.

(c)	 (i)	 State one assumption that Gabriel is making.� [1]

(ii)	 	�Find the  p-value for the test.� [3]

(iii)	 �State the conclusion of the test, justifying your answer.� [2]

Martina suggests to Gabriel that, as some teams have more passionate fans than others, the 
number of incorrect calls that favour the home team might depend on their stadium. 

Gabriel decides to do a  χ 2  test for independence for the four teams he has selected: Detroit, 
Brooklyn, Cleveland and Philadelphia. The distribution of incorrect calls favouring the home 
and away teams are shown in the following table.

Team playing at home

Detroit Brooklyn Cleveland Philadelphia

Favourable 
incorrect calls

Home team 24 23 18 23

Away team 9 16 21 22

(d)	 (i)	 State, in context, the hypotheses for this test.� [2]

(ii)	 �By finding the  p-value, verify that the test is not significant at the  5 %  level.� [2]

(This question continues on the following page)
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Turn over

(Question 1 continued)

Finally, Gabriel decides to test whether his local team, Brooklyn, receive more favourable 
incorrect calls when playing at home than when playing away. 

He reviews the previous five seasons and finds seven opponents for which he has home and 
away data. He collates these in the following table. 

Opponents
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Advantage gained at home 2.2 0.1 0.1 −1.1 −2.3 1.8 −0.8

Advantage gained away 0.3 −0.9 0.1 −1.0 −1.2 −1.1 −0.7

The numbers in the table are the average difference between the favourable incorrect calls 
for Brooklyn, minus the unfavourable incorrect calls. 

For example, the value of  2.2  in the first column means that, when playing Utah at home, 
Brooklyn had on average  2.2  more favourable incorrect calls than unfavourable incorrect calls.

This is defined as an “advantage gained” of  2.2 . 

Let  μD  be the population mean of Brooklyn’s advantage gained at home minus its advantage 
gained away. 

(e)	 Use a paired  t-test, at the  5 %  significance level, to determine whether these data 
provide evidence that the mean advantage gained at home is greater than the mean 
advantage gained away. 

State the hypotheses in terms of  μD , find the  p-value and state the conclusion of the 
test. You may assume all the conditions necessary for the test have been met.� [4]

(f)	 Justify a possible conclusion Gabriel might reasonably reach from the results of his 
tests as to whether there is a home advantage in the incorrect calls made by referees 
in the last two minutes of close games. � [1]
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2.	 [Maximum mark: 30]

This question considers different models for the temperature change of water when an 
ice cube is added and left to melt.

Aisha placed an ice cube into a glass of water at room temperature and recorded the 
temperature of the water at four-minute intervals. The temperature of the water,  T , in 
degrees Celsius, after  t  minutes is shown in the following table and diagram.

t (minutes) 0 4 8 12 16 20 24 28 32

T ( °C ) 19 10.2 8.3 7.7 7.2 8.0 8.3 8.6 9.5
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T (°C)

20 25 30 35
0
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10
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20

Aisha decides she will model the data with a quadratic model.

(a)	 (i)	 Using the diagram, state one reason why Aisha might choose a quadratic model. � [1]

(ii)	 	�Find the equation of the least squares quadratic regression curve for the data.� [3]

(b)	 Explain, from the context of the question, why the quadratic model is unlikely to be a 
good match for larger values of  t .� [2]

(This question continues on the following page)
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Turn over

(Question 2 continued)

From research, Aisha decides a better model will be in the form

T c at bt� � �
1
2e , where  a , b , c ∈ + .

She decides to use her value of  T  when  t = 0  to find  c .

(c)	 Show that  c = 19 . � [1]

Aisha decides to find a value for each of the parameters  a  and  b , using two different methods.

The first method is to assume that the minimum for the function  T  occurs at the point  (16 , 7.2) .

(d)	 (i) 	 Find an expression for 
d
d
T
t

 in terms of  a ,  b  and  t .� [3]

(ii)	 	�Hence show that b = 1
32

.� [4]

(iii)	 	�By substituting  (16 , 7.2)  into the equation for  T , find the value of  a .� [2]

(iv)	 	�Hence write down the equation for  T  obtained by Aisha when using this method.� [1]

(This question continues on the following page)
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(Question 2 continued)

The second method Aisha uses is to transform the data and use linear regression. 

To do this, she first rearranges the equation for  T  into the form

19
1
2

�
� �T

t
a bte .

Aisha then lets 
19

1
2

�
�

T

t
x , to form the equation  x = ae−bt . 

She calculates values of  x  from her data, as shown in the following table.

t 4 8 12 16 20 24 28 32

T ( °C ) 10.2 8.3 7.7 7.2 8.0 8.3 8.6 9.5

x 4.40 3.78 3.26 q 2.46 2.18 1.97 1.68

(e)	 Find the value of  q . � [1]

(f)	 (i)	 Find the equation of the least squares regression line of  ln x  on  t .� [3]

(ii)	 	�Hence find the value of  a  and the value of  b , obtained by Aisha when using this 
second method.� [4]

(iii)	 Write down the equation for  T  obtained by Aisha when using this second method.� [1]

(This question continues on the following page)
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(Question 2 continued)

The curves in the following diagram represent Aisha’s three models found in parts (a)(ii),  
(d)(iv) and (f)(iii). 

0 5 10 15
t (minutes)

T (°C)

20 25 30 35
0

5

10

15

20

A

B
C

(g)	 State, with a reason, which graph, A ,  B  or  C, represents the model found in part

(i)	 (a)(ii).� [2]

(ii)	 (f)(iii).� [2]

�
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