ASSESSMENT DETAILS

External assessment details 5 hrs 80%

General

Paper 1, paper 2 and paper 3
These papers are externally set and externallyadaflogether they contribute 80% of the final nfarkhe
course. These papers are designed to allow studetgmonstrate what they know and what they can do

Calculators

Paper 1

Students are not permitted access to any calcu@tmstions will mainly involve analytic approaches t
solutions, rather than requiring the use of a GIP@ not intended to have complicated calculatjons
with the potential for careless errors. Howeveggjions will include some arithmetical manipulasion
when they are essential to the development of tlestpn.

Papers 2 and 3

Students must have access to a GDC at all timesekdr, not all questions will necessarily require
the use of the GDC. Regulations covering the typ&3DC allowed are provided in théade Mecum
Mathematics HL information booklet

Each student must have access to a clean copy @ffttrmation booklet during the examination. One
copy of this booklet is provided by the IBO as mirthe examination papers mailing.

Awarding of marks

Marks may be awarded for method, accuracy, anssyetgeasoning, including interpretation.

In paper 1, paper 2 and paper 3, full marks areneoessarily awarded for a correct answer with no
working. Answers must be supported by working andikplanations (in the form of, for example,
diagrams, graphs or calculations). Where an an@necorrect, some marks may be given for correct
method, provided this is shown by written workiAd).students should therefore be advised to sh@iv th
working.

Paper 1 2 hrs 30%

This paper consists of section A, short-respongstipns, and section B, extended-response
guestions. Each section will be worth 15% of thaltmark.

Syllabus coverage

« Knowledge ofall topics in the core of the syllabus is requiredtfos paper. However, not all
topics are necessarily assessed in every examirgggsion.
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Mark allocation

¢ This paper is worth20 marks, representing0% of the final mark.

« Questions of varying levels of difficulty and gth are set. Therefore, individual questions may
not necessarily be worth the same number of mdikes. exact number of marks allocated to
each question is indicated at the start of thetgures

Section A

This section consists of compulsory short-respansestions based on the core of the syllabus. It is
worth 60 marks, representing 15% of the final mark.

« The intention of this section is to test students’ knowledge at¢hesdreadth of the core.
However, it should not be assumed that the sepaogies from the core are given equal
emphasis.

Question type
¢ A small number of steps is needed to solve eaelstipn.

¢ Questions may be presented in the form of wags\bols, diagrams or tables, or combinations
of these.

Section B

This section consists of compulsory extended-respauestions based on the core of the syllabus. It
is worth 60 marks, representing 15% of the finatkna

< Individual questions may require knowledge of entiran one topic from the core.

¢ The intention of this section is to test studektowledge of the core in depth. The range of
syllabus topics tested in this paper may be nanrdlan that tested in section A.

* To provide appropriate syllabus coverage of daplt, some questions in this section are likely
to contain two or more unconnected parts. Wherg dlecurs, the unconnected parts will be
clearly labelled as such.

Question type
« Questions require extended responses involvistased reasoning.
¢ Individual questions may develop a single thembeodivided into unconnected parts.

¢ Questions may be presented in the form of wagsibols, diagrams or tables, or combinations
of these.

« Normally, each question reflects an incline dficlilty, from relatively easy tasks at the stargo
guestion to relatively difficult tasks at the erfcaaquestion. The emphasis is on problem solving.

Paper 2 2 hrs 30%

This paper consists of section A, short-responsstipns, and section B, extended-response
guestions. Each section will be worth 15% of thaltmark.

Syllabus coverage

* Knowledge ofall topics in the core of the syllabus is requiredtfis paper. However, not all
topics are necessarily assessed in every examingggsion.
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Mark allocation

¢ This paper is worth20 marks, representing0% of the final mark.

« Questions of varying levels of difficulty and gth are set. Therefore, individual questions may
not necessarily be worth the same number of mdikes. exact number of marks allocated to
each question is indicated at the start of thetgures

Section A

This section consists of compulsory short-respansestions based on the core of the syllabus. It is
worth 60 marks, representing 15% of the final mark.

« The intention of this section is to test students’ knowledge at¢hesdreadth of the core.
However, it should not be assumed that the sepaogies from the core are given equal
emphasis.

Question type
¢ A small number of steps is needed to solve eaelstipn.

¢ Questions may be presented in the form of wags\bols, diagrams or tables, or combinations
of these.

Section B

This section consists of compulsory extended-respauestions based on the core of the syllabus. It
is worth 60 marks, representing 15% of the finatkna

< Individual questions may require knowledge of entiran one topic from the core.

¢ The intention of this section is to test studektowledge of the core in depth. The range of
syllabus topics tested in this paper may be nanrdlan that tested in section A.

* To provide appropriate syllabus coverage of daplt, some questions in this section are likely
to contain two or more unconnected parts. Wherg dlecurs, the unconnected parts will be
clearly labelled as such.

Question type

« Questions require extended responses involvistased reasoning.
¢ Individual questions may develop a single thembeodivided into unconnected parts.

¢ Questions may be presented in the form of wagsibols, diagrams or tables, or combinations
of these.

« Normally, each question reflects an incline dficlilty, from relatively easy tasks at the stargo
guestion to relatively difficult tasks at the erfcaaquestion. The emphasis is on problem solving.

Paper 3 1 hr 20%

This paper consists of four sections, one on eddheoptions in the syllabus. Each section has a
small number of extended-response questions basé@dynon the option topic. Where possible, the
first part of each question will be on core matdeading to the option topic. When this is notdida
achievable, as for example with the discrete madétiesi option, the level of difficulty of the earlie
part of a question will be comparable to that &f tore questions.

Students must answer questions on one option togic Students must answer all the questions in
the section chosen.
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Syllabus coverage

¢ Students must answer all the questions baselkeoogtion they have studied.

« Knowledge of the entire content of the optiondgtd is required for this paper, as well as the
core material.

Question type

« Questions require extended responses involvistased reasoning.

¢ Individual questions may develop a single thembéedivided into unconnected parts. Where
this occurs, the unconnected parts will be cletbelled as such.

¢ Questions may be presented in the form of wagsbols, diagrams or tables, or combinations
of these.

« Normally, each question reflects an incline dfidilty, from relatively easy tasks at the stafit o
a question to relatively difficult tasks at the eofda question. The emphasis is on problem
solving.

Mark allocation

¢ This paper is wortlB0 marks, representing0% of the final mark. Approximatel§5 marks are
allocated to core material (or work of a similard.

¢ Questions in this section may be unequal in tesmgngth and level of difficulty. Therefore,
individual questions may not necessarily be wdmhdame number of marks. The exact number
of marks allocated to each question is indicatethatstart of each question. Each section is
worth 60 marks, and the overall level of difficulty of easéction should be the same.

Guidelines

Notation

Of the various notations in use, the IBO has chdseadopt a system of notation based on the
recommendations of the International OrganizatmmStandardization (ISO). This notation is used in
the examination papers for this course without @&xation. If forms of notation other than thoseelist

in this guide are used on a particular examingpiaper, they are defined within the question in Wwhic
they appear.

Because students are required to recognize, thooighecessarily use, IBO notation in examinations,
it is recommended that teachers introduce studeritss notation at the earliest opportunity. Stide
arenot allowed access to information about this notatiothe examinations.

In a small number of cases, students may needealisrnative forms of notation in their written
answers. This is because not all forms of IBO mmtatan be directly transferred into handwritten
form. For vectors in particular the IBO notatioress bold, italic typeface that cannot adequately b
transferred into handwritten form. In this casecteers should advise candidates to use alternative
forms of notation in their written work (for exaneplx’, X or x).

Students must always use correct mathematicaliopntatot calculator notation.
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N the set of positive integers and zero, {0,1, 2,13, ...
Z the set of integers, {& % 2 3,..}

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

Q the set of rational numbers

Q" the set of positive rational numbers, & |Q », 0}
R the set of real numbers

R* the set of positive real numberx & |R %, 0}
A the set of complex numbersa{ bia|b, R }

i V31

z a complex number

z the complex conjugate af

| z| the modulus of

argz the argument of

Rez the real part ot

Imz the imaginary part of

{% X ...} the set with elements, x,, ...

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

{x 1} the set of allxsuch that

is an element of

is not an element of

the empty (null) set
U the universal set

union

intersection

is a proper subset of
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is a subset of

A the complement of the s&
Ax B the Cartesian product of sefsand B (thatis,AxB={(a b |a Ab B})
alb a dividesb
a’". ta ato the power o&, n" root ofa (if a 0 then ¥a 0)
n

a’?, Ja ato the power%, square root o& (if a O then+/a 0)

. -Xforx 0,x \
|X| the modulus or absolute valuexpthat is ®

x for x<0, x '\
identity

is approximately equal to
> is greater than

is greater than or equal to
< is less than

is less than or equal to

b is not greater than

¥ is not less than

[a, b] the closed intervah x b

la.q the open intervah < x<b

u, the " term of a sequence or series

d the common difference of an arithmetic sequence

r the common ratio of a geometric sequence

S, the sum of the first terms of a sequenca, + u, +... + u,
S the sum to infinity of a sequence,+ u, +...
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f:x6y

f(x)

fél

U+ U, +...+,

Uy X U, X...X U,

n!
ri(n Sr)!

fis a function under which each element offsbfis an image in st
f is a function under whickis mapped ty

the image ok under the functiof

the inverse function of the functidn

the composite function dfandg

the limit of f (X) asx tends taa

the derivative ofy with respect tx

the derivative off X )with respect tx

the second derivative gfwith respect tx

the second derivative of x( With respect to

the n" derivative ofy with respect to

the n" derivative of f & )with respect tx

the indefinite integral of with respect tx

the definite integral of with respect tx between the limitsk=a and x=b

exponential function of
logarithm to the basa of x

the natural logarithm of, log, x
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sin, cos, tan the circular functions

arcsin, arccosys ) ) _
3 the inverse circular functions

arctan ¢
Ccsc, sec, cot the reciprocal circular functions
A(x ) the point A in the plane with Cartesian coordinateady
[AB] the line segment with end points A and B
AB the length of AB]
(AB) the line containing points A and B
A the angle at A
CAB the angle betwee[CA| and[AB]
ABC the triangle whose vertices are A, B and C
% the vectowv

the vector represented in magnitude and directjoiiné directed line segment
AB from Ato B

a the position vector OA

ihj, k unit vectors in the directions of the Cartesianrdowate axes
|al the magnitude od

|AB| the magnitude of AB

vV W the scalar product afandw

VX W the vector product of andw

A the inverse of the non-singular matAx

AT the transpose of the matrix

detA the determinant of the square mathix

I the identity matrix

PA) probability of eveni\
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P(A) probability of the event “no\”
P(A[B) probability of the even givenB
Xy Xy e observations
[T P frequencies with which the observatiorsx,, ... occur
P, probability distribution function P{ x pf the discrete random variabte
f(x) probability density function of the continuous random varidble
F(x) cumulative distribution function of the continuous random varixble
E(X) the expected value of the random variable
Var (X) the variance of the random variable
M population mean
PP
2 population variance, 2 :ﬁ wheren = IE f,

i

population standard deviation

X sample mean
§ S\ 2
5 _ : fi ()ﬂ S X) k
S sample variances’ =-= , Wheren = : f
n i=1
S, standard deviation of the sample
k ~
n : f.(x S%)°
2 . . . . i
s unbiased estimate of the population variargig,=— == ,
Sa pop e = S .l
k
wheren= 1 f
L
B(n, p) binomial distribution with parametensandp
Po(m) Poisson distribution with mean
N(ﬂ, 2) normal distribution with meap/ and variance 2
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X ~B(n, p) the random variabl¥ has a binomial distribution with parametarandp
X~ Po(m) the random variabl¥ has a Poisson distribution with mean
X~ N(u, 2) the random variabl¥ has a normal distribution with mean and variance ?

cumulative distribution function of the standardizeormal variable with
distribution N(0, 1)

number of degrees of freedom

chi-squared distribution

- 2
2 the chi-squared test statistic, wherg,, = ! (fo ST
calc c | fe
A\B the difference of the sefsandB (thatis, A\B=A B={3 x Aandx B}
A B the symmetric difference of the sét@andB (thatis, A B= (A\B) (B\A)
n a complete graph with vertices

a complete bipartite graph with one sehafertices and another setraf

vertices
z, the set of equivalence classes {0,1,2,pS ofjintegers modulg
gcd@,b) the greatest common divisor of integarandb
lcm(a, b) the least common multiple of integersindb
As the adjacency matrix of grajih
Ce the cost adjacency matrix of gra@h
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Glossary of command terms

The following command terms are used without exgli@m on examination papers. Teachers should
familiarize themselves and their students withtérens and their meanings. This list is not exhaasti
Other command terms may be used, but it shouldsenaed that they have their usual meaning (for
example, “explain” and “estimate”). The terms ird#d here are those that sometimes have a meaning
in mathematics that is different from the usual nieg.

Further clarification and examples can be founth@éteacher support material.

Write down

Calculate

Find

Determine

Differentiate
Integrate
Solve

Draw

Sketch

Plot
Compare
Deduce
Justify
Prove

Show that

Hence

Hence or
otherwise

Obtain the answer(s), usually by extracting infaiora Little or no calculation is
required. Working does not need to be shown.

Obtain the answer(s) showing all relevant workliftgnd” and “determine” can also
be used.

Obtain the answer(s) showing all relevant workii@glculate” and “determine” can
also be used.

Obtain the answer(s) showing all relevant workifgnd” and “calculate” can also be
used.

Obtain the derivative of a function.

Obtain the integral of a function.

Obtain the solution(s) or root(s) of an equation.

Represent by means of a labelladcurate diagram or graph, using a pencil. A ruler
(straight edge) should be used for straight libeagrams should be drawn to scale.
Graphs should have points correctly plotted (ifrappate) and joined in a straight
line or smooth curve.

Represent by means of a diagram or graph, labélieduired. A sketch should give
a general idea of the required shape of the diagragnaph. A sketch of a graph
should include relevant features such as intercepagima, minima, points of
inflexion and asymptotes.

Mark the position of points on a diagram.

Describe the similarities and differences betweemdr more items.

Show a result using known information.

Give a valid reason for an answer or conclusion.

Use a sequence of logical steps to obtain the redjuésult in a formal way.

Obtain the required result (possibly using inforimragiven) without the formality of
proof. “Show that” questions should not generalty*inalysed” using a calculator.

Use the preceding work to obtain the required result.

It is suggested that the preceding work is usetlpther methods could also receive
credit.
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Weighting of objectives

Some objectives can be linked more easily to tfferént types of assessment. In particular, some will
be assessed more appropriately in the internal assessment (as indicated in the &dicticingand
only minimally in the examination papers.

Objective Percentage
weighting

Know and use mathematical concepts and principles. 15%

Read, interpret and solve a given problem usingagpjate mathematical terms. 15%

Organize and present information and data in tabgtaphical and/or 12%

diagrammatic forms.

Know and use appropriate notation and terminolagignal assessment). 5%

Formulate a mathematical argument and communitatedrly. 10%

Select and use appropriate mathematical strategies and techniques. 15%

Demonstrate an understanding of both the signifieaand the reasonableness of 5%

results (internal assessment).

Recognize patterns and structures in a varietjtditions, and make 3%

generalizations (internal assessment).

Recognize and demonstrate an understanding ofdiotiqgal applications of 3%

mathematics (internal assessment).

Use appropriate technological devices as mathemhédiols (internal assessment). 15%

Demonstrate an understanding of and the appropreg®f mathematical 20

modelling (internal assessment).

Internal assessment details 20%

The purpose of the portfolio

The purpose of the portfolio is to provide studemith opportunities to be rewarded for mathematics
carried out under ordinary conditions, that is hwiit the time limitations and pressure associatiéd w
written examinations. Consequently, the emphas@uldhbe on good mathematical writing and
thoughtful reflection.

The portfolio is also intended to provide studenmith opportunities to increase their understandihg
mathematical concepts and processes. It is hoped that, by doing portfolio twdekts benefit from
these mathematical activities and find them bdthwating and rewarding.
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The specific purposes of portfolio work are to:

» develop students’ personal insight into the ratfrmathematics and to develop their ability to
ask their own questions about mathematics

¢ provide opportunities for students to completéerded pieces of mathematical work without
the time constraints of an examination

< enable students to develop individual skills éechniques, and to allow them to experience the
satisfaction of applying mathematical processethein own

e provide students with the opportunity to expecierfor themselves the beauty, power and
usefulness of mathematics

¢ provide students with the opportunity to discowese and appreciate the power of a calculator
or computer as a tool for doing mathematics

* enable students to develop the qualities of patieand persistence, and to reflect on the
significance of the results they obtain

¢ provide opportunities for students to show, witinfidence, what they know and what they can do.

Objectives

The portfolio is internally assessed by the teacmst externally moderated by the IBO. Assessment
criteria have been developed to relate to the mathematics objectives. In developingitbgage
particular attention has been given to the objestisted here, since these cannot be easily addressed
by means of timed, written examinations.

Where appropriate in the portfolio, students angeeied to:
¢ know and use appropriate notation and terminology
¢ organize and present information and data inlsabgraphical and/or diagrammatic forms
* recognize patterns and structures in a variesjtaations, and make generalizations
¢ demonstrate an understanding of and the appteprse of mathematical modelling
¢ recognize and demonstrate an understanding gfrt@ical applications of mathematics
« use appropriate technological devices as matheah&bols.

Requirements

The portfolio must consist of two pieces of workigaed by the teacher and completed by the student
during the course.

Each piece of student work contained in the padfolust be based on:
« an area of the syllabus
< one of the two types of tasks
+ type l—mathematical investigation
+ type ll—mathematical modelling.

The level of sophistication of the students’ mathdoal work should be similar to that contained in
the syllabus. It is not intended that additiongii¢s are taught to students to enable them to catenpl
particular task.

Each portfolio must contain two pieces of studentkyeach of the two types of task: the portfolio
must contain one type | and one type Il piece of work.
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Teaching considerations

These tasks should be completed at intervals thamutghe course and should not be left until toward
the end. Teachers are encouraged to allow students the opportunity to gaplous aspects of as
many different topics as possible.

Portfolio work should be integrated into the couofestudy so that it enhances student learning by
introducing a topic, reinforcing mathematical megnior taking the place of a revision exercise.
Therefore, each task needs to correspond to theseaid study devised by the individual teacher in
terms of the knowledge and skills that the studbate been taught.

Use of technology

The need for propanathematical notation and terminology, as opposec#dculator or computer
notation must be stressed and reinforced, as weldequate documentation of technology usage.
Students will therefore be required to reflect tve tmathematical processes and algorithms the
technology is performing, and communicate themrblesnd succinctly.

Type l—mathematical investigation

While many teachers incorporate a problem-solving approdottiheir classroom practice, students
also should be given the opportunity formally targaout investigative work. The mathematical
investigation is intended to highlight that:

¢ the idea of investigation is fundamental to thalg of mathematics

« investigation work often leads to an appreciatérhow mathematics can be applied to solve
problems in a broad range of fields

¢ the discovery aspect of investigation work desperderstanding and provides intrinsic motivation

« during the process of investigation, studentsusegmathematical knowledge, problem-solving
techniques, a knowledge of fundamental conceptsaridcrease in self-confidence.

All investigations develop from an initial problerte starting point. The problem must be clearly
stated and contain no ambiguity. In addition, thebfem should:

¢ provide a challenge and the opportunity for duitgt

e contain multi-solution paths, that is, contaire thotential for students to choose different
courses of action from a range of options.

Essential skills to be assessed
¢ Producing a strategy
¢ Generating data
¢ Recognizing patterns or structures
e Searching for further cases
¢ Forming a general statement
¢ Testing a general statement
¢ Justifying a general statement
» Appropriate use of technology
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Type II—Mathematical modelling

Problem solving usually elicits a process-oriergpgroach, whereas mathematical modelling requires
an experimental approach. By considering diffeadtgrnatives, students can use modelling to arrive
at a specific conclusion, from which the problenm ¢&& solved. To focus on the actual process of
modelling, the assessment should concentrate oappriateness of the model selected in relation
to the given situation, and on a critical interptein of the results of the model in the real-world
situation chosen.

Mathematical modelling involves the following skill
« Translating the real-world problem into mathematics
¢ Constructing a model
« Solving the problem

e Interpreting the solution in the real-world sifioa (that is, by the modification or amplification
of the problem)

¢ Recognizing that different models may be usesbtee the same problem
¢ Comparing different models

« ldentifying ranges of validity of the models

« Identifying the possible limits of technology

¢ Manipulating data

Essential skills to be assessed
¢ |dentifying the problem variables
¢ Constructing relationships between these variables
¢ Manipulating data relevant to the problem

e Estimating the values of parameters within thedehdhat cannot be measured or calculated
from the data

» Evaluating the usefulness of the model
e Communicating the entire process
« Appropriate use of technology

Follow-up and feedback

Teachers should ensure that students are awahe significance of the results/conclusions that may
be the outcome of a particular task. This is paldity important in the case when investigative kvor
is used to introduce a topic on the syllabus. Teechhould allow class time for follow-up work when
developing the course of study.

Students should also receive feedback on their own work so that they are aware ofivalternat
strategies for developing their mathematical thigkand are provided with guidance for improving
their skills in writing mathematics.
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