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4 IB WORLD SCHOOL 1309 (25013 Gdansk)
Mathematics: analysis and approaches
syllabus & course of study
(based on Mathematics: analysis and approaches
guide,
first exams 2021,

SL: 5h/week in the first year and 6h/week in the second year

HL: 7h/week in the first year and 9h/week in the second year)

A. COURSE AIMS

The aims of all DP mathematics courses are to enable students to:

>

develop a curiosity and enjoyment of mathematics, and appreciate its elegance and
power

develop an understanding of the concepts, principles and nature of mathematics
communicate mathematics clearly, concisely and confidently in a variety of
contexts

develop logical and creative thinking, and patience and persistence in problem solving
to instil confidence in using mathematics

employ and refine their powers of abstraction and generalization

take action to apply and transfer skills to alternative situations, to other areas of
knowledge and to future developments in their local and global communities
appreciate how developments in technology and mathematics influence each other
appreciate the moral, social and ethical questions arising from the work of
mathematicians and the applications of mathematics

appreciate the universality of mathematics and its multicultural, inter-national and
historical perspectives

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

develop the ability to reflect critically upon their own work and the work of others
independently and collaboratively extend their understanding of mathematics.



B. COURSE OBIJECTIVES

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.

The assessment objectives are common to Mathematics: analysis and approaches and to
Mathematics: applications and interpretation.

(@)

Knowledge and understanding: Recall, select and use their knowledge of
mathematical facts, concepts and techniques in a variety of familiar and unfamiliar

contexts.

Problem solving: Recall, select and use their knowledge of mathematical skills, results
and models in both abstract and real-world contexts to solve problems.
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; use appropriate notation and
terminology.

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

Reasoning: Construct mathematical arguments through use of precise statements,
logical deduction and inference and by the manipulation of mathematical expressions.
Inquiry approaches: Investigate unfamiliar situations, both abstract and from the real
world, involving organizing and analysing information, making conjectures, drawing
conclusions, and testing their validity.

The exploration is an integral part of the course and its assessment, and is compulsory for
both SL and HL 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.

C. COURSE OVERVIEW

C1. Course Content:

C.1.Syllabus component:

number and algebra

functions

geometry and trigonometry

statistics and probability

calculus

development of investigational, problem-solving and modelling skills and the
exploration of an area of mathematics



C.2.Textbook& reference books

SL: I. Wazir, T. Garry Mathematics: Analysis and Approaches Standard Level
for the IB Diploma

HL: I. Wazir, T. Garry Mathematics: Analysis and Approaches Higher Level
for the IB Diploma

C.3 Other requirements
TI-Nspire CX Calculator

Other issues are settled in relevant school documents- academic integrity, assessment,
inclusion and language policies

D. COURSE OF STUDY

THEMES/ | Content- topics Time

UNITS provision
Number and | SL/HL 30 hours
algebra e Operations with numbers in the form a x 10k

where 1 <a< 10 and kis an integer.

e Arithmetic sequences and series. Use of the
formulae for the n th term and the sum of the
first n terms of the sequence. Use of sigma
notation for sums of arithmetic sequences.

e Geometric sequences and series. Use of the
formulae for the n th term and the sum of the
first n terms of the sequence.

e Use of sigma notation for the sums of
geometric sequences.

e Financial applications of  geometric
sequences and series: compound interest
and annual depreciation.

e Laws of exponents with integer exponents.

e Introduction to logarithms with base 10 and
e. Numerical evaluation of logarithms using
technology.

e Simple deductive proof, numerical and
algebraic; how to lay out a left-hand side to
right-hand side (LHS to RHS) proof. The
symbols and notation for equality and
identity.

e Laws of exponents with rational exponents.

o Laws of logarithms. logaxy = logax + logay loga
x/y = logax — logay log.x™ = mlogax for a, x, y >
0

e Change of base of a logarithm.




Solving exponential equations, including
using logarithms.

Sum of infinite convergent geometric
sequences

The binomial theorem

Use of Pascal’s triangle and "C; .

HL only 20 hours

e Counting principles, including permutations
and combinations.

e Extension of the binomial theorem to
fractional and negative indices, ie (a + b)", n
€ Q.

e Partial fractions.

e Complex numbers: the number i, wherei2 =
- 1. Cartesian form z = a + bi; the terms real
part, imaginary part, conjugate, modulus and
argument.

e The complex plane.

e Modulus—argument (polar) form: z =r(cos0 +
isinB) = rcisO . Euler form: z = re'®

e Sums, products and quotients in Cartesian,
polar or Euler forms and their geometric
interpretation.

e Complex conjugate roots of quadratic and
polynomial equations with real coefficients.

e De Moivre’s theorem and its extension to
rational exponents.

e Powers and roots of complex numbers.

e Proof by mathematical induction.

e Proof by contradiction

e Use of a counterexample to show that a
statement is not always true.

e Solutions of systems of linear equations (a
maximum of three equations in three
unknowns), including cases where there is a
unique solution, an infinite number of
solutions or no solution.

Functions SL/HL 60 hours

Different forms of the equation of a straight
line. Gradient; intercepts. Lines with
gradients m1 and m; Parallel lines m1 = m,.
Perpendicular linesmixmy=-1

Concept of a function, domain, range and
graph. Function notation, for example f(x),
v(t), C(n). The concept of a function as a
mathematical model.

Informal concept that an inverse function
reverses or undoes the effect of a function.




HL only

Inverse function as a reflection in the liney =
x, and the notation f*

The graph of a function; its equation
Creating a sketch from information given or
a context, including transferring a graph
from screen to paper. Using technology to
graph functions including their sums and
differences.

Determine key features of graphs.

Finding the point of intersection of two
curves or lines using technology.

Composite functions

Identity function. Finding the inverse
function.

The quadratic function f(x) = ax2 + bx + c: its
graph, y -intercept (0, c). Axis of symmetry.
The form f(x) = a(x - p)(x - q), xintercepts (p,
0) and (g, 0). The form f(x) =a (x - h) 2 + k,
vertex (h, k)

Solution of quadratic equations and
inequalities. The quadratic formula.

The discriminant A = b 2 - 4ac and the nature
of the roots, that is, two distinct real roots,
two equal real roots, no real roots.

The reciprocal function f(x) = 1 x, x # 0: its
graph and self-inverse nature.

Rational functions of the form f(x) = (ax + b)/
(ex + d) and their graphs. Equations of
vertical and horizontal asymptotes.
Exponential functions and their graphs.
Logarithmic functions and their graphs.
Solving equations, both graphically and
analytically

Use of technology to solve a variety of
equations, including those where there is no
appropriate analytic approach.

Applications of graphing skills and solving
equations that relate to real-life situations.
Transformations of graphs. Translations: y =
f(x) + b; y = f(x — a). Reflections (in both axes):
y =-f(x); y =f( - x). Vertical stretch with scale
factor p: y = p f(x). Horizontal stretch with
scale factor 1/q : y = f(qx)

Composite transformations

Polynomial functions, their graphs and
equations; zeros, roots and factors. The
factor and remainder theorems.

20 hours




Sum and product of the roots of polynomial
equations

Rational functions

Odd and even functions.

Finding the inverse function, f(x), including
domain restriction.

Self-inverse functions

Solutions of g(x) > f(x), both graphically and
analytically.

The graphs of the functions, y = | f(x)| and

£l T, K ) sy
y=f(l«), v= 7o’ y= flax+b), v=[f(x)]".

Geometry
and
trigonometry

SL/HL

The distance between two points in
threedimensional space, and their midpoint
Volume and surface area of three-
dimensional solids including right-pyramid,
right cone, sphere, hemisphere and
combinations of these solids. The size of an
angle between two intersecting lines or
between a line and a plane.

Use of sine, cosine and tangent ratios to find
the sides and angles of right-angled triangles.

. a b c
The sinerule;: — = — = —.
sinA sinB sinC

The cosine rule: ¢ = a* + b — 2abcosC;

al+ b -2

eost = 2ab

: Lo s
Area of a triangle as zabsinC.

Applications of right and non-right angled
trigonometry, including Pythagoras’s
theorem. Angles of elevation and
depression.

Construction of labelled diagrams from
written statements.

The circle: radian measure of angles; length
of an arc; area of a sector.

Definition of cosB, sinB in terms of the unit
circle.

Definition of tan® as sin® /coso .

Exact values of trigonometric ratios of 0, 1 /6
, /4,1 /3,m /2 and their multiples.
Extension of the sine rule to the ambiguous
case.

The Pythagorean identity cos? 8 + sin? 6 = 1.
Double angle identities for sine and cosine.

60 hours




e The relationship between trigonometric
ratios.

e The circular functions sinx, cosx, and tanx;

e amplitude, their periodic nature, and their
graphs Composite functions of the form f(x)
=asin(b(x +c)) +d

e Transformations.

e Real-life contexts.

e Solving trigonometric equations in a finite
interval, both graphically and analytically.

e Equations leading to quadratic equations in
sinx, cosx or tanx

HL only

o Definition of the reciprocal trigonometric
ratios secB, cosecO and cotB. Pythagorean
identities: 1 + tan? @ =sec?® 1 + cot? O =
cosec? B The inverse functions f(x) = arcsinx,
f(x) = arccosx, f(x) = arctanx; their domains
and ranges; their graphs

e Compound angle identities. Double angle
identity for tan.

e Relationships between trigonometric
functions and the symmetry properties of
their graphs.

Concept of a vector; position vectors; displacement
vectors.
Representation of vectors using directed line
segments.
Base vectorsi, j, k.
Components of a vector:
3
¥ = [va| = wi + mj + vk,
Vi)

e Algebraic and geometric approaches to the
following: the sum and difference of two
vectors; the zero vector 0, the vector -v;
multiplication by a scalar, kv, parallel vectors
magnitude of a vector, |v]|; unit vectors, v
|v|; position vectors OA - =a, OB - = b;
displacement vector AB - = b - a Proofs of
geometrical properties using vectors.

e The definition of the scalar product of two
vectors. The angle between two vectors.
Perpendicular vectors; parallel vectors

e Vector equation of a line in two and three
dimensions: r =a + Ab.

e The angle between two lines.

e Simple applications to kinematics.

30 hours




Coincident, parallel, intersecting and skew
lines, distinguishing between these cases.
Points of intersection.

The definition of the vector product of two
vectors.

Properties of the vector product.

Geometric interpretation of | vx w |

Vector equations of a plane: r = a + Ab + pc,
where b and c are non-parallel vectors within
the plane.r-n=a-n, where nis anormal to
the plane and a is the position vector of a
point on the plane. Cartesian equation of a
planeax + by +cz=d

Intersections of: a line with a plane; two
planes; three planes. Angle between: a line
and a plane; two planes

Statistics and
probability

SL/HL

This is designed to cover the key questions
that students should ask when they see a
data set/ analysis

Dealing with missing data, errors in the
recording of data

Interpretation of outliers

Sampling techniques and their effectiveness.
Presentation of data (discrete and

continuous): frequency distributions
(tables).
Histograms. Cumulative frequency;

cumulative frequency graphs; use to find
median, quartiles, percentiles, range and
interquartile range (IQR).

Production and understanding of box and
whisker diagrams.

Measures of central tendency (mean,
median and mode). Estimation of mean from
grouped data.

Modal class.

Measures of dispersion (interquartile range,
standard deviation and variance).

Effect of constant changes on the original
data.

Quartiles of discrete data.

Linear correlation of bivariate data.
Pearson’s  product-moment correlation
coefficient, r.

Scatter diagrams; lines of best fit, by eye,
passing through the mean point.

Equation of the regression line of y on x

60 hours




Use of the equation of the regression line for
prediction purposes. Interpret the meaning
of the parameters, a and b, in a linear
regressiony=ax+b

Concepts of trial, outcome, equally likely
outcomes, relative frequency, sample space
(U) and event. The probability of an event A
is P(A) = n(A) n(U) . The complementary
events A and A’ (not A).

Expected number of occurrences.

Use of Venn diagrams, tree diagrams, sample
space diagrams and tables of outcomes to
calculate probabilities.

Combined events: P(A U B) =P(A) + P(B) - P(A
N B). Mutually exclusive events: P(A n B) =0.
Conditional probability: P(A|B) = P(A n B)
/P(B).

Independent events: P(A n B) = P(A)P(B).
Concept of discrete random variables and
their probability distributions. Expected
value (mean), for discrete data. Applications.
Binomial distribution. Mean and variance of
the binomial distribution.

The normal distribution and curve.
Properties of the normal distribution.
Diagrammatic representation.

Normal probability calculations.

Inverse normal calculations

Equation of the regression line of x on y.

Use of the equation for prediction purposes.
Formal definition and use of the formulae:
P(A|B) = P(A n B)/ P(B) for conditional
probabilities, and P(A|B) = P(A) = P(A|B’) for
independent events.

Standardization of normal variables (z-
values).

Inverse normal calculations where mean and
standard deviation are unknown.

Use of Bayes’ theorem for a maximum of
three events.

Variance of a discrete random variable.
Continuous random variables and their
probability density functions

Mode and median of continuous random
variables

20 hours




Mean, variance and standard deviation of
both discrete and continuous random
variables.

The effect of linear transformations of X.

Calculus

Introduction to the concept of a limit.
Derivative interpreted as gradient function
and as rate of change.

Increasing and decreasing  functions.
Graphical interpretation of f'(x) >0, f'(x) =0,
f'(x) <0.

Derivative of f(x) = ax"is f'(x) =anx""!,n €
Z The derivative of functions of the form f(x)
=ax"+ bx""!....where all exponents are
integers.

Tangents and normals at a given point, and
their equations.

Introduction to integration as anti-
differentiation of functions of the form f(x) =
ax"+bx""1+ ..., wheren€Z nz-1
Anti-differentiation with a boundary
condition to determine the constant term
Definite integrals using technology. Area of a
region enclosed by a curve y = f(x) and the x
-axis, where f(x) > 0.

Derivative of x " (n € @), sinx, cosx, e * and
Inx. Differentiation of a sum and a multiple of
these functions.

The chain rule for composite functions

The product and quotient rules.

The second derivative. Graphical behaviour
of functions, including the relationship
between the graphs of f, f"and f ".

Local maximum and minimum points.
Testing for maximum and minimum.
optimization.

Points of inflexion with zero and non-zero
gradients.

Kinematic problems involving displacement
s, velocity v, acceleration a and total distance
travelled

Indefinite integral of x " (n € Q), sinx, cosx,
1/ x and e*

The composites of any of these with the
linear function ax + b.

40 hours




Integration by inspection (reverse chain rule) or by
substitution for expressions of the form:

Ikg'(-r)fl[g(r)]ld\:
e Definite integrals, including analytical
approach.
HL only

e Informal understanding of continuity and
differentiability of a function at a point.

Understanding of limits (convergence and
divergence).

Definition of derivative from first principles
Fe) = tim [EH =@
h=0
e Higher derivatives
The evaluation of limits of the form lllf]u% and
Sfx)

lim 5 using I'Hopital's rule or the Maclaurin

X = mg(-

series.

Repeated use of I'Hépital's rule.

e Implicit differentiation. Related rates of
change. Optimisation problems.

e Derivatives of tanx, secx, cosecx, cotx, a*,
logax, arcsinx, arccosx, arctanx.

e Indefinite integrals of the derivatives of any
of the above functions. The composites of
any of these with a linear function.

e Use of partial fractions to rearrange the
integrand.

e Integration by substitution.

e Integration by parts

e Repeated integration by parts

e Area of the region enclosed by a curve and
the yaxis in a given interval. Volumes of
revolution about the x-axis or y-axis

e First order differential equations. Numerical
solution of dy / dx = f(x, y) using Euler’s
method.

e Variables separable

e Homogeneous differential equation dy /dx =
f( y/ x ) using the substitution y = vx.

e Solution of y' + P(x)y = Q(x), using the
integrating factor

30 hours




Maclaurin series to obtain expansions for

e’

pel.

sinx, cosx, In(l +x), (1+x)°"

Use of simple substitution. products, integration ana
differentiation to obtain other series.

Maclaurin series developed from differential
equations.

Exploration

Knowledge and understanding 25 hours
Problem solving

Communication and interpretation
Technology

Reasoning

Inquiry approaches

Exam Solving problems from specimen/past papers and exam-style | 25 hours
skills questions

Writing mock exams

Use of technology
Knowledge | Knowledge relating to the 5 prescribed themes
g:(;’}iid Use of mathematical language and notation
constructed | Exam strategies and techniques
) EE ideas, TOK and CAS links explored throughout all the course themes
Concepts | Approximation

Change

Equivalence

Generalization

Modelling

Patterns

Quantity

Relationships

Representation

Space

Systems

Validity
Skills Language skills:
(developed | Productive skills: writing, speaking
and Receptive skills: listening and reading comprehension
practised)

Interactive skills: speaking

interpersonal skills
reasoning
research
groupwork
creative thinking
organization

ASRNE N NENEN




ATL (approaches to learning) skills:

self-management skills

time management—including using time effectively in class, keeping to deadlines,
keeping to class schedules, creating study planners, homework planners and sticking
to them

self-management—including personal goal setting, organization of learning materials,
turning up to class with the right materials

organizing information logically, structuring information correctly in essays, and
reports using different information organizers for different purposes demonstrating
persistence and perseverance, practicing focus and concentration, and overcoming
distraction_social skills:

working in groups—including delegating and taking responsibility, adapting to roles,
resolving group conflicts, demonstrating teamwork

accepting others—including analysing others’ ideas, respecting others’ points of view,
and using ideas critically

personal challenges—including respecting cultural differences, negotiating goals and
limitations with peers and with teachers, taking responsibility for own actions

communication skills:

Active listening----including non-verbal communication, and listening to and following
directions and procedures

literacy—including reading strategies, using and interpreting a range of contentspecific
terminology, interpreting meaning through cultural understanding

being informed—including the use of a variety of media, receiving feedback
informing others—including presentation skills using a variety of media, clear
speaking, writing for different purposes and giving feedback

research skills:

accessing information—including researching from a variety of sources,
transferring and summarizing information

using a range of technologies, identifying primary and secondary sources
selecting and organizing information— including identifying points of view,bias
and weaknesses, using primary and secondary sources, making connections
between a variety of resources, collecting, recording and verifying data
referencing—including the use of citing, footnotes and referencing of sources,
respecting the concept of intellectual property rights

thinking skills:
generating ideas—including the use of brainstorming

planning—including storyboarding and outlining a plan

inquiring—including questioning and challenging information and

arguments, developing questions, developing the skills of critical analysis and
using the inquiry cycle

applying knowledge and concepts—including logical progression of

arguments

identifying problems—including deductive reasoning, evaluating solutions to
problems

creating novel solutions—including the combination of critical and creative
strategies, considering a problem from multiple perspectives




self-awareness—including seeking out positive criticism, reflecting on areas of
perceived limitation

self-evaluation—including the keeping of learning journals

reflecting at different stages in the learning process on learning

experiences in order to support personal development through thinking about
meta-cognition (the way we think and learn)

making connections—including using knowledge, understanding and skills
across subjects to create products or solutions, applying skills and knowledge
in unfamiliar situations

inquiring in different contexts— including changing the context of an inquiry to
gain various perspectives.

Attitudes
(encouraged
and
fostered)

Inquirers They develop their natural curiosity. They acquire the skills necessary to
conduct inquiry and research and show independence in learning. They actively enjoy
earning and this love of learning will be sustained throughout their lives.
Knowledgeable They explore concepts, ideas and issues that have local and global
significance. In so doing, they acquire in-depth knowledge and develop understanding
across a broad and balanced range of disciplines.

Thinkers They exercise initiative in applying thinking skills critically and creatively to
analyze and take responsible action on complex problems, and make reasoned, ethical
decisions.

Communicators They understand and express ideas and information confidently and
creatively in more than one language and in a variety of modes of communication.
They work effectively and willingly in collaboration with others.

Principled They act with integrity and honesty, with a strong sense of fairness, justice
and respect for the dignity of the individual, groups and communities. They take
responsibility for their own actions and the consequences that accompany them.
Open-minded They understand and appreciate their own cultures and personal
histories, and are open to the perspectives, values and traditions of other individuals
and communities. They are accustomed to seeking and evaluating a range of points of
view, and are willing to grow from the experience.

Caring They show empathy, compassion and respect towards the needs and feelings
of others. They have a personal commitment to service, and act to make a positive
difference to the lives of others and to the environment.

Risk-takers They approach unfamiliar situations and uncertainty with courage and
forethought, and have the independence of spirit to explore new roles, ideas and
innovative strategies. They are resourceful and resilient in the face of challenges and
change.

Balanced They understand the importance of intellectual, physical and emotional
balance to achieve personal well-being for themselves and others. They recognize their
interdependence with other people and with the world in which they live.

Reflective They give thoughtful consideration to their own learning and experience.
They are able to assess and understand their strengths and limitations in order to
support their learning and personal development.

(More detailed content and specific skills, knowledge, concepts build and/or explored in
unit planners)




E. ASSESSMENT

E.1 Assessment at a glance

Time (hours) Weighting of
final grade
Type of (%)
assessment | Format of assessment SL HL SL HL
External
Paper 1 No technology allowed. 1.5 2 40 30
Section A: compulsory short-response
guestions based on the syllabus.
Section B: compulsory extended-
response questions based on the
syllabus.
Paper 2 Technology allowed. 1.5 2 40 30
Section A: compulsory short-response
questions based on the syllabus.
Section B: compulsory extended-
response questions based on the
syllabus.
Paper 3 Technology allowed. 1 20
Two compulsory extended-response
problem-solving questions
Internal
Exploration 15 15 20 20




E.2 Assessment criteria

General

Mark schemes are used to assess students in all papers. The mark schemes are specific to each examination.

External assessment details—SL

General information

Paper 1 and paper 2

These papers are externally set and externally marked. Together, they contribute B0% of the final mark for
the course. These papers are designed to allow stedents to demonstrate what they know and what they
can do.

Papers 1 and 2 will contain some questions, or parts of questions, which are commaon with HL.
Calculators

Paper 1

Students are not permitted access to any calculator. Questions will mainly involve analytic approaches to
solutions, rather than requiring the use of a GDC. The paper is not intended to require complicated
calculations, with the potential for careless errors. However, guestions will include some arithmetical
manipulations when they are essential to the development of the guestion.

Paper 2

Students must have access to a graphic display caleulater (GDC) at all imes. However, not all questions will
necessarily require the use of the GDC. Regulations covering the types of GDC allowed are provided in
Diploma Programme Assesament procedires.

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 programme resource centre and to ensure
that there are sufficient copies available for all stuedents.

Awarding of marks

Marks are awarded for method, accuracy, answers and reasoning, including interpretation.

In paper 1 and paper 2, full marks are not necessarily awarded for a correct answer with no working.
Answers must be supported by working and/or explanations (in the form of, for example diagrams, graphs
or calculations). Where an answer is incorrect, some marks may be given for comrect method, provided this
is shown by written working. All students should therefore be advised to show their working.

Paper 1

Duration: 1 hour 30 minutes

Weighting: 409%%

. This paper consists of section &, short-response questions, and section B, extended-response
guestions.



Students are not permitted aocess to any caloulator on this paper.

Syllabus coverage
Enowledge of all topacs is required for this paper. However, not all topics are necessanly assessed in

eyery examination session.

Mark allocation
This paper & worth 80 marks, representing 40% of the final mark.
Cruestions of varying levels of difficulty and length are set. Therefore, individual questions may not
neceszarily each be wonh the same numbssr of marks. The agact nember of marks allocated to sach
gquestion i5 indicated at the start of the guestion.

Section A
This section consists of compudsony short-response gquestions based on the whole syllabues. It is worth
approximately #3 marks.

The intertion of this saction is to assess students across the breadth of the syllabus However it should
not be assumed that the separate topics re given egual emphasis.

Question type
A small number of steps are needed 1o solve each guestion.
Cusestions may be presented in the form of words, syrnbols, diagrams or talbles, or combinations of
these.

Section B
This section consists of 3 small numizer of compulsory extended-responss questions based on the
whiole syllabus. It &= worth approximately 40 maris.
Individual questions may require knowledge of more than one topic.
The intention of this section is to assess stwdents across the breadth of the syilabus in depth. The range
of syllabus topics tested in this saction may be narmower than that tested in section A

Question type

«  Queastions reguire extendad responses invohing sustainad reasoning.
Individual guestions will develop a single theme.
Cruestions may be presentad in the form of words, symibols, diagrams or tabdas, or combinations of
thesa.

Mormally, each question reflacts an indine of difficulty, from relatively easy tasks at the startof 2
question to relatively difficult tasks at the end of 8 guestion. The emphasis is on sustained reasoning.

Paper 2

Dwration: 1 hour 30 minutes

Weighting: 40%
This paper consists of section A short-response questions, and saction B, axtended-response
questions.
A GOOC is required for this paper, but not every question will necessarily reguire its use.

Syllabus coverage
Enowledge of all topics is required for this paper. However, not all topics are necessarily assessad in
EVEryY examination session.

Mark allocation
This paper s worth 80 marks, representing 40% of the final mark



Cusestions of vanying levels of difficulty and length are set. Therefore indnidual questions may not
necessarily each be worth the same number of marks. The exact member of marks allocated 1o each
quastion ks indicated at the start of the question.

Section A
This section consists of compubsory short-response questions basad on the whole syllabus. It is worth
approcirmately 40 marks.

The intention of this saction is to assess students across the breadth of the syllabus. Howevar it should
nof be assumed that the separate topics are given egual emphasis.

Question type
& small number of steps are needad to solve each question.
Cuastions may be presented in the form of words, symbols, diagrams or tables, or combinations of
thesa,

Section B
This section consists of a small numbser of compulsory extended-response questions based on the
whole syflabus it is worth appreamataly $0 marks.
Individuzl questions may require knowledge of mors than one topic.
The intention of this section is to assess students across the breadth of the syllabus in dapth. The rangs
of syllabws topics tested in this section may be narrower than that tested in sechon A

Question type
«  Questions require extendsd responses invohing sustained reasoning.
Individuz! questions will develop 2 single thame.

Cussstions may be presentad in the form of words, symbols, diagrams or tables, or combinations of
thasa.

Mormally, each question reflacts an incline of difficulty, from relatively sasy tasks at the startof a
quastion to relatively difficult tasks at the end of 3 quastion. The emphasis is on sustained reasoning.

General
Markschemes are used to assess students in all papers. The markschemes are spedfic to each examination.

External assessment details—HL

General Information

Papers 1, 2and 3

These papers ane externally s21 and axternally marked. Togather they contribute 80% of the final mark for
the course. These papers are designed to allow sudants to demonstrate what they know and what they
can do.

Papers 1 and 2 will contain some questions, or parts of questions, which are commaon with 5L
Calculators

Paper 1

Students are not permitted access to any caloulator. Questions will mainly involve analytic approaches to
solutions, rather than requiring the wse of 3 GOC. The paper iz not infended to require complicated
calculations, with the potential for carelass errors. However, guestions will include some arithmetical
manipulations when they are essential to the development of the question.



Paper 2

Students must have acoess to a GO at all times. However, not all questions will necessarily require the use
of the GO, Ragulations covering the types of GDC allowed are provided in Diploma frogramme Assessment
procedivEs.

Paper3

Students must have access to a GO at all times. However, not all queestion parts will necessanly reguire the
use of the GDC. Regulations cowering the types of GDC aflowed are provided in Dipdoma Programms
Arsessmant procedunes:

Formula booklet
Each student must hawe access to a dean copy of the formasla booldet duning the examination. It is the

rasponsibility of the schoal to downlozd 3 copy from [BIS or the Programme Resource Centre and to answra
that there are sufficient copies aveilabla for all students.

Awarding of marks

Marks are awarded for method, accuracy, answers and reasoning, inchuding interpretation.

In papers 1, 2 and 3, full marks are not necessanly awarded for a correct answer with no working. Answers
must be supported by working andfor explanations (in the form of, for example diagrams, graphs or
calculations). Whare an answer s incormect, some marks may be given for cormect method, provided that
this is shown by written working, All students should therafore be advised to show theirworking

Paper1

Duration: 2 hours

Wetghting: 309

«  This paper consists of section A, short-responss questions, and section B, axtended-responsa
qusestions,

»  Students are not permitted access to any calowlator on this paper,

Syllabus coverage
Enowledgs of all topics is required for this paper, Howsever not all topics are necessanly assessed in
Evary examination session.

Mark allocation

«  This paper s worth 110 marks, reprasenting 30% of the final mark.

»  Dusestions of vanving levels of difficulty and length are set. Therefore, individual questions may not
necessarily each be worth the =ame numbser of manks. The 2=ct nember of marks allocated to each
queestion is indicated at the start of the question.

Section A
This section consists of compulsory short-response questions based on the whole syllabes. It is worth
approximately 55 marks.

«  The mtention of this section is to assess stedants across the breadth of the syllabus. Howewsr, it showld
niat be aszurned that the saparate topics ars given equal emphasis,

Question type

« A small member of steps are needad to solve each question.

»  Csestions may be presented in the form of words, symbols, diagrams or tabdes, or combinations of
thesa.



Section B

This section consists of 2 small number of compuelsony extended-response guestions based on the whole
syllabus. It 15 worth approxdmately 55 marks.

Individ szl questions may require knowledige of more than one topic

The irtenfion of this section is to assess stedents aoross the breadth of the syflabus in depth. The rnge of
syllabus topics testad in this section may be narrower than that tested in saction A

Cuestion type
Cuestions require extendad responses.

»  Individual questions will davelop 2 single theme.
Curastions may be presented in the form of words, symbols, disgrams or tables, or combinations of
thesa.
Mormally, each guestion reflects an incline of difficulty, from relatively easy tasks at the startof 2
quastion to relatively difficult tasks at the end of a question. The emphasis is on sustained reasoning.

Paper 2

Duration: 2 hours

Weighting: 30%
This paper consists of saction A, short-rasponse questions, and section B, esxtended-response
quastions.
& G0 s required for this paper, but not avery question will necessarily reguire its usa.

Syllabus coverage
»  Enowledge of all topics is required for this paper. However, not all topics are necessarily assessed in
every examination sassion.

Mark allocation
This paper is worth 110 marks, representing 30% of the final mark
(uastions of vaning levels of difficulty and length are set. Therefore, individual questions may not
necessarily each be worth the same nember of marks. The exact number of marks allocated to each
queastion is indicated at the start of the question.

Section A
This section consists of compulsony short-response questions based on the whole syllabus. It is worth
approimately 55 marks.
The intention of this section is to assess stisdents across the braadth of the syllabus. Howevear, it should
nit be assumied that the separate topecs are given equal emphasis.

Question type
& smiall number of steps are needad 1o solve each guesstion
Juastions may b= presented in the form of words, symibols, diagrams or tables, or combinations of
thasa,

Section B

«  This section consists of 3 small number of compulsory extended-responss questions based on the
whole sylabus. It is worth approamately 55 mariks.
Individual guestions may require knowledge of mors than one topic
The intention of this section is to assess shedants across the breadth of the syllabus in depth. The range
of syllabus topics tested in this section may be narmower than that tested in section A



Question type

«  Questions require extendad responses.

«  Individuzl questions will develop-a single thems.
Questions may be presented in the form of words, symbaols, diagrams or tables, or combinations of
thesa.

Mormally, each question reflects an indine of difficulty, from relatively easy tasks a2 the startof 3
queestion to relatively difficult tasks at the end of a question. The emphasis is on sustained reasoning.

Paper 3
Duration: 1 howur
Weighting: 209
«  This paper consists of two compulsory extended-response problem-sohving questions.
& GO is required for this paper, but not every question part will necessarily require its use.

Syllabus coverage
Where possible, the first part of 2ach question will be on syllabus content leading to the problem-

sobving context. Tharefore, knowledge of all syflabus topics is required for this paper.

Mark allocation
This paper is worth 55 marks, representing 20% of the final mark
Crpestions may be unequal in terms of length and level of difficulty. Therefore, each question may not

b= worth the same numbsr of marks. The eact number of marks allecated to each quaston is
indicated at the start of sach question.

Question type
Crsestions require extended responses involving sustained reasoning.

Individual questions will develop from a single theme where the emphasis 15 on problemn sofving
leading to a generalization of the interpratation of a context.
Crsestions may be presented in the form of words, symbols. diagrams or tables, or combinations of
thasa

«  Mommalky, 2ach question raflects an incline in diffioulty, from relatively sasy at the start of a question fo
relatively difficult tasks at the end of the question. The emphasis is on problem sobving.



Internal assessment criteria—SL and HL
The exploration is intemally assessed by the teacher and externally moderated by the 1B using assessment
criteria that ralate o the objectives for mathematics

Each exploration is assessed against the followang five orteria. The final mark for sach explorstion is the
sum of the scores fior sach citerion. The maxinmem pessible final mark is 20

Students will not recelve a grade for thelr mathematics course If they have not submitted an

exploration.

Criterion A Presentation

Criterion B Mathematical communication
Criterion C Personal engagement
Criterion D Reflaction

Criterlon E Use of mathematics

Criterlon A: Presentation

Achievement bavel | Desriptor
1] The exploration doas not reach the standard descoribad by the descriptors below.
1 The exploration has some coherance or some organization
2 The exploration has some coherence and shows some organzation,
3 The exploration is coherent and well organized.
5 The exploration is coherent, well organized, and condise.

The “prasentation” criterion assesses the organzation and coherence of the exploration.

A coherent exploration is bogically daveloped, easy to follow and mests its aim. This refars to the overall
structure of framework, including introduction, body, conclusion and how well the different parts link to
each ather.

A well-organized exploration indudes an introduction, desonbes the aim of the exploration and has a
conclesion. Relevant graphs, tables and diagrams should accompany the waork in the appropnats place and
not be attached as appendices to the document Appendices should be used to inclede information on
large data sats, additional graphs, diagrams and tables



A concise exploration does not show imelevant or unnecessary repetitive calculations, graphs or
dasoriptions.
The use of technology is not required but encouraged where appropriate. However the wse of analytic

approacheas rather than technological ones doss not necessanly mean lack of conciseness, and should not
be penalized. This does not mean that repetitive calculations are condoned.

Criterlon B: Mathematical communlication

Achtevement |Desoripior
leyed

a The exploration does not reach the standard described by the descriptors below,

1 The exploration contains some relevant mathematical communication which is
partially appropriate.

2 The exploration contains some relevant appropriate mathematical communication,

3 The mathematical commaunication is relevant, appropriate and is mostly consistent,

4 The mathematical communication is relevant, appropriate and consistent
thronagheout.

Thie "mathematical commaenication” criterion assesses towhat extent the student has:
used appropriate mathematical langeage (notation, symbols, terminology). Calowslator and
computer notation is acceptable ondy if it i software generated, Otherwiss it is expected that stuedents
use appropriate mathematical notation in their wonk
dafined key terms and vanables, where reqguired
used multiple forms of mathematical representation, such as formulae, diagrams, t2bles, charts,
graphis and models, whers appropriate
used 3 deductive method and s=t out proofs logically where appropriate

Examples of level 1 can inchude graphs not being lzbelled, consistent use of compater notation with no
othar fomms of correct mathematical communication.

Level 4 can be achieved by using only one form of mathematical representation as long as this is
appropriate to the topic being explored. For bewel 4, amy minor errors that do not impair clear
commenication should not be penafizsed

Criterlon C: Personal engagement

Achlevemnant Diescriptor

langa]
i} The exploration does not reach the standard described by the dascriptors below
1 Thers is evidence of somea personal engagement.
| There is evidence of significant personal engagement.
3 There is evidence of cutstanding personal engagemeant.

The “personal engagement” criterion assesses the extent to which the student engages with the topic by
exploning the mathematics and making it their own. it is not a measure of effort.

Personal engagement may be recognized in different ways. These include thinking mdependently or
creatively, presenting mathematical ideas in their own way, 2xploning the topic from different perspectives,
makang and testing predictions. Further (but not exhaustivel examiples of personal engagement at different
lewvals are given in the teacher support material (TSM).



Thers must be evidence of personal engagement demonstrated in the student’s work. [t is not sufficient
that a teacher comments that a stedeni was highly engaged.

Textbook style explorations or reproduction of readily available mathematics without the candidate’s own
perspective are unlikely to achieve the higher levels

Significant: The student demonstrates authentic personal engagement in the exploration on 2 few
oocasions and it 5 evident that these drve the exploration forward and help the reader to better
undarstand the writer's intentions

Outstanding: The stwdent demonstrates authentic personal engagement in the axploration in nemerous
instancas and they are of 2 high quality. 1t i evident that these drive the exploration forward inoa creative

wigy. It leawes the impression that the stwdant has dewveloped, throwgh their approach, & complets
undarstanding of the context of the exploration topic and the reader better understands the writer's

intennons.

Criterlon D: Reflection
Achlevement level | Descriptor
0 The exploration doss not reach the standard described by the descriptors bedow.
1 Therais evidence of limited reflaction.
2 Thera iz evidence of meaningful reflection.
k| Thera is substantial evidence of critical reflection

The “reflection” criterion 3ssesses how the student reviews, analyses and evaluatas the exploraticn.
Although reflaction may be ssen in the conclusion to the exploration, it may alkso be found throughout the
axploration.

Simply describing results reprasents Hmited reflection. Further consideration is required o achieve the
haghar levels.

Some ways of showing meaningful reflection are: inking o the aims of the exploration, commenting on
wihat they have lsamed, considering some limitation or companng different mathematcal approaches.
Critical reflectlon is reflection that s cwcial, dedding or deeply insightful. It will often develop the
axploration by addressing the mathematical results and their impact on the stwdent's understanding of the
toipec. Some ways of showing critical reflaction are: considening what next, discussing imphications of results,
discussing strengths and weaknesses of approaches, and considenng diffsrent perspectives.

Substantial evidence mezns that the critical reflaction i present throwghout the exploration. [ it appears
at the end of the exploration it must be of high quality and demonstrate how it developed the axploration
in order to achieve a level 3,

Further (but not exhaustive) examples of reflection at different levals are given in the teacher support
material (TSML

Criterlon E: Use of mathematlcs—SL

Achievement | Desoripior
hewel
o The exploration does not rezch tha standard describad by the descriptors below.
1 Some refevant mathematics is used.
2 Some refevant mathematics is used. Limited understanding i= demonstrated.
3 Relevant mathematics commensurate with the level of the course is used Limited
understanding is demonstrated.




Achlevement | Descriptor
E

4 Felevant mathematics commensurate with the level of the course is used. The
mathematics explored is partially correct. S5ome knowledge and understanding are
demonsiratad.

5 Relevant mathematics commensurate with the level of the course is used. The
mathematics axphored is mostly correct. Good knowledge and understanding are
damaonsiratad.

& Belevant mathematics commensurate with the levsl of the course is used The
mathematics axplored is comect. Thorough knowledge and undarstanding ars
demonsiratad.

The “Lise of mathematics” 5L orterion assesses to what extent stedants use mathematics that is relewant to
the exploration.

Relevant refers to mathematics that suppons the development of the explomation towards the completion
of its aim. Owerly comphcated mathematics where simple mathematics would suffice is not rebayant.
Students are expected to produce wiork that is commensurate with the lewel of the course, which means it
should noft be completefy based on mathematics listed in the prior leaming. The mathematics exploned
should either be part of the syllabuws, or at 2 similar lewved.

A key word in the descriptor is demonstrated. The command ferm demonstrate means “to make dear by
reasoning or evidence, illustrating with examples or practical application”. Cbtaining the comact answer is
not sufficient to demonstrate understanding (even some understandingl in crder to achiswe level 2 or
higher.

For knowlzdge and understanding to be thoreugh it must be demonstrated throughout.

The mathematics can be regarded as correct even if there are oorasional minor emors as long as they do
not detract from the flow of the mathematics or lead to an unreasonable outcoma.

Students are encouraged to use technology to obtain results where appropriate, but understanding must
be demonstrated in order for the student o achieve higher than level 1, for examiple merely substituting
values into 2 formusda does not necessanly demonstrate endarstanding of the results,

The mathematics only needs to be what 5 reguired to support the development of the exploration. This
could be a3 few =mall elements of mathematics or even a single topic (or sub-topic) from the syllabas. It is
better to do a few things well than a lot of things not so well. i the mathematics wsed is relevant to the
topic being explored, commensurate with the level of the course and understood by the student, then it
can achieve 3 high lewel in this criterion,

Criterion E: Use of mathematics—HL

Achtevement |Descriptor
level

] The exploration does not reach the standard described by the descriptors below,

] Some relevant mathematics is usad. Limited undarstanding s demonstrated.

2 Some relevant mathematics is usad. The mathematics explored is partially comect.
Some knowledge and understanding is demonstratad.

3 Relevant mathematics commensurate with the level of the course is usad. The
mathematics explored is comect. Some knowledge and understanding are
demonstrated.




Achievement |Desoripior

level
4 Relavant mathematics commensurate with the level of the cowrse s usad. The
miathematics explored is corect. Good knowledge and understanding are
demonstrated.
5 Belavant mathematics commensurate with the level of the cowrse i usad. The

mathematics explored is corect and demonstrates sophistication or rigour. Thomugh
knowledge and understanding are demonstrated.

& Relzwant mathematics commensurate with the level of the couerse is used. The
mathematics explored is precise and demonstratas sophistication and Agour.
Thorowgh knowiledge and understanding are demonsirated.

The “Use of mathematics™ HL oriterion assesses to what extent students wse relevant mathamatics in the
axploration.

Students are expected to produce work that is commensurate with the level of the course, which means it
should mot be completely based on mathematics listed in the prior lzarning. The mathematics axplored
should either e part of the syflabus, 3t a similar level or shightly bevond. However, mathematics of a3 level
slightly bevond the syllabus is not required to achieve the highest levels.

A key word in the descriptor is demonstrated. The command term demonstrate mezans to maks clear by
reasoning of evidence, illestrating with examples or practical application. Gbtaining the comect answer is
not siEficient o demonstrate understanding (even some understanding) in order to achieve level 2 or
hagher.

For knowledge and understanding to be thorough it must be demonstrated throughout Lines of
reasoning maest be shovwn to justify steps in the mathematical developmeant of the exploration.

Relevant refers to mathamatics that supports the development of the explorztion towards the completion
of its aim. Crverly complicated mathematics where simple mathematics would suffice is not refevant.

The mathematics can be regarded as corredt even if there are occasional minor emors & long as they do
not detract from the Aow of the mathematics or lead 10 an unreascnable outcoms. Precise mathemanics is
arror-fres and wses an appropriate level of acouracy at all times

Sophistication: To be considerad as sophisticatad the mathematics used should be commensuate with
the HL syllabus or, if contained in the SL syllabus, the mathematics has been used in 3 complex way that is
beyond what could reasonably be expected of an 5L shedent. Sophistication in mathematics may include
understanding and wsing challenging mathematical concepts, leoking at a problem from different
perspectives and sesing underlying striecteres to link different areas of mathematics:

Rigour involves clarty of logic and language when making mathematical arguments and caloulations.
Mathematical daims relevant to the development of the exploration must be justified or proven.

Students are encouraded to use technology to obtain results where appropriate, but understanding must
be demonstrated in order for the student to achieve level 1 or highes, for example meraly substituting
values into a formla does not necessanly demonstrate understanding of the results.

The mathematics only needs 0 be what i reguired 1o support the development of the exploration. This
coukd b2 3 few small elements of mathematics or even a single topic (or swb-topic) from the syllabues, |t is
better to do a few things well than a lot of things not so well. § the mathematics wsed s relevant to the
topic being explored, commenswrate with the level of the course and understood by the student, then it
can achieve a high level in this criterion.



