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Aims

Introduction

Group 5 aims
The aims of all mathematics courses in group 5 are to enable students to:

1. enjoy mathematics, and develop an appreciation of the elegance and power of mathematics

2. develop an understanding of the principles and nature of mathematics

3. communicate clearly and confidently in a variety of contexts

4. develop logical, critical and creative thinking, and patience and persistence in problem-solving

5. employ and refine their powers of abstraction and generalization

6. apply and transfer skills to alternative situations, to other areas of knowledge and to future developments

7. appreciate how developments in technology and mathematics have influenced each other

8. appreciate the moral, social and ethical implications arising from the work of mathematicians and the
applications of mathematics

9. appreciate the international dimension in mathematics through an awareness of the universality of
mathematics and its multicultural and historical perspectives

10. appreciate the contribution of mathematics to other disciplines, and as a particular “area of knowledge”
in the TOK course.
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Assessment objectives

Introduction

Problem-solving is central to learning mathematics and involves the acquisition of mathematical skills and 
concepts in a wide range of situations, including non-routine, open-ended and real-world problems. Having 
followed a DP mathematical studies SL course, students will be expected to demonstrate the following.

1. Knowledge and understanding: recall, select and use their knowledge of mathematical facts, concepts
and techniques in a variety of familiar and unfamiliar contexts.

2. Problem-solving: recall, select and use their knowledge of mathematical skills, results and models in
both real and abstract contexts to solve problems.

3. Communication and interpretation: transform common realistic contexts into mathematics; comment
on the context; sketch or draw mathematical diagrams, graphs or constructions both on paper and using
technology; record methods, solutions and conclusions using standardized notation.

4. Technology: use technology, accurately, appropriately and efficiently both to explore new ideas and to
solve problems.

5. Reasoning: construct mathematical arguments through use of precise statements, logical deduction and
inference, and by the manipulation of mathematical expressions.

6. Investigative approaches: investigate unfamiliar situations involving organizing and analysing
information or measurements, drawing conclusions, testing their validity, and considering their scope
and limitations.
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Syllabus outline

Syllabus

Syllabus component

Teaching 
hours

SL

All topics are compulsory. Students must study all the sub-topics in each of the topics in the 
syllabus as listed in this guide. Students are also required to be familiar with the topics listed 
as prior learning.

Topic 1

Number and algebra

20

Topic 2

Descriptive statistics

12

Topic 3

Logic, sets and probability

20

Topic 4

Statistical applications

17

Topic 5

Geometry and trigonometry

18

Topic 6

Mathematical models

20

Topic 7

Introduction to differential calculus

18

Project

The project is an individual piece of work involving the collection of information or 
the generation of measurements, and the analysis and evaluation of the information or 
measurements.

25

Total teaching hours 150

It is essential that teachers are allowed the prescribed minimum number of teaching hours necessary to meet 
the requirements of the mathematical studies SL course. At SL the minimum prescribed number of hours is 
150 hours.
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External Assessment 

First examinations 2014

Assessment component Weighting

External assessment (3 hours)
Paper 1 (1 hour 30 minutes)
15 compulsory short-response questions based on the whole syllabus. (90 marks)

80%
40%

Paper 2 (1 hour 30 minutes)
6 compulsory extended-response questions based on the whole syllabus. (90 marks)

40%

Internal assessment
This component is internally assessed by the teacher and externally moderated by the IB at 
the end of the course.

Project
The project is an individual piece of work involving the collection of information or 
the generation of measurements, and the analysis and evaluation of the information or 
measurements. (20 marks)

20%

Page 6 of 74



External Assessment

General
Markschemes are used to assess students in both papers. The markschemes are specific to each examination.

External assessment details

General information
Paper 1 and paper 2
These papers are externally set and externally marked. Together, they contribute 80% of the final mark for 
the course. These papers are designed to allow students to demonstrate what they know and what they can do.

Calculators
For both examination papers, students must have access to a GDC at all times. Regulations covering the types 
of GDC allowed are provided in the Handbook of procedures for the Diploma Programme.

Mathematical studies SL formula booklet
Each student must have access to a clean copy of the formula booklet during the examination. It is the 
responsibility of the school to download a copy from IBIS or the OCC and to ensure that there are sufficient 
copies available for all students.

Awarding of marks
In addition to correct answers, marks are awarded for method, accuracy and reasoning.

In paper 1, full marks are awarded for each correct answer irrespective of the presence or absence of working. 
Where an answer is incorrect, marks are given for correct method. All students should therefore be advised to 
show their working.

In paper 2, full marks are not necessarily awarded for a correct answer without working. Answers must be 
supported by working and/or explanations. Where an answer is incorrect, marks are given for correct method. 
All students should therefore be advised to show their working.

Paper 1
Duration: 1 hour 30 minutes
Weighting: 40%
• This paper consists of 15 compulsory short-response questions.

• Each question is worth 6 marks.
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External assessment

Syllabus coverage
• Knowledge of all topics is required for this paper. However, not all topics are necessarily assessed in

every examination session.

• The intention of this paper is to test students’ knowledge and understanding across the breadth of the
syllabus. However, it should not be assumed that the separate topics are given equal emphasis.

Question type
• Questions may be presented in the form of words, symbols, diagrams or tables, or combinations of these.

• Questions of varying levels of difficulty are set.

• One or more steps may be needed to answer each question.

Paper 2
Duration: 1 hour 30 minutes
Weighting: 40%
• This paper consists of 6 compulsory extended-response questions.

• Questions in this section will vary in terms of length and level of difficulty.

• Individual questions will not be worth the same number of marks. The marks allocated are indicated at
the start of each question.

Syllabus coverage
• Knowledge of all topics is required for this paper. However, not all topics are necessarily assessed in

every examination session.

• The intention of this paper is to test students’ knowledge and understanding of the syllabus in depth. The
range of syllabus topics tested in this paper may be narrower than that tested in paper 1.

Question type
• Questions require extended responses involving sustained reasoning.

• Individual questions may require knowledge of more than one topic.

• Questions may be presented in the form of words, symbols, diagrams or tables, or combinations of these.

• Normally, each question ref lects an incline of difficulty, from relatively easy tasks at the start of a
question to relatively difficult tasks at the end of a question. The emphasis is on problem-solving.
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Assessment

Internal assessment

Purpose of internal assessment
Internal assessment is an integral part of the course and is compulsory for all students. It enables students to 
demonstrate the application of their skills and knowledge, and to pursue their personal interests, without the 
time limitations and other constraints that are associated with written examinations. The internal assessment 
should, as far as possible, be woven into normal classroom teaching and not be a separate activity conducted 
after a course has been taught.

Internal assessment in mathematical studies SL is an individual project. This is a piece of written work based 
on personal research involving the collection, analysis and evaluation of data. It is marked according to seven 
assessment criteria.

Guidance and authenticity
The project submitted for internal assessment must be the student’s own work. However, it is not the intention 
that students should decide upon a title or topic and be left to work on the project without any further support 
from the teacher. The teacher should play an important role during both the planning stage and the period 
when the student is working on the project. It is the responsibility of the teacher to ensure that students are 
familiar with:

• the requirements of the type of work to be internally assessed

• the IB academic honesty policy available on the OCC

• the assessment criteria—students must understand that the work submitted for assessment must address
these criteria effectively.

Teachers and students must discuss the project. Students should be encouraged to initiate discussions with the 
teacher to obtain advice and information, and students must not be penalized for seeking guidance. However, 
if a student could not have completed the project without substantial support from the teacher, this should be 
recorded on the appropriate form from the Handbook of procedures for the Diploma Programme.

It is the responsibility of teachers to ensure that all students understand the basic meaning and significance 
of concepts that relate to academic honesty, especially authenticity and intellectual property. Teachers must 
ensure that all student work for assessment is prepared according to the requirements and must explain clearly 
to students that the project must be entirely their own.

As part of the learning process, teachers can give advice to students on a first draft of the project. This advice 
should be in terms of the way the work could be improved, but this first draft must not be heavily annotated or 
edited by the teacher. The next version handed to the teacher after the first draft must be the final one.

All work submitted to the IB for moderation or assessment must be authenticated by a teacher, and must not 
include any known instances of suspected or confirmed malpractice. Each student must sign the coversheet for 
internal assessment to confirm that the work is his or her authentic work and constitutes the final version of 
that work. Once a student has officially submitted the final version of the work to a teacher (or the coordinator) 
for internal assessment, together with the signed coversheet, it cannot be retracted.
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Internal assessment

Authenticity may be checked by discussion with the student on the content of the work, and scrutiny of one or 
more of the following:

• the student’s initial proposal

• the first draft of the written work

• the references cited

• the style of writing compared with work known to be that of the student.

Authenticity must be verified by the signing of the relevant form from the Handbook of Procedures for the 
Diploma Programme by both student and teacher.

By supervising students throughout, teachers should be monitoring the progress individual students are 
making and be in a position to discuss with them the source of any new material that appears, or is referred to, 
in their projects. Often, students are not aware when it is permissible to use material written by others or when 
to seek help from other sources. Consequently, open discussion in the early stages is a good way of avoiding 
these potential problems.

However, if teachers are unsure as to whether a project is the student’s own work they should employ a range of 
methods to check this fact. These may include:

• discussing with the student

• asking the student to explain the methods used and to summarize the results and conclusions

• asking the student to replicate part of the analysis using different data

• inviting the student to give a class presentation of his or her project

The requirement for teachers and students to sign the coversheet for internal assessment applies to the work of 
all students, not just the sample work that will be submitted to an examiner for the purpose of moderation. If the 
teacher and student sign a coversheet, but there is a comment to the effect that the work may not be authentic, 
the student will not be eligible for a mark in that component and no grade will be awarded. For further details 
refer to the IB publication Academic honesty and the relevant articles in the General regulations: Diploma 
Programme.

The same piece of work cannot be submitted to meet the requirements of both the internal assessment and the 
extended essay.

Group work
Group work should not be used for projects. Each project is an individual piece of work based on different data 
collected or measurements generated.

It should be made clear to students that all work connected with the project, including the writing of the project, 
should be their own. It is therefore helpful if teachers try to encourage in students a sense of responsibility for 
their own learning so that they accept a degree of ownership and take pride in their own work.

Time allocation
Internal assessment is an integral part of the mathematical studies SL course, contributing 20% to the final 
assessment in the course. This weighting should be ref lected in the time that is allocated to teaching the 
knowledge, skills and understanding required to undertake the work as well as the total time allocated to carry 
out the work.
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Internal assessment

It is expected that a total of approximately 25 teaching hours should be allocated to the work. This should 
include:

• time for the teacher to explain to students the requirements of the project

• class time for students to work on the project

• time for consultation between the teacher and each student

• time to review and monitor progress, and to check authenticity.

Using assessment criteria for internal assessment
For internal assessment, a number of assessment criteria have been identified. Each assessment criterion has 
level descriptors describing specific levels of achievement together with an appropriate range of marks. The 
level descriptors concentrate on positive achievement, although for the lower levels failure to achieve may be 
included in the description.

Teachers must judge the internally assessed work against the criteria using the level descriptors.

• The aim is to find, for each criterion, the descriptor that conveys most accurately the level attained by
the student.

• When assessing a student’s work, teachers should read the level descriptors for each criterion, starting
with level 0, until they reach a descriptor that describes a level of achievement that has not been reached.
The level of achievement gained by the student is therefore the preceding one, and it is this that should
be recorded.

• Only whole numbers should be recorded; partial marks, that is fractions and decimals, are not acceptable.

• Teachers should not think in terms of a pass or fail boundary, but should concentrate on identifying the
appropriate descriptor for each assessment criterion.

• The highest level descriptors do not imply faultless performance but should be achievable by a student.
Teachers should not hesitate to use the extremes if they are appropriate descriptions of the work being
assessed.

• A student who attains a high level of achievement in relation to one criterion will not necessarily attain
high levels of achievement in relation to the other criteria. Similarly, a student who attains a low level
of achievement for one criterion will not necessarily attain low achievement levels for the other criteria.
Teachers should not assume that the overall assessment of the students will produce any particular
distribution of marks.

• It is expected that the assessment criteria be made available to students.

Internal assessment details

Project
Duration: 25 teaching hours
Weighting: 20%

The purpose of the project
The aims of the mathematical studies SL course are carried through into the objectives that are formally 
assessed as part of the course, either through written examination papers, or the project, or both. The 
assessment criteria for the project have been developed to address these objectives. In addition to formally 

Page 11 of 74



Internal assessment

testing the objectives of the course, project work provides opportunities for students to achieve competence in 
areas that will contribute to their overall education, as well as to acquire qualities that are likely to contribute 
to their personal development.

The specific purposes of the project are to:

• develop students’ personal insight into the nature of mathematics and to develop their ability to ask their
own questions about mathematics

• encourage students to initiate and sustain a piece of work in mathematics

• enable students to acquire confidence in developing strategies for dealing with new situations and
problems

• provide opportunities for students to develop individual skills and techniques, and to allow students
with varying abilities, interests and experiences to achieve a sense of personal satisfaction in studying
mathematics

• enable students to experience mathematics as an integrated organic discipline rather than fragmented
and compartmentalized skills and knowledge

• enable students to see connections and applications of mathematics to other areas of interest

• provide opportunities for students to show, with confidence, what they know and what they can do.

Introduction of the project
Project work should be incorporated into the course so that students are given the opportunity to learn the 
skills needed for the completion of a successful project.

Time in class can therefore be used:

• for general discussion of areas of study for project work, such as: how data can be collected or
measurements generated; where data can be collected; how much data should be collected; different
ways of displaying data; what steps should be taken to analyse the data; how data should be evaluated

• to give students the opportunity to review and mark projects from previous years, using the assessment
criteria.

Further details on the development of the project are included in the teacher support material.

Requirements and recommendations
Each project must contain:

• a title

• a statement of the task and plan

• measurements, information or data that have been collected and/or generated

• an analysis of the measurements, information or data

• interpretation of results, including a discussion of validity

• appropriate notation and terminology.

Historical projects that reiterate facts but have little mathematical content are not appropriate and should be 
actively discouraged.

Work set by the teacher is not appropriate for a project.
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Internal assessment

Students can choose from a wide variety of project types, for example, modelling, investigations, applications 
and statistical surveys.

The project should not normally exceed 2,000 words, excluding diagrams, graphs, appendices and bibliography. 
However, it is the quality of the mathematics and the processes used and described that is important, rather 
than the number of words written.

The teacher is expected to give appropriate guidance at all stages of the project by, for example, directing 
students into more productive routes of inquiry, making suggestions for suitable sources of information, and 
providing general advice on the content and clarity of a project in the writing-up stage.

Teachers are responsible for indicating to students the existence of errors but should not explicitly correct these 
errors. It must be emphasized that students are expected to consult the teacher throughout the process.

All students should be familiar with the requirements of the project and the criteria by which it is assessed. 
Students need to start planning their projects as early as possible in the course. Deadlines, preferably 
reached by agreement between students and teachers, need to be firmly established. There needs to be a 
date for submission of the project title and a brief outline description, a date for the completion of data 
collection or generation, a date for the submission of the first draft and, of course, a date for project 
completion.

In developing their projects, students should make use of mathematics learned as part of the course. The 
level of sophistication of the mathematics should be similar to that suggested by the syllabus. It is not 
expected that students produce work that is outside the mathematical studies SL syllabus—however, this is 
not penalized.

Internal assessment criteria
The project is internally assessed by the teacher and externally moderated by the IB using assessment criteria 
that relate to the objectives for mathematical studies SL.

Each project is assessed against the following seven criteria. The final mark for each project is the sum of the 
scores for each criterion. The maximum possible final mark is 20.

Students will not receive a grade for mathematical studies SL if they have not submitted a project.

Criterion A Introduction

Criterion B Information/measurement

Criterion C Mathematical processes

Criterion D Interpretation of results

Criterion E Validity

Criterion F Structure and communication

Criterion G Notation and terminology
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Internal assessment

Criterion A: Introduction
In this context, the word “task” is defined as “what the student is going to do”; the word “plan” is defined as 
“how the student is going to do it”. A statement of the task should appear at the beginning of each project. It is 
expected that each project has a clear title.

Achievement level Descriptor

0 The project does not contain a clear statement of the task.

There is no evidence in the project of any statement of what the student is going 
to do or has done.

1 The project contains a clear statement of the task.

For this level to be achieved, the task should be stated explicitly.

2 The project contains a title, a clear statement of the task and a description of the 
plan.

The plan need not be highly detailed, but must describe how the task will be 
performed. If the project does not have a title, this achievement level cannot be 
awarded.

3 The project contains a title, a clear statement of the task and a detailed plan that 
is followed.

The plan should specify what techniques are to be used at each stage and the 
purpose behind them, thus lending focus to the task.

Criterion B: Information/measurement
In this context, generated measurements include those that have been generated by computer, by observation, 
by prediction from a mathematical model or by experiment. Mathematical information includes geometrical 
figures and data that is collected empirically or assembled from outside sources. This list is not exhaustive 
and mathematical information does not solely imply data for statistical analysis. If a questionnaire or survey is 
used then a copy of this along with the raw data must be included.

Achievement level Descriptor

0 The project does not contain any relevant information collected or relevant 
measurements generated.

No attempt has been made to collect any relevant information or to generate any 
relevant measurements.

1 The project contains relevant information collected or relevant generated 
measurements.

This achievement level can be awarded even if a fundamental flaw exists in the 
instrument used to collect the information, for example, a faulty questionnaire or 
an interview conducted in an invalid way.
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Internal assessment

Achievement level Descriptor

2 The relevant information collected, or set of measurements generated, is 
organized in a form appropriate for analysis or is sufficient in both quality and 
quantity.

A satisfactory attempt has been made to structure the information/measurements 
ready for the process of analysis, or the information/measurement collection 
process has been thoroughly described and the quantity of information justified. 
The raw data must be included for this achievement level to be awarded.

3 The relevant information collected, or set of measurements generated, is organized in 
a form appropriate for analysis and is sufficient in both quality and quantity.

The information/measurements have been properly structured ready for analysis 
and the information/measurement collection process has been thoroughly 
described and the quantity of information justified. If the information/
measurements are too sparse or too simple, this achievement level cannot be 
awarded. If the information/measurements are from a secondary source, then 
there must be evidence of sampling if appropriate. All sampling processes should 
be completely described.

Criterion C: Mathematical processes
When presenting diagrams, students are expected to use rulers where necessary and not merely sketch. A 
freehand sketch would not be considered a correct mathematical process. When technology is used, the student 
would be expected to show a clear understanding of the mathematical processes used. All graphs must contain 
all relevant information. The teacher is responsible for determining the accuracy of the mathematics used and 
must indicate any errors on the final project. If a project contains no simple mathematical processes, then the 
first two further processes are assessed as simple.

Achievement level Descriptor

0 The project does not contain any mathematical processes.

For example, where the processes have been copied from a book, with no attempt 
being made to use any collected/generated information.

Projects consisting of only historical accounts will achieve this level.

1 At least two simple mathematical processes have been carried out.

Simple processes are considered to be those that a mathematical studies SL student 
could carry out easily, for example, percentages, areas of plane shapes, graphs, 
trigonometry, bar charts, pie charts, mean and standard deviation, substitution into 
formulae and any calculations and/or graphs using technology only.

2 At least two simple mathematical processes have been carried out correctly.

A small number of isolated mistakes should not disqualify a student from 
achieving this level. If there is incorrect use of formulae, or consistent mistakes 
in using data, this level cannot be awarded.

3 At least two simple mathematical processes have been carried out correctly. All 
processes used are relevant.

The simple mathematical processes must be relevant to the stated aim of the project.
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Internal assessment

Achievement level Descriptor

4 The simple relevant mathematical processes have been carried out correctly. In 
addition, at least one relevant further process has been carried out.

Examples of further processes are differential calculus, mathematical modelling, 
optimization, analysis of exponential functions, statistical tests and distributions, 
compound probability. For this level to be achieved, it is not required that the 
calculations of the further process be without error. At least one further process 
must be calculated, showing full working.

5 The simple relevant mathematical processes have been carried out correctly. In 
addition, at least one relevant further process has been carried out.

All processes, both simple and further, that have been carried out are without error.

If the measurements, information or data are limited in scope, then this 
achievement level cannot be awarded.

Criterion D: Interpretation of results
Use of the terms “interpretation” and “conclusion” refer very specifically to statements about what the 
mathematics used tells us after it has been used to process the original information or data. Discussion of 
limitations and validity of the processes is assessed elsewhere.

Achievement level Descriptor

0 The project does not contain any interpretations or conclusions.

For the student to be awarded this level, there must be no evidence of 
interpretation or conclusions anywhere in the project, or a completely false 
interpretation is given without reference to any of the results obtained.

1 The project contains at least one interpretation or conclusion.

Only minimal evidence of interpretations or conclusions is required for this 
level. This level can be achieved by recognizing the need to interpret the results 
and attempting to do so, but reaching only false or contradictory conclusions.

2 The project contains interpretations and/or conclusions that are consistent with 
the mathematical processes used.

A “ follow through” procedure should be used and, consequently, it is irrelevant 
here whether the processes are either correct or appropriate; the only 
requirement is consistency.

3 The project contains a meaningful discussion of interpretations and conclusions 
that are consistent with the mathematical processes used.

To achieve this level, the student would be expected to produce a discussion 
of the results obtained and the conclusions drawn based on the level of 
understanding reasonably to be expected from a student of mathematical studies 
SL. This may lead to a discussion of underlying reasons for results obtained.

If the project is a very simple one, with few opportunities for substantial 
interpretation, this achievement level cannot be awarded.
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Internal assessment

Criterion E: Validity
Validity addresses whether appropriate techniques were used to collect information, whether appropriate 
mathematics was used to deal with this information, and whether the mathematics used has any limitations 
in its applicability within the project. Any limitations or qualifications of the conclusions and interpretations 
should also be judged within this criterion. The considerations here are independent of whether the particular 
interpretations and conclusions reached are correct or adequate.

Achievement level Descriptor

0 There is no awareness shown that validity plays a part in the project.

1 There is an indication, with reasons, if and where validity plays a part in the project.

There is discussion of the validity of the techniques used or recognition of any 
limitations that might apply. A simple statement such as “I should have used 
more information/measurements” is not sufficient to achieve this level. If the 
student considers that validity is not an issue, this must be fully justified.

Criterion F: Structure and communication
The term “structure” should be taken primarily as referring to the organization of the information, calculations 
and interpretations in such a way as to present the project as a logical sequence of thought and activities 
starting with the task and the plan, and finishing with the conclusions and limitations.

Communication is not enhanced by a large number of repetitive procedures. All graphs must be fully labelled 
and have an appropriate scale.

It is not expected that spelling, grammar and syntax are perfect, and these features are not judged in assigning 
a level for this criterion. Nevertheless, teachers are strongly encouraged to correct and assist students with the 
linguistic aspects of their work. Projects that are very poor linguistically are less likely to excel in the areas 
that are important in this criterion. Projects that do not reflect the significant time commitment required will 
not score highly on this assessment criterion.

Achievement level Descriptor

0 No attempt has been made to structure the project.

It is not expected that many students will be awarded this level.

1 Some attempt has been made to structure the project.

Partially complete and very simple projects would only achieve this level.

2 The project has been structured in a logical manner so that it is easily followed.

There must be a logical development to the project. The project must reflect the 
appropriate commitment for this achievement level to be awarded.

3 The project has been well structured in accordance with the stated plan and is 
communicated in a coherent manner.

To achieve this level, the project would be expected to read well, and contain 
footnotes and a bibliography, as appropriate. The project must be focused and 
contain only relevant discussions.
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Internal assessment

Criterion G: Notation and terminology
This criterion refers to the use of correct terminology and mathematical notation. The use of calculator or 
spreadsheet notation is not acceptable.

Achievement level Descriptor

0 The project does not contain correct mathematical notation or terminology.

It is not expected that many students will be awarded this level.

1 The project contains some correct mathematical notation or terminology.

2 The project contains correct mathematical notation and terminology throughout.

Variables should be explicitly defined. An isolated slip in notation need not 
preclude a student from achieving this level. If it is a simple project requiring 
little or no notation and/or terminology, this achievement level cannot be 
awarded.
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Introduction: 

Today, it is common knowledge that a person’s shoe size is directly proportional to 

their height, Therefore a tall person is believed to have bigger feet than a shorter person. And 

of course, I couldn’t help but wonder whether Prince Charming’s search for his beautiful, 

mysterious Cinderella, would have been far easier, had he been aware of this fact. For then, 

he could reasonably rule out more than half the maidens from his kingdom based solely upon 

their height in relation to the size of that single glass slipper.  

A person’s height depends on environmental and genetic factors and varies 

accordingly.  A person’s shoe size, on the other hand, depends upon a number of factors like 

the inclination of the heel, the make of the shoe and the system with which it is measured. For 

example, say Cinderella’s shoe size was 37 according to the European standards, it would be 

a 4 in the UK system, and say she went to the USA, it would automatically be measured as a 

6. Furthermore was she to buy flat shoes, her shoe size would be 4, and were she to buy shoes

with a slight heel, the inclination of the heel would make it a 3 and a half.  Thus it can be 

clearly concluded that a person’s shoe size depends upon a number of factors.   

Statement of task:  

I was curious to know if a person’s shoe size was dependant only upon their height or also 

upon their gender and their age. The Mathematics Internal Assessment has provided me with 

an opportunity to investigate this topic; which resulted in the creation of my research topic 

“Is there a correlation between height, age, gender and shoe size?”   I was able to fetch my 

raw data via a survey I conducted with the help of a questionnaire on an online website, 

which asked a person’s age, their gender, their height in feet and inches and their shoe size, 

according to the UK measuring system.  I will portray and analyse this information with the 

help of the following mathematical processes: 

1. Bar Graphs and pie charts

2. Chi-squared tests

3. Correlation co-efficient

4. Normal distribution.

This would allow for a more distinct presentation of the data collected in order to achieve a 

more accurate analysis and conclusion to my research topic.  
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Plan of action: 

Firstly to collect my primary data, I will need to set a questionnaire on an online 

survey machine, which will provide me with information of a person’s gender, their age, their 

height in feet and inches and their shoe size according to the UK measuring system. The 

gender and age are important as the average female’s height is usually lower than that of the 

average male. Furthermore a person’s height and shoe size increases as they grow older, so a 

10 year old’s shoe size has to increase after puberty at around 11 and 12. There is also a 

speculation, that as people cross the 55 year old threshold, their height decreases by a few 

inches, due to the bending of the spinal cord and therefore, the shoe size must be tested to 

know for sure, if it gets affected over age or not. So this brings me to my final hypothesis, 

which states that age, gender and height are all factors which influence a person’s shoe size.  

After having created my questionnaire and sending the online link to at least 200 

people between the ages 10 to 70, I will collect and organize the data on an excel spreadsheet. 

Then I will categorize and tabulate the data according to all three categories, which is shoe 

size versus age, shoe size versus gender and shoe size versus height. After doing this I will 

have to analyse my data, which I will do using a chi-squared test. I will use a chi-squared test 

to identify if each of these variables are independent of each other or not, i.e. I will test if the 

two variables are significantly dependent on each other, or any dependence is purely due to 

chance.  Additionally I will test the correlation coefficients between height and shoe size to 

determine whether these two factors are positively or negatively correlated. After which I will 

conduct a chi-squared test for goodness of fit between gender and shoe size, to see if the 

number of respondents can be normally distributed in a bell-curve about a mean shoe size.  
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DATA
1
:

CHART 1: Pie chart portraying the number of male and female responses recorded.

 The numbers of female respondents were higher and this is because I sent the

questionnaire to a number of my mother’s school friends who all responded promptly

and diligently. This could affect the validity of my exploration as I don’t have an

equal number of responses from both the gender groups.

Table 1: Table one shows the total number of males and females that responded to the 

questionnaire and their shoe size. 

GENDER 

SHOE SIZE 

(UK Size Chart) FEMALE MALE TOTAL 

3-5 10 6 16 

5-7 41 9 50 

7-9 27 21 48 

9-11 9 20 29 

11-13 0 12 12 

TOTAL 87 68 155 

1. Refer Appendix 1

FEMALE 
57% 

MALE 
43% 

MALE vs. FEMALE RESPONSES 
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 The above information clearly portrays that out of 87 women, a majority of them fell

under the 5-9 UK shoe size category, while out 68 males, a majority of them fell

under the 7-11 UK shoe size category. Furthermore there were more females that fell

under the 3-5 categories, than males. And out of 153 respondents there were no

females that went over UK shoe size 11.

CHART 2: Bar graph representing gender vs. shoe size.

 I then compared and contrasted the respondents’ shoe size in relation to their age and

categorized and tabulated it accordingly.
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TABLE 2: Shows the age of the participants in relation to their shoe size 

AGE GROUP (in years) 

SHOE 

SIZE 

(UK 

measuring 

system) 
10-20 20-30 30-40 40-50 50-60 60-70 TOTAL 

3-5 9 2 0 3 0 2 16 

5-7 13 12 4 13 6 2 50 

7-9 9 5 10 20 2 2 48 

9-11 8 7 2 11 0 1 29 

11-13 6 1 0 1 2 2 12 

TOTAL 45 27 16 48 10 9 155 

 Looking at the above data we can clearly infer that maximum responses were from the

age groups of 40-50 years and 10-20 years.  Furthermore the modal the average

Indian shoe size, across ages (since all the respondents were Indian) is 7-9 in UK shoe

sizes.

CHART 3: the above mentioned data has been represented by the bar graph below. 

*Each coloured bar stands for a different shoe size class.
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 Looking at the graph we clearly see the number of responses belonging to each age

group. The highest age frequency is from the class of 40-50 years, followed by 10-20

years. This can affect the validity of the results as there are more middle-aged

respondents than any other age group, thus it would have been better to have an equal

number of respondents from each age group.

TABLE 3: Data showing the number of people with a particular height in relation to their 

shoe size. 

HEIGHT( in cms.) 

SHOE 

SIZE <130 130-140 140-150 150-160 160-170 170-180 180-190 >190 TOTAL 

3-5 1 7 4 4 0 0 0 0 16 

5-7 0 0 0 31 19 0 0 0 50 

7-9 0 0 0 0 36 12 0 0 48 

9-11 0 0 0 0 0 23 6 0 29 

11-13 0 0 0 0 0 0 5 7 12 

TOTAL 1 7 4 35 55 35 11 5 155 

 Looking at the above data we can clearly infer that a person’s shoe size is directly

proportional to their height.

Page 26 of 74



CHART 4: bar graph representing the above information of a person’s shoe size in 

relation to their height.

 The above graph clearly shows that the number of respondents that fall under the 7-9

shoe size category is the maximum. Additionally there is a clear lack of people of

heights fewer than 160 centimetres to have shoe sizes above 7 UK.  Just as there is a

lack of people above 160 centimetres to have a shoe size less than 7UK

ANALYSIS 

CHI SQUARE TEST 

The chi-squared test is used to determine whether two factors are independent of each other 

or dependent.   A chi-square test statistically compares our observed data with our expected 

data which we obtained according to a specific hypothesis. Hence by calculating the chi-

square value we are able to determine whether there is a significant difference between the 

observed frequencies we obtained and the expected frequencies we calculates, or if any 

differences are solely due to chance. Upon comparing the chi-square calculated value to the 

chi-square critical value, we can then accordingly accept or reject our null hypothesis.  

Therefore a chi square test can be used to identify whether a person’s shoe size is 

independent of their age, gender and height, and accordingly supporting the null or alternate 

hypothesis.  
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1. Gender/shoe size:

GENDER 

SHOE SIZE FEMALE MALE TOTAL 

3-5 10 6 16 

5-7 41 9 50 

7-9 27 21 48 

>9 9 32 53 

TOTAL 87 68 155 

*Since certain values in the table have a frequency that is less than 5, the UK shoe size

groups from 9-11 and 11-13 have been pooled together, thus allowing the chi—squared test 

to be conducted.  

STEP 1: Framing the hypotheses: 

 𝑯𝒐: A person’s shoe size is independent of their gender.

 𝑯𝟏: A person’s shoe size is dependent on their gender.

STEP 2: Calculating the Degrees of Freedom (d.o.f): 

The degrees of freedom are calculated to ascertain whether the null hypothesis can be 

rejected simply based off the number of variables in the research.  

It is calculated with the following formula: 

(𝑑. 𝑜𝑓) = (𝑟 − 1)(𝑐 − 1) 

*where r is the number of rows and c is the number of columns.

(4 − 1)(2 − 1) = 3 

STEP 3: Contingency table: 

This table includes the observed frequencies (𝐹𝑜)  and the expected frequency (𝐹𝑒). 

The expected frequencies (𝐹𝑒) are calculated using the formula showed below: 

( 𝑇𝑜𝑡𝑎𝑙 𝑤ℎ𝑒𝑟𝑒 𝑡ℎ𝑒 𝑒𝑙𝑒𝑚𝑒𝑛𝑡 𝑖𝑠 𝑝𝑟𝑒𝑠𝑒𝑛𝑡)( 𝑇𝑜𝑡𝑎𝑙 𝑤ℎ𝑒𝑟𝑒 𝑡ℎ𝑒 𝑒𝑙𝑒𝑚𝑒𝑛𝑡 𝑖𝑠 𝑝𝑟𝑒𝑠𝑒𝑛𝑡)

(𝑇𝑜𝑡𝑎𝑙 𝐹𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 (𝑁))
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Table 4: the calculated expected frequencies: 

SHOE SIZE FEMALE MALE 

3-5 8.980645 7.019355 

5-7 28.06452 21.93548 

7-9 26.94194 21.05806 

>9 23.0129 17.9871 

Sample Calculations 

𝐹𝑒(10) =
(16)(87)

155
= 8.980645 

STEP 4: Calculating the chi-square value: 

After the calculation of the expected frequencies, the chi-square value is calculated using the 

following formula: 

𝐶ℎ𝑖 𝑆𝑞𝑢𝑎𝑟𝑒𝑑 𝐶𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑒𝑑 = ∑
(𝐹𝑜 − 𝐹𝑒)2

𝐹𝑒

Sample Calculation: 

(10 − 8.9806)2

8.9806
= 0.089427 

Table 5: The Chi Squared Values 

GENDER 

SHOE 

SIZE FEMALE MALE TOTAL 

3-5 0.115703 0.148031 0.263734 

5-7 5.962217 7.628131 13.59035 

7-9 0.000125 0.00016 0.000285 

>9 8.532665 10.91679 19.44945 

TOTAL 14.61071 18.69311 33.30382 

 Thus looking at the table our 𝑐ℎ𝑖 − 𝑠𝑞𝑢𝑎𝑟𝑒𝑑𝑐𝑎𝑙𝑐 value is 33.30382
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STEP 4: IDENTIFYING THE LEVEL OF SIGNIFICANCE. 

The level of significance is detected by using the table of chi-squared Critical Values. 

The 𝐶ℎ𝑖 𝑆𝑞𝑢𝑎𝑟𝑒 𝐶𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑒𝑑  value is compared with the 

𝐶ℎ𝑖 𝑆𝑞𝑢𝑎𝑟𝑒𝑑 𝑐𝑟𝑖𝑡𝑖𝑐𝑎𝑙 Value, as found in the table, in order to determine whether the 

null hypothesis should be accepted or rejected. The level of significance used for this 

test is 5%.  

STEP 5: ACCEPTING/ REJECTING THE NULL HYPOTHESIS. 

 𝐶ℎ𝑖 𝑆𝑞𝑢𝑎𝑟𝑒 𝐶𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑒𝑑 value = 33.30382

 𝐶ℎ𝑖 𝑆𝑞𝑢𝑎𝑟𝑒 𝐶𝑟𝑖𝑡𝑖𝑐𝑎𝑙 value= 7.81

Since the 𝑪𝒉𝒊 𝑺𝒒𝒖𝒂𝒓𝒆 𝑪𝒂𝒍𝒄𝒖𝒍𝒂𝒕𝒆𝒅  > 𝑪𝒉𝒊 𝑺𝒒𝒖𝒂𝒓𝒆 𝑪𝒓𝒊𝒕𝒊𝒄𝒂𝒍; Reject the null hypothesis. 

Therefore, Shoe size is dependent on gender. 

2. AGE vs. SHOE SIZE

AGE GROUP 

(in years) 

SHOE 

SIZE 10—30 >30 TOTAL 

3-5 11 5 16 

5-7 25 25 50 

7-9 14 34 48 

9-11 15 14 29 

11-13 7 5 12 

TOTAL 72 83 155 

*Since certain values in the table have a frequency that is less than 5, the UK shoe size

groups from 9-11 and 11-13 have been pooled together, thus allowing the chi—squared test 

to be conducted.  

STEP 1: Framing the hypotheses: 

 𝑯𝒐: A person’s shoe size is independent of their age.

 𝑯𝟏: A person’s shoe size is dependent on their age.
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STEP 2: Calculating the Degrees of Freedom (d.o.f): 

The degrees of freedom are calculated to ascertain whether the null hypothesis can be 

rejected simply based off the number of variables in the research.  

It is calculated with the following formula: 

(𝑑. 𝑜𝑓) = (𝑟 − 1)(𝑐 − 1) 

*where r is the number of rows and c is the number of columns.

(5 − 1)(2 − 1) = 4 

STEP 3: Contingency table: 

Table 6: the calculated expected frequencies: 

AGE GROUP 

SHOE SIZE 10—30 >30 

3-5 7.432258 8.567742 

5-7 23.22581 26.77419 

7-9 22.29677 25.70323 

9-11 13.47097 15.52903 

11-13 5.574194 6.425806 

 Sample Calculations

𝐹𝑒(11) =
(16)(72)

155
= 7.43 

STEP 4: Calculating the Chi Square value: 

After the calculation of the expected frequencies, the chi-square value is calculated using the 

following formula: 

𝐶ℎ𝑖 𝑆𝑞𝑢𝑎𝑟𝑒𝑑 𝐶𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑒𝑑 = ∑
(𝐹𝑜 − 𝐹𝑒)2

𝐹𝑒
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Sample Calculation: 

(10 − 7.432)2

7.432
= 0.089427 

Table 7: The Chi Squared Values 

AGE GROUP 

SHOE SIZE 10—30 >30 TOTAL 

3-5 1.712640009 1.485664 3.198304 

5-7 0.135528674 0.117567 0.253096 

7-9 3.087283453 2.678125 5.765409 

9-11 0.173553949 0.150553 0.324107 

11-13 0.364702808 0.316369 0.681072 

TOTAL 5.473708892 4.748278 10.22199 

 Thus looking at the table our 𝐶ℎ𝑖 𝑆𝑞𝑢𝑎𝑟𝑒𝑑 𝑐𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑒𝑑 value is 10.2199.

STEP 4: IDENTIFYING THE LEVEL OF SIGNIFICANCE. 

The level of significance is detected by using the table of Chi Squared Critical Values. The 

𝐶ℎ𝑖 𝑆𝑞𝑢𝑎𝑟𝑒 𝐶𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑒𝑑  value is compared with the 𝐶ℎ𝑖 𝑆𝑞𝑢𝑎𝑟𝑒 𝑐𝑟𝑖𝑡𝑖𝑐𝑎𝑙 Value, as found in 

the table, in order to determine whether the null hypothesis should be accepted or rejected. 

The level of significance used for this test is 5%.  

STEP 5: ACCEPTING/ REJECTING THE NULL HYPOTHESIS. 

 𝐶ℎ𝑖 𝑆𝑞𝑢𝑎𝑟𝑒 𝐶𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑒𝑑 value = 10.223

 𝐶ℎ𝑖 𝑆𝑞𝑢𝑎𝑟𝑒 𝑐𝑟𝑖𝑡𝑖𝑐𝑎𝑙  value= 9.49

Since the 𝑪𝒉𝒊 𝑺𝒒𝒖𝒂𝒓𝒆 𝑪𝒂𝒍𝒄𝒖𝒍𝒂𝒕𝒆𝒅 > 𝑪𝒉𝒊 𝑺𝒒𝒖𝒂𝒓𝒆 𝒄𝒓𝒊𝒕𝒊𝒄𝒂𝒍 Reject the null 

hypothesis.  

Therefore, Shoe size is dependent on gender.  
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Correlation co-efficient: 

Correlation Coefficient is a statistical measure which changes the value of one variable to 

predict change in the value of another. When variables are positively correlated, the values of 

both variables are directly proportional which means that as the value of one variable 

increases or decreases, so does the other in tandem. In negatively correlated variables the 

values are inversely proportional in which, as the value of one variable increases, the other 

decreases. Therefore it can be used to determine whether there is a strong or weak correlation 

between any two given variables. The value of r may vary from-1 to 1. If the value lies 

between -1 to 0 then there is a negative correlation whereas if the value lies between 0 to 1 

then there is a positive correlation, if the value of r is 0 then there is no correlation. 

STEP 1: Tabulating the data: 

 In order to calculate the correlation coefficient (r) the data needs to be tabulated.

Table 8: Correlation between height and shoe size. 

HEIGHT (in cms) 

SHOE 

SIZE 

150-160 

(x) 

170-180 

(y) 𝒙𝟐 𝒚𝟐 𝒙𝒚 

3-5 4 0 16 0 0 

5-7 31 0 961 0 0 

7-9 0 12 0 144 0 

9-11 0 23 0 529 0 

11-13 0 0 0 0 0 

TOTAL 35 35 977 673 0 

 From the above table we can clearly see that because there is a 0 value in almost every row

in either x or y column, the sum of xy is 0. This is because my sample size was very small,

i.e. I had only 150 participants, and therefore it affects the correlation test negatively.
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 The values calculated from the table are as follows:

n= 5 

x = 35 

y = 35 

xy = 0 

x
2  

= 977 

y
2 
= 673 

 The values shown above can be substituted into the following correlation coefficient

formula to calculate the value of (r):

𝑟 =
𝑛(∑ 𝑥𝑦) − (∑ 𝑥)(∑ 𝑦)

√[𝑛 ∑ 𝑥2 − (∑ 𝑥)2][𝑛 ∑ 𝑦2 − (∑ 𝑦)2]

 Therefore 𝑟 =
5(0)−(35)(35)

√5(977)−((35)(35))[5(673)−(35)(35)]

𝒓 = −𝟎. 𝟒𝟑𝟕𝟕𝟏𝟐𝟐 

 Therefore, since r = -0.4377122, we observe a weak negative correlation between

height and shoe size. The negative correlation is due to the fact that I have a very

small sample size, therefore not enough people in each shoe-size category.

 Least Square regression Line 

It is also known as “line of best fit” and is used to predict a value of the dependent variable 

for the value, which is given for the independent variable. Hence it will represent the 

correlation between the two variables  

 The formula, which is used to calculate the regression line is shown below: -

𝑦 − �̅� = 𝑟
(𝜎𝑦)

(𝜎𝑥)
(𝑥 − �̅� ) 

 The values calculated from the correlation coefficient table are:
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�̅�    =
35

5
= 7 

 �̅�    =
35

5
= 7 

𝜎𝑥 = √
1

5
(977) − (7)2 = 12.0995867 

𝜎𝑦 = √
1

5
(673) − (7)2 = 9.2520268 

𝑟   = −0.4377122 

 Substituting the values in the formula:

𝑦 − 7 = −0.4377122 ×
(9.2520268)

(12.0995867)
(𝑥 − 7) 

Thus, 𝒚 = −𝟎. 𝟑𝟑𝟒𝟔𝟗𝟗𝟒𝐱 +  𝟗. 𝟑𝟒𝟐𝟖𝟗𝟔𝟏𝟕 

CHART 5: Regression line of height vs. shoe size. 

 From the above graph we can clearly see that the values are highly scattered and the

line of best fit creates an acute angle with the x-axis. 
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 Normal Distribution: 

Normal distribution is a statistical test that portrays the probable distribution which associates 

the normal random variable X with a cumulative probability. When graphically represented, 

normal distribution depends on two constant factors – the mean of the distribution, which 

determines the location of the normal of the graph, and the standard deviation, which 

determines the height of the graph. All graphical representations of normal distributions look 

like symmetric, bell-shaped curves. Normal distribution can be represented by the general 

equation : 

𝑌 = {
1

[√2𝜋 𝜎]
} 𝑒−

1
2

(
𝑥−𝜇

𝜎
)

2

*Where X is a normal random variable, µ is the mean, 𝜎 is the standard deviation.

STEP 1: Tabulating the data 

 The data of gender vs. shoe size  was grouped according to a class frequency table of

shoe size vs. gender:

Table 8: Grouped frequency table of gender vs. shoe size. 

GENDER 

Shoe size FEMALE MALE TOTAL 

3-5 10 6 16 

5-7 41 9 50 

7-9 27 21 48 

9-11 9 20 29 

11-13 0 12 12 

TOTAL 87 68 155 
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CHART 4 : Bar graph representing a bell curve of the number of males normally 

distributes with shoe sizes. 

 From the above graph, one can observe that while it is not accurately bell-shaped, it is

close enough to determine whether the data is normally distributed or not.

STEP 2: Calculating the mean and standard deviation. 

 the mean was calculated using the general formula:

𝑠𝑢𝑚 𝑜𝑓 𝑎𝑙𝑙 𝑟𝑒𝑎𝑑𝑖𝑛𝑔𝑠

𝑇𝑜𝑡𝑎𝑙 𝑛𝑜. 𝑟𝑒𝑎𝑑𝑖𝑛𝑔𝑠 

µ =
6 + 9 + 21 + 12 + 20

5
= 8.6765 

 the standard deviation was calculated using the general formula:

σ =  √
1

𝑛
∑(𝑥𝑖 − 𝜇)2

𝑁

𝑖=1

√
1

5
∑(6 − 8.6765)2

5

𝑖=1

= 2.3414 
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STEP 3: Calculating the probability using a GDC 

Table 9:  Calculated probabilities using a GDC 

Shoe size MALE Probability 

3-5 6 0.05053269 

5-7 9 0.17881038 

7-9 21 0.31792167 

9-11 20 0.28451873 

11-13 12 0.12811945 

TOTAL 68 0.95990292 

SAMPLE CALCULATION: 

(GDC pathway)  

Menu         Statistics          Dist          Norm         Ncd  
2

STEP 5: Calculating the expected frequencies. 

Table 10:  Expected frequency table . 

Shoe 

size MALE Probability 

Expected 

frequencies  

(N)(Probability) 

3-5 6 0.05053269 3.4362 

5-7 9 0.17881038 12.1591 

7-9 21 0.31792167 21.6186 

9-11 20 0.28451873 19.3472 

11-13 12 0.12811945 8.712 

TOTAL 68 0.95990292 65.2731 

STEP 6: conducting a chi-squared test for goodness of fit. 

A chi squared test was used to test the goodness of fit between the theoretical data 

(expected frequencies) and experimental data (observed frequencies).  

𝑯𝒐: The number of males with a particular shoe size can be modelled by normal 

distribution at a mean of 8.6765 and a variance of 2.3147.  

𝑯𝟏: The number of males with a particular shoe size cannot be modelled by normal 

distribution at a mean of 8.6765 and a variance of 2.3147.  

2. Refer to appendix 3
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Table 11: contingency table. 

Shoe 

size MALE Probability E.F 

Chi-square 

values 

3-5 6 0.05053269 3.4362 1.912889366 

5-7 9 0.17881038 12.1591 0.820777262 

7-9 21 0.31792167 21.6186 0.017700774 

9-11 20 0.28451873 19.3472 0.022026331 

11-13 12 0.12811945 8.712 1.24092562 

TOTAL 68 0.95990292 65.2731 4.128240458 

 D.O.F:

(𝑑. 𝑜𝑓) = (𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑟𝑜𝑤𝑠 − 1) 

(5 − 1) = 4 

 𝑐ℎ𝑖 𝑠𝑞𝑢𝑎𝑟𝑒𝑑 𝐶𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑒𝑑 value = 4.1282

 𝐶ℎ𝑖 𝑠𝑞𝑢𝑎𝑟𝑒𝑑 𝑐𝑟𝑖𝑡𝑖𝑐𝑎𝑙 𝑣𝑎𝑙𝑢𝑒 = 9.49

 Therefore comparing the two values, we can accept the null hypothesis which states

that the number of males with a particular shoe size CAN be modelled by normal

distribution at a mean of 8.6765 and a variance of 2.3147, because

𝑐ℎ𝑖 𝑠𝑞𝑢𝑎𝑟𝑒𝑑 𝐶𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑒𝑑  < 𝐶ℎ𝑖 𝑠𝑞𝑢𝑎𝑟𝑒𝑑 𝑐𝑟𝑖𝑡𝑖𝑐𝑎𝑙 𝑣𝑎𝑙𝑢𝑒

Validity: 

While looking at the data I collected from the questionnaire I created, I observed that a few 

readings were anomalous with people who put their shoe-size between 3-5 UK, and height as 

6 feet 2 inches, which is why out of 160 participants I had to take only 155 readings, causing 

the validity of my project to drop drastically. Furthermore, the heights were rounded off as I 

do not think anyone actually measured their height to the correct centimetre while answering 

my questionnaire. Additionally, as I mentioned in the introduction, if a woman selected 

anyone of the shoe-sizes, according to a pair of heeled shoes she bought recently, her shoe 

size could vary as I was measuring the shoe-size measured in flat shoes, and I had not 

specified that. Additionally, one of my male friends who is 6 feet and 4 inches tall, had to 

select  the 11-13 UK shoe-size category, in spite of his shoe size being 14, because I failed to 

provide that option in my survey.  

I sent the questionnaire only to my classmates, teachers and family and friends, which limited 

my sample size as it was not an open questionnaire and had to be accessed via invitation. I 

had many respondents from the age group of 10-20 (29%) because those were mainly my 

own friends and classmates. Additionally I had a number of female respondents from the age 

group of 40-50 (31%) as those were my mother’s school and college friends.  
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This exploration would have been far more valid had I had an equal number of respondents 

from all age groups. However I could not conduct a chi-squared test to test whether shoe size 

was dependant on height or not, because of how small my sample size was.  

Conclusion 

Thus to conclude the exploration, I created observed values from the readings i got from my 

questionnaire, which enabled me to calculate my expected frequencies. I used the observed 

and expected frequencies to conduct chi-squared tests to judge whether shoe size was 

dependant on gender and age-group respectively. It was noted since the chi- square calculated 

values were greater than the chi-squared critical values both the null hypotheses were 

accepted and we concluded that shoe size was dependant on gender and age.  

We could also conclude  after conducting a correlation, that there was a weak negative 

correlation between height and shoe size, this meant that height and shoe size are not inter-

dependant, however since it was such a weak correlation, we can further conclude that this 

result was only due to how small the sample was. We also noted that a person’s shoe size 

could be normally distributed as the mean shoe size was 8, and the number of males less than 

8 and more than 8 can be portrayed by a bell curve. Thus we found that height, gender and 

age are the main factors that affect shoe-size, but there can always be other factors as well.  
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Appendices 

Appendix 1: Raw Data Table. 

Gender Age Group Height shoe size Ht. in cm 

Male 10-20 5f11' 7-9 180 

Male 40-50 5'7 inches 7-9 170 

Male 40-50 5' 9" 7-9 175 

Male 10-20 6'3" 11-13 191 

Male 10-20 5 feet 10inches 11-13 178 

Male 10-20 6' 3'' 11-13 191 

Male 30-40 5 ft 8 inches  9-11 173 

Male 30-40 176cm 9-11 176 

Male 10-20 6 feet 9-11 183 

Male 10-20 5 feet 4 inches  7-9 163 

Male 10-20 5'9" 7-9 175 

Male 40-50 5' 7'' 7-9 170 

Male 40-50 5' 11" 11-13 180 

Male 10-20 4 feet 3 inches  3-5 130 

Male 20-30 5.3 feet 5-7 160 

Male 10-20 4'4"  3-5 132 

Male 40-50 5'11'm 9-11 180 

Male 40-50 5'11'm 9-11 180 

Male 40-50 5'11'm 9-11 180 

Male 40-50 5'11'm 9-11 180 

Male 20-30 5.7 7-9 170 

Male 40-50 5'11' 9-11 180 

Male 40-50 6' 2" 9-11 188 

Male 40-50 5ft 7inches 7-9 170 

Male 10-20 5 ft 5-7 152 

Male 40-50 5feet 8inches 7-9 173 

Male 40-50 5'7" 7-9 170 

Male 10-20 5' 11" 9-11 180 

Male 40-50 175 7-9 175 

Male 40-50 5 ft. 11 inches  9-11 180 

Male 40-50 6' 9-11 183 

Male 40-50 6 Feet 7-9 183 

Male 60-80 5'-11" 7-9 180 

Male 10-20 5ft 3 inches 5-7 160 

Male 10-20 6'5" 11-13 196 

Male 40-50 5'11" 7-9 180 

Male 40-50 5'8" 9-11 173 

Male 40-50 5 feet 5 inches 7-9 165 

Male 30-40 170 7-9 170 

Male 10-20 

5feet 

and11inches 9-11 180 

Male 40-50 5.6 7-9 135 
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Male 10-20 5'10 11-13 178 

Male 20-30 5 11 9-11 180 

Male 60-80 5 feet 8.5 inches 9-11 174 

Male 40-50 6,6 3-5 198 

Male 60-80 6'1" 11-13 185 

Male 60-80 6'1" 11-13 185 

Male 20-30 5'11" 3-5 180 

Male 10-20 5'1" 3-5 155 

Male 40-50 5'8" 7-9 173 

Male 50-60 6'7" 11-13 201 

Male 50-60 6'7" 11-13 201 

Male 20-30 5'4" 5-7 163 

Male 10-20 6'2" 9-11 188 

Male 20-30 6'1" 9-11 185 

Male 20-30 6'7" 11-13 201 

Male 10-20 5'4" 5-7 163 

Male 20-30 5'4" 5-7 163 

Male 60-80 4'10" 3-5 148 

Male 10-20 5'2" 5-7 157 

Male 60-80 5'7" 5-7 170 

Male 50-60 5'5" 5-7 165 

Male 10-20 5.11 9-11 180 

Male 10-20 5'11 7-9 180 

Male 40-50 6 feet 9-11 183 

Male 10-20 5.6 7-9 168 

Male 10-20 5'10 11-13 178 

Male 60-80 5'9 7-9 175 

Female 10-20 5 feet 4 inches 3-5 163 

Female 10-20 5 1" 5-7 155 

Female 10-20 5 feets 5-7 152 

Female 10-20 5'11 9-11 180 

Female 10-20 5.5" 5-7 165 

Female 10-20 5'2  7-9 157 

Female 20-30 5.3 5-7 160 

Female 10-20 5 feet 2 inches 7-9 157 

Female 10-20 5 feet 6in. 5-7 168 

Female 40-50 5ft 6inches 5-7 168 

Female 40-50 5 feet 4.5 in 5-7 164 

Female 40-50 5.4" 5-7 163 

Female 40-50 5 feet 5 inches  7-9 165 

Female 10-20 5.4 7-9 163 

Female 40-50 5 feet 3 inches  7-9 160 

Female 40-50 5 feet 4 inches 7-9 163 

Female 20-30 5 ft 2 inches 5-7 157 

Female 40-50 5 ft 3 inches 5-7 160 

Female 40-50 5'3" 5-7 160 

Female 20-30 5'6 5-7 168 

Female 40-50 5feet 2 inches 5-7 157 
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Female 30-40 5ft 4in 7-9 163 

Female 10-20 5'2" 5-7 157 

Female 30-40 5'4" 5-7 163 

Female 30-40 5'4" 5-7 163 

Female 30-40 5'4" 5-7 163 

Female 

Female 

20-30 

20-30 

5.3 

5 feet 3 inches 

5-7 

5-7 

155 

155 

Female 40-50 5'2" 5-7 157 

Female 40-50 5.4 3-5 163 

Female 20-30 5'5 7-9 165 

Female 20-30 5'7 9-11 170 

Female 20-30 5'6 3-5 168 

Female 10-20 5ft 7" 7-9 170 

Female 10-20 5ft 6in  9-11 168 

Female 10-20 5 ft 2 inches  3-5 157 

Female 20-30 5'1 5-7 155 

Female 30-40 5.5 feet 7-9 165 

Female 40-50 5 feet 2 inches 5-7 157 

Female 50-60 5 feet 2 inches 5-7 157 

Female 40-50 5.2" 5-7 157 

Female 40-50 5ft 7inches 7-9 170 

Female 50-60 5".2. 5-7 157 

Female 10-20 5 ft 5 inches 5-7 165 

Female 40-50 40 9-11 183 

Female 20-30 5 ft 2 in 7-9 157 

Female 20-30 5"8' 7-9 173 

Female 20-30 5ft 3 in 5-7 160 

Female 30-40 5 feet 5 inches 5-7 165 

Female 20-30 5ft 5" 165cm 7-9 165 

Female 10-20 5'9 9-11 175 

Female 40-50 5 feet 7 inches 5-7 170 

Female 40-50 4 ft 11 inches 3-5 150 

Female 40-50 5 feet 5 inches 7-9 165 

Female 60-80 5ft 5in 5-7 165 

Female 40-50 5.7 7-9 170 

Female 10-20 5ft 3-5 152 

Female 30-40 5'2" 7-9 157 

Female 50-60 5.3 7-9 160 

Female 10-20 5'1" 3-5 155 

Female 40-50 5 feet 6 inches 5-7 168 

Female 30-40 5.6 7-9 168 

Female 30-40 5.5 7-9 165 

Female 50-60 5'1 5-7 155 

Female 40-50 5.3 7-9 160 

Female 30-40 5"4 7-9 163 

Female 50-60 5 ft 7 inches 7-9 170 

Female 50-60 5".2 5-7 157 

Female 40-50 5 feet 5 inches 7-9 165 
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Female 10-20 4 feet 5inches 5-7 135 

Female 10-20 4 feet 5inches 5-7 135 

Female 40-50 5 feet 2 inches 5-7 157 

Female 30-40 5 feet 5 inches 7-9 165 

Female 10-20 4'3" 3-5 130 

Female 20-30 5'4" 5-7 163 

Female 50-60 5'9" 5-7 175 

Female 60-80 4'11" 3-5 150 

Female 20-30 6'2" 9-11 188 

Female 10-20 4'2" 3-5 127 

Female 20-30 5'9" 9-11 175 

Female 20-30 5'11" 9-11 180 

Female 

Female 

40-50 

20-30 

5'6" 

5'9" 

5-7 

9-11 

168 

175 

Female 30-40 5'6" 7-9 168 

Female 30-40 6 feet 7-9 183 

Female 10-20 5'6 5-7 168 

Female 20-30 5'6 5-7 168 
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Appendix 2: Online questionnaire. 
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MATHEMATICAL STUDIES
STANDARD LEVEL
PAPER 1

Day  Date  Month Year (afternoon)

INSTRUCTIONS TO CANDIDATES

	Write your session number in the boxes above.
	Do not open this examination paper until instructed to do so.
	A graphic display calculator is required for this paper.
 A clean copy of the Mathematical Studies SL information booklet is required for this paper.
	Answer all questions 
	Write your answers in the boxes provided.
	Unless otherwise stated in the question, all numerical answers should be given exactly or 

correct to three significant figures.
 The maximum mark for this examination paper is [90 marks].

1 hour 30 minutes
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	Unless otherwise stated in the question, all numerical answers should be given exactly or 

correct to three significant figures.
 The maximum mark for this examination paper is [90 marks].

1 hour 30 minutes
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Examination code

–

Candidate session number
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Notation list

Appendices

Of the various notations in use, the IB has chosen to adopt a system of notation based on the 
recommendations of the International Organization for Standardization (ISO). This notation is used in 
the examination papers for this course without explanation. If forms of notation other than those listed 
in this guide are used on a particular examination paper, they are defined within the question in which 
they appear. 

Because students are required to recognize, though not necessarily use, IB notation in examinations, it 
is recommended that teachers introduce students to this notation at the earliest opportunity. Students 
are not allowed access to information about this notation in the examinations. 

Students must always use correct mathematical notation, not calculator notation. 

  the set of positive integers and zero, {0,1, 2, 3, ...}  



the set of integers, {0, 1, 2, 3, ...}± ± ±  

+


the set of positive integers, {1, 2, 3, ...} 


 the set of rational numbers 

+


the set of positive rational numbers, { | , 0}x x x∈ >  

  the set of real numbers 

+


the set of positive real numbers, { | , 0}x x x∈ >  

1 2{ , , ...}x x  the set with elements 1 2, , ...x x  

( )n A the number of elements in the finite set A 

∈ is an element of 

∉ is not an element of 

∅ the empty (null) set 

U the universal set 

∪  union 

∩  intersection 

⊂ is a proper subset of 

⊆ is a subset of 

A′  the complement of the set A 
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Notation list

p q∧ conjunction: p and q 

p q∨ disjunction: p or q (or both) 

p q∨  exclusive disjunction: p or q (not both) 

p¬  negation: not p 

p q⇒  implication: if p then q 

p q⇐  implication: if q then p 

p q⇔  equivalence: p is equivalent to q 

1/ ,   n na a a to the power 1
n

, nth root of a (if 0a ≥  then 0n a ≥ ) 

1n
na

a
− = a to the power n− , reciprocal of na  

1/ 2 ,   a a a to the power 1
2

, square root of a (if 0a ≥  then 0a ≥ ) 

x the modulus or absolute value of x, that is 
   for 0, 

 for 0, 
x x x
x x x

≥ ∈
− < ∈





≈  is approximately equal to 

>  is greater than 

≥  is greater than or equal to 

<  is less than 

≤  is less than or equal to 

>/ is not greater than 

</ is not less than 

nu the thn  term of a sequence 

d the common difference of an arithmetic sequence 

r the common ratio of a geometric sequence 

nS the sum of the first n terms of a sequence, 1 2 ... nu u u+ + +
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Notation list

1

n

i
i

u
=
∑ 1 2 ... nu u u+ + +

( )f x  the image of x under the function f 

d
d
y
x

the derivative of y with respect to x 

( )f x′  the derivative of ( )f x  with respect to x 

sin, cos, tan the circular functions 

A( , )x y the point A in the plane with Cartesian coordinates x and y 

Â  the angle at A 

ˆCAB  the angle between the lines CA and AB 

ABC∆  the triangle whose vertices are A, B and C 

P( )A  probability of event A 

P( )A′  probability of the event “not A” 

P( | )A B probability of the event A given the event B 

1 2, , ...x x  observations 

1 2, , ...f f  frequencies with which the observations 1 2, , ...x x  occur 

x mean of a set of data 

µ  population mean 

σ  population standard deviation 

2N( , )µ σ normal distribution with mean µ  and variance 2σ  

2N( , )X µ σ  random variable X has a normal distribution with mean µ  and variance 2σ  

 r Pearson’s product–moment correlation coefficient 

2χ  chi-squared 
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RESOURCES

1. Textbook ‐ Mathematics Standard Level  - Fabio Cirrito

2. Worksheets

3. PowerPoints

4. Handouts

5. Websites

a) https://www.khanacademy.org

b) www.ibo.org/globalassets/publications/recognition/5_mathsl.pdf

c) https://ibmathsresources.com/ib-sl-videos/

d) https://ibmathsresources.com/maths-teacher-resources/
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