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Foreword

The 2022 Four Year Secondary Level (4YSL) Mathematic Curriculum Statement 
replaces the old Five Year Mathematics Curriculum. The previous five-year math-
ematics curriculum has been reorganized by strands to ensure there is an incre-
mental and smooth progression of the development of students’ understanding of 
concepts based on critical thinking and analyses of various worked examples and 
real life contexts and applications so that students are empowered to use and apply 
their knowledge and relevant skills to solve a variety of similar and novel problems.

The Government of Samoa has shifted its focus to prioritise TVET subjects hence 
the re-design of the original 5-year mathematics to two streams, namely, Mathe-
matics and General Mathematics.  The former (Mathematics) remains much the 
same as before but with the same topics reorganized to ensure an incremental pro-
gression over a 4-year period from Year 9 to the new Year 12. The new General 
Mathematics, in comparison, prepares students for a TVET career pathway such 
as  nursing, primary teaching, welding, plumbing, carpentry, cookery, tourism and 
hospitality, and other non-science career pathways, with a selection of topics to 
promote numeracy, graph literacy, financial literacy, statistical literacy, and authen-
tic every day applications of mathematics knowledge and skills which are critical 
to assure a skilled work force to contribute to Samoa’s sustainable infra-structure 
development into the future.
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Mathematics is a coherent, consistent, and 
growing body of concepts, which makes use of 
specific language and skills to model, analyse, 
and interpret the world. Mathematics provides a 
means of communication, which is powerful, con-
cise, and unambiguous. In addition to its practical 
applications, the study of Mathematics is a valu-
able pursuit in its own right, providing opportuni-
ties for originality, challenge and leisure.

As a human endeavour, mathematics involves 
creativity and imagination in the discovery of 
patterns of shape and number, the perceiving 
of relationships, the making of models, the in-
terpretation of data, and the communication 
of emerging ideas and concepts. Numeracy (or 
mathematical literacy) skills, is the ability to 
effectively use mathematics in everyday situa-
tions. It is essential for all Samoan citizens in or-
der to meet the general demands of life at home 
and at work, and for participation in community, 
cultural and public life. Mathematics education 
therefore aims to contribute to the development 
of the broad range of numeracy skills.

Mathematical understanding and skills con-
tribute to people’s sense of self-worth and abili-
ty to control aspects of their lives. Students need 
to have a thorough understanding of Mathemat-
ics in order to find solutions to real life prob-
lems. Everyone needs to develop mathematical 
concepts and skills to help them understand and 
play a responsible role in our democratic society. 
By linking new mathematical concepts to their 
daily experiences and existing cultural knowl-
edge, students integrate their knowledge, skills 
and understanding so that they can use Math-
ematics in familiar and interesting contexts in 
their own lives. Mathematics education aims to 
provide students with those skills and under-
standings.

The cross-curriculum content addresses is-
sues, perspectives and policies that will assist 
students to achieve the broad learning outcomes 
as encapsulated in Samoa’s National Curriculum 
Framework. For these reasons, it is important 
that we use Mathematics in schools and colleges 

Introduction

to produce a numerate or mathematically liter-
ate population. The ability to make informed de-
cisions, and to interpret and apply mathematics 
in a variety of authentic contexts is an essential 
component of students’ preparation for life in 
the twenty-first century. Students, to participate 
fully in society, need to develop the capacity to 
critically analyse and evaluate ideas and argu-
ments that involve mathematical concepts or 
that are presented in mathematical form.

Mathematics is a reasoning and creative activ-
ity employing abstraction and generalisation to 
identify, describe and apply patterns and rela-
tionships. Mathematical ideas have evolved over 
centuries and across all cultures and they con-
tinue to expand. The symbolic nature of Mathe-
matics enables a powerful, precise and concise 
means of communication. 

This new 2022 Samoan Secondary Mathemat-
ics Curriculum Statement, for both Mathematics 
and General Mathematics, focuses on develop-
ing the Working Mathematically processes of 
Interpreting & Posing questions, Strategically 
Thinking & Representing, Reasoning & Justify-
ing, Reflecting & Evaluating, and Communicating 
Mathematically. It is a powerful tool for solving 
familiar and unfamiliar problems both within 
and beyond Mathematics and in relation to au-
thentic contexts. As such, Mathematics consists 
of multiple but interrelated and interdependent 
concepts and systems that students can apply in 
other subject areas and to realistic situations.

In an increasingly technological age, the need 
for innovation, and problem-solving and deci-
sion-making skills, has been stressed in many 
reports on the necessary outcomes for education 
in Samoa. Mathematics education provides the 
opportunity for students to develop these skills, 
and encourages them to become innovative and 
flexible problem solvers.

The ability to communicate findings and ex-
planations, and the ability to work satisfactorily 
in team projects, have also been highlighted as 
important outcomes for education. Mathemat-
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General Aims 

ics education provides many opportunities for 
students to develop communication skills and 
to participate in collaborative problem-solving 
situations, thereby contributing to the develop-
ment of many social and co-operative skills.

Increasingly, information is communicated 
through the use of data graphics. The communi-
cation of information through graphics is partic-
ularly common in the mass media. It is important 
that people can draw sensible conclusions from 

charts, tables, and graphs of various kinds. At the 
same time, increasing numbers of occupations 
demand the ability to collect data, to understand 
and to use information technology for the organ-
isation and interpretation of data, and to present 
analytical reports and summaries. Mathematics 
education gives young people the opportunity 
to develop the critical information skills through 
learning and practising data handling and data 
interpretation.

Mathematics education aims to develop stu-
dents’ thinking, understanding, competence, and 
confidence in the application of mathematics, 
their creativity, enjoyment and appreciation of the 
subject, and their engagement in lifelong learning. 
More specifically, mathematics education aims to 
provide opportunities for students to: 

• develop a belief in the value of mathemat-
ics and its usefulness to them, to nurture 
confidence in their own mathematical abil-
ity, to foster a sense of personal achieve-
ment, and to encourage a continuing and 
creative interest in mathematics;

• develop skills, concepts, understandings, 
and attitudes which will enable them to 
cope confidently with the mathematics of 
everyday life;

• develop a variety of approaches to solv-
ing problems involving mathematics, and 
to develop the ability to think and reason 
logically;

• achieve the mathematical and statistical 
literacy needed in a society which is tech-
nologically oriented and information rich;

• develop their mathematical tools, skills, 
understandings, and attitudes they will re-
quire in the world of work;

• develop concurrent learning in other 
learning areas where mathematical con-
cepts are central; 

• build a sound foundation for further stud-
ies in mathematics; and 

• foster and develop mathematical talent.

Development of Essential Skills 
through Mathematics

Essential skills are the broader skills that 
are developed throughout the years of school-
ing as a result of the quality of the experiences 
provided in all classroom and school activities 
and are used by students in all school activi-
ties as well as in their social and cultural world 
outside the school. 

The key outcome of mathematics education is 
the development of the ability to apply certain 
essential skills - communication skills; numer-

acy skills; information skills; problem-solving 
skills; social and co-operative skills; and work 
and study skills. The mathematical processes 
identified in this curriculum statement are the 
expression of these essential skills in mathemat-
ical contexts. This curriculum statement, there-
fore, suggests approaches to teaching, learning, 
and assessment, which will give students the 
maximum possible opportunity to develop the 
essential skills for Working Mathematically. 
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Communicating effectively
Communication underpins all learning and in-

cludes reading, writing, speaking and listening, 
visual and graphic representation, non-verbal 
communication, and the use of number and data 
to convey meaning.

Students are encouraged to express mathe-
matical concepts and processes using their own 
words as well as using mathematical terminolo-
gy, representation and notation.

Solving problems
This involves the use of inquiry and reasoning, 

gathering data and processing information, pos-
ing creative solutions and evaluating outcomes. 
Mathematical concepts and skills are often used 
when solving problems.

Problem-solving tasks provide opportunities 
for students to develop the capacity to plan and 
organise activities. It involves the use of inquiry 
and reasoning, of gathering data and processing 
information, posing creative solutions and eval-
uating outcomes to ensure their reasonableness 
and meaningfulness given the context of the 
mathematical task. 

Students should plan and organise their own 
strategies to obtain solutions to tasks by setting 
goals and establishing priorities; implementing 
a plan; identifying the focus questions and main 
concepts used; determining relevant knowledge 
and skills; selecting and managing resources and 
time to achieve the goals; monitoring individual 
performance; and meta-cognitively reflecting on 
the value of the learning experience in the gener-
al context of learning mathematics.

Utilising aesthetic judgement
This involves the use of the visual and perform-

ing arts as a means of expression and requires an 
appreciation of the aesthetic value of objects and 
experiences. 

In Mathematics, group or self-evaluation of 
mathematical statements, informal descrip-
tions, general rules, multiple strategies, and/or 
methods of solutions provide students with the 
opportunities to judge the validity, consistency, 
sophistication, and/or elegance of their mathe-
matical ideas and reflections.

Students are encouraged to link their school 
mathematics to every day social, environmental 
and cultural practices and artefacts at the home, 
community, village and national levels.

Developing social and cultural skills 
and attributes

The capacity to operate socially and to work 
effectively with others is an essential skill. It re-
quires an understanding of context, of the cul-
tural norms and expectations that exist and the 
ability to negotiate and reach consensus. It also 
involves individuals developing their ethical 
framework including an informed understand-
ing of the issues associated with gender.

The experience of working with others and in 
teams can facilitate learning and enhance social 
skills. Group work provides the opportunity for 
students to communicate mathematically with 
each other, to take risks and make conjectures 
in a supportive non-threatening environment, to 
cooperate, to debate, to counter-argue, to logical-
ly and mathematically justify ideas, and to per-
severe when solving problems and undertaking 
investigations. 

Managing oneself and developing 
work and study skills

Students need to be able to manage their time 
effectively to allow them to pursue personal, 
spiritual, sporting and academic interests. They 
need to know how to resolve conflict in con-
structive ways that allows all involved to feel 
that they have been treated with fairness and 
respect. They need to take personal respon-
sibility for their choices and actions and learn 
from both their mistakes and successes. This 
includes responsibility for personal health and 
fitness.

Planning and organising their own strategies 
for obtaining solutions to mathematics tasks in-
volves the ability to set goals, establish priorities, 
implement a plan, select and manage resources 
and time, and monitor individual progress, per-
formance and achievement of goals.
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Integrating knowledge
While learning areas are used as the organ-

isers of knowledge, the prime purpose of edu-
cation is for students to understand the world 
around them and see the links between the vari-
ous areas. This requires a deep and thorough un-
derstanding of subjects so the knowledge gained 
can be linked to experience and complex interre-
lated understandings developed.

In integrating their knowledge, students de-
velop their competencies in using mathemati-
cal ideas and techniques and solving problems. 
Across the syllabus strands attention is drawn 
to opportunities for students to solve meaning-
ful and challenging problems in both familiar 
and unfamiliar contexts, within Mathematics, 
in other key learning areas, at work and in ev-
eryday situations. Problem solving can promote 
communication, critical reflection, creativity, 
analysis, organisation, experimentation, synthe-
sis, generalisation, validation, perseverance, and 
systematic recording of information. In addition, 
teaching through problems that are relevant to 
students can encourage improved attitudes to 
Mathematics and an appreciation of its impor-
tance to society.

Effectively using technology
Technology involves the development of the 

skills and knowledge used to make and construct 
objects and products used in day-to-day living and 
in the pursuit of special interests. Technology also 
involves the use of information technology used 
to access information stored electronically. Over 
time, information technology will become more 
widely available and be increasingly used in all 
areas of the curriculum to create, locate and store 
information. In order to achieve the outcomes of 
this syllabus, students will need to learn about 
and use appropriate technologies to develop their 
competency in using technology. It is important 
for students to determine the purpose of a tech-
nology, when and how to apply it, and to evaluate 
the effectiveness of its application, or whether its 
use is inappropriate or even counterproductive. 
Computer software as well as calculators, mobile 
phones, digital cameras, and video cameras can be 
used to facilitate teaching and learning.

Skills for Mathematics
Students will develop knowledge, skills and 

understanding specific to mathematics as fol-
lows:

• through inquiry, application of prob-
lem-solving strategies including the se-
lection and use of appropriate technology, 
communication, reasoning, justifying and 
reflection;

• in mental and written computation and 
numerical reasoning; 

• in patterning, generalisation and algebraic 
reasoning; 

• in collecting, representing, analysing and 
evaluating information;

• in identifying and quantifying the attri-
butes of shapes and objects and applying 
measurement strategies; and 

• in spatial visualisation and geometric rea-
soning.
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Approaches to Teaching and Learning

Problem-Solving Approach
A balanced mathematical program includes 

concept learning, developing and maintaining 
skills, and learning to tackle applications. These 
should be taught in such a way that students de-
velop the ability to think mathematically.

Students learn mathematical thinking most ef-
fectively through applying concepts and skills in 
interesting and realistic contexts which are per-
sonally meaningful to them. Thus, mathematics 
is best taught by helping students to solve prob-
lems drawn from their own experience.

Real-life problems are not always closed, nor 
do they necessarily have only one solution. De-
termining the best approximation to a solution, 
and finding the optimum way of solving a prob-
lem when several approaches are possible, are 
skills frequently required in the workplace. Stu-
dents need frequent opportunities to work with 
open-ended problems. The solutions to problems 
which are worth solving seldom involve only one 
item of mathematical understanding or only one 
skill. Rather than remembering the single cor-
rect method, problem solving requires students 
to search the information for clues and to make 
connections to the various pieces of mathemat-
ics and other knowledge and skills which they 
have learned. Such problems encourage analyt-
ical thinking and logical reasoning rather than 
mere recall.

Closed problems, which follow a well-known 
pattern of solution, develop only a limited range 
of skills. They encourage memorisation of rou-
tine methods rather than consideration and ex-
perimentation. While fluency with basic tech-
niques is very important, such routines only 
become useful tools when students can apply 
them to realistic problems.

The characteristics of good problem-solving 
techniques include both convergent and diver-
gent approaches. These include the systematic 
collection of data or evidence, experimentation 
(trial and error followed by improvement), flex-
ibility and creativity, and reflection — that is, 

thinking about the process that has been fol-
lowed and evaluating it critically.

Teachers can create opportunities for stu-
dents to develop these characteristics by en-
couraging them to practise and learn such sim-
ple strategies as guessing and checking, drawing 
a diagram, making lists, looking for patterns, 
classifying, substituting, re-arranging, putting 
observations into words, making predictions, 
and developing proofs.

Learning to communicate about and through 
mathematics is part of learning to become a 
mathematical problem solver and learning to 
think mathematically. Critical reflection may be 
developed by encouraging students to share ideas, 
to use their own words to explain their ideas, and 
to record their thinking in a variety of ways, for 
example, through words, symbols, diagrams, and 
models.

The chance to look for problems as well as to 
solve them, to create and to produce rather than 
reproduce what already exists, is important for 
all students. Creativity in problem-solving is rec-
ognised as one of the basic traits that must be 
developed if the outstanding achievement is to 
result, and it plays a major role in innovation, in-
vention, and scientific discovery.

Catering for Individual Needs
It is a principle of the Samoa National Cur-

riculum Framework that all students should 
be enabled to achieve personal standards of 
excellence and that all students have a right to 
the opportunity to achieve to the maximum of 
their potential. It is axiomatic in this curriculum 
statement that mathematics is for all students, 
regardless of ability, background, gender, or 
ethnicity.

Students of lower ability need to have the op-
portunity to experience a range of mathematics 
which is appropriate to their age level, interests, 
and capabilities. Equally, students with excep-
tional ability in mathematics must be extended 
and not simply expected to repeat different per-
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mutations of work they have clearly mastered. As 
new experiences cause students to refine their 
existing knowledge and ideas, so they construct 
new knowledge. The extent to which teachers 
are able to facilitate this process significantly 
affects how well students learn. It is important 
that students are given explicit opportunities to 
relate their new learning to knowledge and skills 
which they have developed in the past. Factors 
such as out-of-school experience and language 
have profound effects on the way students learn 
mathematics. In many cases in the past, students 
have failed to reach their potential because they 
have not seen the applicability of mathematics to 
their lives and because they were not encouraged 
to connect new mathematical concepts and skills 
to experiences, knowledge, and skills which they 
already had. This has been particularly true for 
many students, for whom the contexts in which 
mathematics was presented were irrelevant and 
inappropriate. These students have developed 
deeply entrenched negative attitudes towards 
mathematics as a result.

The development of more positive attitudes 
to mathematics and a greater appreciation of its 
usefulness is the key to improving participation 
rates for all students.

Use of Resources
The importance of the use of apparatus to help 

students form mathematical concepts is well es-
tablished. Using apparatus provides a founda-
tion of practical experience on which students 
can build abstract ideas. It encourages them to 
be inventive, helps to develop their confidence, 
and encourages independence.

Junior school teachers are used to choosing 
an appropriate range of apparatus to focus stu-
dents’ thinking on the concept to be developed 
and modifying the apparatus as the learner’s un-
derstanding grows. Teachers know that students 
are capable of solving quite difficult problems 
when they are free to use concrete apparatus 
to help them think the problems through. Such 
an approach is equally valid with older students 
and should be used wherever possible.

At all year levels, students should be intro-
duced to new ideas by having their attention 
drawn to examples occurring in their natu-
ral environment, and then by modelling them 
with apparatus. For example, a child’s concept 

of “four” could be enriched by discussing the 
number of wheels on a car, legs on a table, or 
edges on a piece of paper. The child could then 
be encouraged to explore the idea further, using 
materials with which to make their own models 
of “four”. Similarly, secondary students could be 
focused on the concept of “rate of change” by 
discussing, for example, that younger people 
grow faster than older people, or by discuss-
ing the slope changes on nearby hills. Students 
could then model uniform and non-uniform 
rate situations, using apparatus such as sand 
running through an egg-timer or a ball rolling 
down a smooth slope.

Textbooks 
Many textbooks contain material to provide 

students with practice and enrichment. Increas-
ing numbers of books contain excellent ideas for 
problem-solving situations which develop math-
ematical skills and understandings. However, 
teachers must realise that there are dangers in 
adhering too closely to any particular textbook. 
Many texts contain material not included in this 
curriculum statement, or have emphases which 
are different from those advocated for Samoa. In 
any event, teachers should continually re-eval-
uate the texts they are using in the light of the 
particular needs of their students.

Technology 
This curriculum statement assumes that both 

calculators and computers will be available and 
used in the teaching and learning of mathematics 
at all year levels. Instruction in the correct and 
appropriate use of calculators is particularly im-
portant.

Calculators, graphics calculators, and comput-
ers are learning tools which students can use to 
discover and reinforce new ideas. Calculators 
are powerful tools for helping students to dis-
cover numerical facts and patterns, and helping 
them to make generalisations about, for exam-
ple, repeated operations. Graphics calculators, 
and computer software such as graphing pack-
ages and spreadsheets, are tools which enable 
students to concentrate on mathematical ideas 
rather than on routine mechanical manipulation, 
which often intrudes on the real point of particu-
lar learning situations. 
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E-resources 
This curriculum statement assumes that 

schools have school connectivity through which 
both teachers and students can access directly 
online resources that are currently made avail-

able via the MESC’s website: https://www.mesc.
gov.ws/, MESC Facebook, and MESC online re-
sources. More information for each subject are 
available on the ministry’s website.

Assessment and Evaluation
There are three purposes for assessment:

Assessment for learning 
These assessments should be diagnostic and 

feedback assessments (classroom activities/
homework/assignments) so the teacher can im-
prove the teaching and learning by diagnosing 
the learning strengths and weaknesses of stu-
dents before the teaching and learning continue. 
The results of diagnosis should enable the teach-
ers to give constructive feedback and formulate 
activities and responses to improve the learning 
where needed and ensuring the learning pro-
ceeds satisfactorily.

Assessment as learning
These assessments are learning out-

comes-based. Activities are constructed to test 
the students’ understanding of the learning 
outcome expected of them. Constant and timely 
feedback must be provided so the students are 
aware of their responsibilities as learners.

Assessment of learning
These assessments are summative tests and 

examinations that take place at the end of a unit 
or strand or end of term. It is equally important 
as the other assessments above, that the feed-
back for students to be constant and timely so 
that ample opportunities and time for students 
to react and contribute to correcting or improv-
ing their own learning are provided.
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Organisation of the Mathematics 
Curriculum

The Secondary Mathematics Years 9 to 12 cur-
riculum statements consist of a Common Year 9 
Mathematics curriculum with the option of se-
lecting ONE of TWO different Mathematics Years 
10 to 12 courses, namely, General Mathematics 
and Mathematics. Specifically, the

• Years 10 to 12 General Mathematics curric-
ulum develops a wide range of mathemat-
ical knowledge, skills, understanding, and 
competence necessary for those students 
who are undertaking courses for the TVET 
(Vocational) Pathway, and including those 
aspiring to be nurses, primary school teach-
ers, secondary Arts teachers, TVET profes-
sionals, and secondary TVET teachers.

• Year 10 to 12 Mathematics curriculum de-
velops a more challenging and higher level 
mathematical knowledge, skills and under-
standing necessary for those students who 
are undertaking courses for the Science 
Pathway and Commerce Pathway and in-
cluding all those in any of the Science, Com-
merce or Arts Pathways who are aspiring 
to be secondary Commerce, Arts, Science, 
Mathematics, and Computer Studies teach-
ers and professionals.

The following diagram illustrates the progres-
sion and options offered from Year 9 through to 
Year 12.

Year 9

Mathematics

Year 10

choose

Mathematics

or 

General 
Mathematics

Year 11

Mathematics

Year 12

Mathematics

Year 11

General 
Mathematics

Year 12

General 
Mathematics

The mathematics curriculum intended by this 
statement will provide opportunities for stu-
dents to: 

• become effective participants in problem-solv-
ing teams, learning to express ideas, and to 
listen and respond to the ideas of others;

• develop the skills of presentation and critical 
appraisal of a mathematical argument or 
calculation, use mathematics to explore and 
conjecture, and learn from mistakes as well 
as successes;

• develop the characteristics of logical and sys-
tematic thinking, and apply these in mathe-
matical and other contexts, including other 
subjects of the curriculum;

• become confident and competent users of in-
formation technology in mathematical con-
texts;

• develop the skills and confidence to use their 
own language, and the language of mathe-
matics, to express mathematical ideas;

• develop the knowledge and skills to interpret 
written presentations of mathematics; and 

• develop flexibility and creativity in applying 
mathematical ideas and techniques to unfa-
miliar problems arising in everyday life, and 
develop the ability to reflect critically on the 
methods they have chosen.
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Organising Strands
The prescribed content in the Common Year 

9 Mathematics and both the Years 10 to 12 
Mathematics and Years 10 to 12 General 
Mathematics sequence of courses are organised 
around the interaction of outcomes and content 
statements in eight broad strands; one Process 
Strand, Working Mathematically and seven Con-
tent Strands – Number and Operations, Algebra, 
Statistics & Probability, Measurement, Geome-
try, and Trigonometry with the seventh content 
strand, which further extends concepts and con-
tent already covered in the other strands, one for 
Mathematics, Rates of Change & Calculus and the 
other for General Mathematics, Rates of Changes 
& Modelling Functions. 

This division is a convenient way of categoris-
ing the outcomes for mathematics education in 
schools. It emphasises that there are a number 
of aspects that are all equally important. The 
division does not mean that mathematics is ex-
pected to be learned in discrete “packages”. On 
the contrary, the Working Mathematically Pro-
cess Strand is deliberately intended to encour-
age teachers and students to make connections 
between the other strands wherever possible.

Working Mathematically Process 
Strand

Students develop understanding and fluency 
in mathematics through inquiry by interpreting 
and/or posing questions; exploring and con-
necting mathematical concepts by strategically 
thinking and representing; choosing appropri-
ate ideas, methods, and approaches by reason-
ing and justifying; and applying problem-solv-
ing mathematical techniques by reflecting and 
evaluating a variety of options; and communi-
cating mathematically their strategies, conclu-
sions, and solutions. The Working Mathematical-
ly (WM) Process Strand, therefore, includes five 
interrelated groups of sub-processes as listed 
below.

• Interpreting &/or Posing Questions 
• Strategically Thinking & Representing 
• Reasoning & & Justifying 
• Reflecting & Evaluating
• Communicating Mathematically 

These processes provide the language to build 
in the developmental aspects of doing, learning, 
and understanding mathematics. For example, 
these WM processes should be implemented 
when developing new skills and concepts and 
also when applying existing knowledge to solve 
routine and non-routine problems both within 
and beyond Mathematics, cross-curricular with 
other subject areas, and in relation to authentic 
contexts. 

At different stages of teaching and learning a 
content area, the focus may be on a particular 
process or group of processes, but often the five 
groups of processes interweave and/or overlap. 
While this WM strand has a set of separate out-
comes, it is interwoven into, and underpins, the 
content of each of the seven content strands in 
the syllabus.

Seven Content Strands
Within each of the seven Content Strands, par-

ticular aspects of students’ mathematical learn-
ing and understanding are developed. However, 
students need to be able to make connections 
between mathematical ideas, concepts and pro-
cedures and to link these to daily real-life expe-
riences, cultural and family practices in order to 
develop a richer understanding and better ap-
preciation of mathematics. Integrating concepts 
within and between the following strands and 
authentic contexts will support development of 
these connections.

As mentioned above, there are seven content 
strands in the 4YSL Mathematics and General 
Mathematics curricula, namely, Number & Op-
erations, Algebra, Statistics & Probability, 
Measurements, Geometry, and Trigonometry, 
with the seventh content strand being Rates of 
Changes & Calculus for Mathematics and Rates 
of Changes & Modelling Functions for General 
Mathematics.

Number & Operations Strand

The mathematics curriculum intended by this 
statement will provide opportunities for stu-
dents to develop:

• efficient strategies for numerical calculation, 
operations and problem solving;

• an understanding of numbers, the ways 
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they are represented, and the quantities for 
which they stand;

• accuracy, efficiency, and confidence in calcu-
lating — mentally, on paper, and with a cal-
culator; 

• the ability to estimate and to make approx-
imations, and to be alert to the reasonable-
ness of results and measurements; and

• the ability to apply number properties when 
operating with numbers.

Algebra Strand

The mathematics curriculum intended by this 
statement will provide opportunities for stu-
dents to:

• develop efficient strategies for recognising 
patterns, describing relationships and ap-
plying algebraic techniques and generaliza-
tion; 

• recognise patterns and relationships in 
mathematics and the real world, and be able 
to generalise from these;

• develop the ability to think abstractly and to 
use symbols, notation, and graphs and dia-
grams to represent and communicate math-
ematical relationships, concepts, and gener-
alisations; and

• use algebraic expressions confidently to 
solve practical problems.

Statistics & Probability Strand

The mathematics curriculum intended by this 
statement will provide opportunities for stu-
dents to:

• collect, represent, analyse, interpret, and 
evaluate data, assign and use probabilities, 
and make sound judgements;

• recognise appropriate statistical data for 
collection, and develop the skills of collect-
ing, organising, and analysing data, and pre-
senting reports and summaries;

• interpret data presented in charts, tables, 
and graphs of various kinds; and

• develop the ability to estimate probabilities 
and to use probabilities for prediction.

Measurement Strand

The mathematics curriculum intended by this 
statement will provide opportunities for stu-
dents to:

• develop knowledge and understanding of 
systems of measurement and their use and 
interpretation;

• develop confidence and competence in us-
ing instruments and measuring devices;

• predict and calculate the effects of changes 
in variables and rate of change of variables 
on systems representable by simple mathe-
matical models; and

• explore measurement concepts and rela-
tionships and apply formulas, strategies and 
reasoning in the solution of measurement 
problems.

Geometry Strand

The mathematics curriculum intended by this 
statement will provide opportunities for stu-
dents to:

• identify, visualise and quantify attributes of 
shapes and objects, and explore geometric 
concepts and relationships, apply formulas, 
strategies and geometric reasoning in the 
solution of geometric problems;

• gain a knowledge of geometrical relations 
in two and three dimensions, and recognise 
and appreciate their occurrence in the envi-
ronment;

• develop spatial awareness and the ability to 
recognise and make use of the geometrical 
properties and symmetries of everyday ob-
jects; and

• develop the ability to use geometrical mod-
els as aids to solving practical problems in 
time and space.

Trigonometry Strand

The mathematics curriculum intended by this 
statement will provide opportunities for stu-
dents to:

• apply geometric concepts and relationships, 
formulas, strategies, and geometric reason-
ing in the solution of geometric problems 
involving right-angled and non-right-angled 
triangles and similar figures;

• develop spatial awareness and the ability to 
recognise and make use of the geometrical 
properties, similarities and symmetries of 
everyday objects;

• develop awareness that in right-angled tri-
angles the ratio of two sides for a particular 
angle is constant;

• gain a knowledge of Pythagorean triads 
and trigonometric relations, functions, and 
ratios, and recognise and appreciate their 
applications in real life for construction sur-
veying and navigation; and 
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• develop the ability to use trigonometry to 
solve practical problems to determine un-
known lengths, heights, and distances in re-
al-life applications.

Rates of Change & Calculus (for Mathemat-
ics only)

The mathematics curriculum intended by this 
statement will provide opportunities for stu-
dents to:

• recognize patterns of relationships between 
changing quantities in terms of rates of 
changes; 

• develop an awareness of, and ability to de-
scribe and represent, the relationships be-
tween changing quantities in algebraic and 
graphical forms;

• develop the ability to use mathematical con-
cepts and skills and apply complex tech-
niques to the of modeling of, and solving 
problems;

• develop students’ capacity to operate with 
and model situations involving change, us-
ing algebraic and graphical techniques to 
describe and solve problems and to predict 
outcomes; 

• develop the ability to solve problems involv-
ing algebraic and graphical representations 
of functions and rates of change of a function; 

• develop an understanding of the concept of 
a derivative as a function that defines the 
rate of change of a given function;

• reinforce, numerically, geometrically, and al-
gebraically, the relationship between a func-
tion and its derivative function; and

• develop an understanding of how integral 
calculus relates to area under curves and a 
further understanding of the interconnect-
edness of topics from across the syllabus.

Rates of Changes & Modelling Functions 
(for General Mathematics only)

The general mathematics curriculum intended 
by this statement will provide opportunities for 
students to:

• use concepts and apply techniques to the 
solution of problems in algebra and model-
ling;

• recognize and make use of numerical pat-
terns of changing quantities to determine 
modelling functions;

•  recognize patterns of relationships between 
changing quantities in terms of rates of 
changes; 

• develop awareness of, and ability to describe 
and represent, the relationships between 
changing quantities in algebraic and graph-
ical forms; and

• develop the ability to make predictions 
about situations based on mathematical 
models.
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Year Level Organisation of Learning 
Outcomes 

Each strand is divided into two-year levels 
describing the development of the mathematics 
from Year 9 to Year 10.

The number of year levels has been chosen for 
consistency with the Samoa National Curriculum 
Framework. The division of the 4YSL mathe-
matics curriculum into four year levels does not 
mean that there are four well-identified stages, 
which learners pass through in the development 

of mathematical understanding. However, it is ac-
cepted that some concepts are better introduced 
to older student, and that the effective learning of 
some ideas depends on a prior understanding of 
other ideas. The judgment of experienced teach-
ers as to what students can do at various ages has 
been combined with recent research into mathe-
matical learning to place material into year levels. 

The 3-Tiers of Learning Outcomes and Key Ideas
For both Mathematics and General Mathe-

matics, the Content Strands are organised using 
three different Tiers of Outcomes and Key Ideas, 
as follows:

Tier 1 - Major Learning Outcomes (MLO) for 
each strand, provide a summary overview of the 
general major outcomes and standards students 
should achieve, for all its various sub-strands for 
each Year Level.

Tier 2 - Continuum of Key Ideas (KI) for each 
strand/sub-strand, indicate the range of ideas 
and concepts students should explore through 
investigation and problem solving before gener-
alisation, formalisation, practice, and consolida-
tion. 

Tier 3 - Specific Learning Outcomes (SLO) 
for each strand/sub-strand, are in terms of 
knowledge and skills a student should be compe-
tent and proficient with its application in both fa-
miliar and novel/new problem-solving contexts.

A number of Major Learning Outcomes are 
described in each strand, and at each year level. 
The MLO defines what students should be able to 

achieve after appropriate learning experiences 
in mathematics. They define the progression of 
learning outcomes which is the core of this cur-
riculum statement in mathematics.

At each year level, the MLO is quite broad. It 
is expected that, in assessing students’ progress, 
teachers will make judgments as to an individu-
al’s degree of achievement of a particular MLO. 
Teachers’ judgments should be based on an as-
sessment of whether or not, students are able to 
demonstrate and provide evidence of their un-
derstanding of relevant Key Ideas (KI) and com-
petency and proficiency in the application of the 
relevant knowledge and skills (SLO) to solve fa-
miliar and novel problems. Teachers should also 
include a commentary on the degree of achieve-
ment when reporting to parents.

The next section provides an overview of the 
Working Mathematically Process Strand for the 
four-year levels followed by Tiers 1 to 3 over-
views; Major Learning Outcomes, Continuum of 
Key Ideas, and Specific Learning Outcomes; for 
each of the seven content strands.
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Strand 1 – Number & Operations

Strand 2 – Algebra

Strand 3 – Statistics & Probability

Strand 4 – Measurement

Strand 5 – Geometry

Strand 6 – Trigonometry

Strand 7 (Mathematics only) – Rates of Changes & Calculus

Strand 7 (General Mathematics only) – Rates of Changes & Modelling Functions

Overview of Major Learning 
Outcomes
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ig

on
om

et
ric

 fu
nc

-
tio

ns
: s

in
e 

an
d 

co
sin

e 
to

 in
cl

ud
e 

ob
tu

se
 

an
gl

es
 w

ith
 d

om
ai

n 
0°

 ≤
 θ

 ≤
 1

80
° u

sin
g 

th
e 

su
pp

le
m

en
ta

ry
 a

ng
le

 re
la

tio
ns

hi
ps

.
2.

 
Ve

rif
y 

th
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at
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ia

ng
le

s 
(3

0°
-6

0°
-9

0°
 a

nd
 4

5°
-4

5°
-9

0°
), 

th
e 

ex
ac

t s
in

e,
 c

os
in

e 
an

d 
ta

ng
en

t r
ati

os
 fo

r 
an

gl
es

 o
f 3

0°
, 4

5°
 a

nd
 6

0°
.

14
. 

Co
nv

er
t a

ng
le

s 
fro

m
 d

eg
re

e 
to

 ra
di

an
 m

ea
-

su
re

 a
nd

 v
ic

e-
ve

rs
a 

as
 n

ee
de

d.
15

. 
Id

en
tif

y 
an

gl
es

 o
f e

le
va

tio
n 

an
d 

de
pr

es
sio

n.
 

16
. 

So
lv

e 
pr

ob
le

m
s 

in
vo

lv
in

g 
an

gl
es

 o
f e

le
va

tio
n 

an
d 

de
pr

es
sio

n 
w

he
n 

gi
ve

n 
in

 d
ia

gr
am

s.
17

. 
Re

la
te

 th
e 

ta
ng

en
t r

ati
o 

to
 th

e 
gr

ad
ie

nt
 o

f a
 

lin
e.

18
. 

Pr
ov

e,
 u

sin
g 

th
e 

Py
th

ag
or

as
 T

he
or

em
 in

 th
e 

un
it 

ci
rc

le
, t

he
 P

yt
ha

go
re

an
 tr

ig
on

om
et

ric
 

id
en

tit
y:

 c
os

2  θ
 +

 si
n2  θ

 =
1.

19
. 

Pr
ov

e,
 u

sin
g 

th
e 

Py
th

ag
or

as
 T

he
or

em
 in

 th
e 

un
it 

ci
rc

le
, t

ha
t t

he
 ta

ng
en

t r
ati

o 
ca

n 
be

 e
x-

pr
es

se
d 

as
 a

 ra
tio

 o
f s

in
e 

an
d 

co
sin

e 
ra

tio
s, 

6.
 

 Fi
nd

 th
e 

po
ss

ib
le

 a
cu

te
 a

nd
/o

r o
bt

us
e 

an
gl

es
, g

iv
en

 a
 tr

ig
on

om
et

ric
 ra

tio
.

7.
 

 Pr
ov

e 
th

e 
sin

e 
ru

le
: I

n 
a 

gi
ve

n 
tr

ia
ng

le
 

AB
C

, t
he

 ra
tio

 o
f a

 s
id

e 
to

 th
e 

sin
e 

of
 th

e 
op

po
sit

e 
an

gl
e 

is 
a 

co
ns

ta
nt

,

8.
 

 U
se

 th
e 

sin
e 

ru
le

 to
 fi

nd
 th

e 
un

kn
ow

n 
sid

es
 a

nd
 a

ng
le

s 
of

 a
 tr

ia
ng

le
, i

nc
lu

di
ng

 
pr

ob
le

m
s 

in
 w

hi
ch

 th
er

e 
ar

e 
tw

o 
po

ss
ib

le
 

so
lu

tio
ns

 fo
r a

n 
an

gl
e.

9.
 

 Pr
ov

e 
th

e 
co

sin
e 

ru
le

: I
n 

a 
gi

ve
n 

tr
ia

ng
le

 
AB

C
 10

. 
U

se
 th

e 
co

sin
e 

ru
le

 to
 fi

nd
 u

nk
no

w
n 

sid
es

 a
nd

 a
ng

le
s 

of
 a

 tr
ia

ng
le

.
11

. 
Pr

ov
e 

an
d 

us
e 

th
e 

ar
ea

 ru
le

 to
 fi

nd
 th

e 
ar

ea
 o

f a
 tr

ia
ng

le
: I

n 
a 

gi
ve

n 
tr

ia
ng

le
 A

BC

12
. 

D
ra

w
 d

ia
gr

am
s 

an
d 

us
e 

th
em

 to
 s

ol
ve

 
w

or
d 

pr
ob

le
m

s 
th

at
 in

vo
lv

e 
no

n-
rig

ht
-

an
gl

ed
 tr

ia
ng

le
s.

13
. 

So
lv

e 
pr

ob
le

m
s, 

in
cl

ud
in

g 
pr

ac
tic

al
 p

ro
b-

le
m

s, 
in

vo
lv

in
g 

th
e 

sin
e 

an
d 

co
sin

e 
ru

le
s 

an
d 

th
e 

ar
ea

 ru
le

, e
.g

., 
pr

ob
le

m
s 

re
la

te
d 

to
 s

ur
ve

yi
ng

 o
r o

rie
nt

ee
rin

g.
14

. 
U

se
 a

pp
ro

pr
iat

e 
tri

go
no

m
et

ric
 ra

tio
s a

nd
 

fo
rm

ul
as

 to
 so

lve
 2

-D
 tr

ig
on

om
et

ric
 p

ro
b-

le
m

s t
ha

t r
eq

ui
re

 th
e 

us
e 

of
 m

or
e 

th
an

 o
ne

 
tri

an
gl

e,
 w

he
re

 th
e 

di
ag

ra
m

 is
 p

ro
vi

de
d,

 
an

d 
w

he
re

 a
 v

er
ba

l d
es

cr
ip

tio
n 

is 
gi

ve
n.

5.
 

Re
co

gn
ize

 th
at

 tr
ig

o-
no

m
et

ric
 fu

nc
tio

ns
 a

re
 

pe
rio

di
c 

an
d 

th
at

 th
is 

ca
n 

be
 u

se
d 

to
 d

es
cr

ib
e 

m
oti

on
.

6.
 

G
en

er
at

e 
tr

ig
on

om
et

ric
 

in
ve

rs
e 

fu
nc

tio
ns

 a
nd

 
ca

lc
ul

at
e 

va
lu

es
 fo

r t
he

 
tr

ig
on

om
et

ric
 fu

nc
tio

ns
 

th
at

 a
re

 th
e 

re
ci

pr
o-

ca
ls 

of
 s

in
e,

 c
os

in
e 

an
d 

ta
ng

en
t. 

2.
 

 U
se

 a
pp

ro
pr

ia
te

 tr
ig

on
o-

m
et

ric
 ra

tio
s 

an
d 

fo
r-

m
ul

as
 to

 s
ol

ve
 tw

o-
di

-
m

en
sio

na
l p

ro
bl

em
s 

th
at

 
re

qu
ire

 th
e 

us
e 

of
 m

or
e 

th
an

 o
ne

 tr
ia

ng
le

 w
he

re
 

th
e 

di
ag

ra
m

 is
 p

ro
vi

d-
ed

 a
nd

 w
he

re
 a

 v
er

ba
l 

de
sc

rip
tio

n 
is 

gi
ve

n.
3.

 
 So

lv
e 

pr
ob

le
m

s 
in

vo
lv

-
in

g 
th

e 
le

ng
th

s 
of

 th
e 

ed
ge

s 
an

d 
di

ag
on

al
s 

of
 

re
ct

an
gu

la
r p

ris
m

s 
an

d 
ot

he
r t

hr
ee

-d
im

en
sio

na
l 

ob
je

ct
s.

4.
 

 So
lv

e 
tr

ig
on

om
et

ric
 

eq
ua

tio
ns

 u
sin

g 
fu

nd
a-

m
en

ta
l i

de
nti

tie
s.

5.
 

 In
ve

sti
ga

te
 g

ra
ph

s 
of

 th
e 

sin
e,

 c
os

in
e 

an
d 

ta
ng

en
t 

fu
nc

tio
ns

 fo
r a

ng
le

s 
of

 
an

y 
m

ag
ni

tu
de

 in
cl

ud
in

g 
ne

ga
tiv

e 
an

gl
es

.
6.

 
U

se
 th

e 
un

it 
ci

rc
le

 o
r 

gr
ap

hs
 o

f t
rig

on
om

et
ric

 
fu

nc
tio

ns
 to

 e
st

ab
lis

h 
an

d 
us

e 
th

e 
fo

llo
w

in
g 

re
la

tio
ns

hi
ps

 fo
r o

bt
us

e 
an

gl
es

, w
he

re
 0

° ≤
 θ

 ≤
 

90
°: 

sin
Α 

= 
sin

(1
80

°-
 Α

)

YE
A

R 
9

M
at

he
m

eti
cs

YE
A

R 
10

M
at

he
m

eti
cs

YE
A

R 
11

M
at

he
m

eti
cs

YE
A

R 
12

M
at

he
m

eti
cs

20
. 

U
se

 th
e 

Py
th

ag
or

ea
n 

id
en

tit
y 

an
d 

tr
ig

on
o-

m
et

ric
 ra

tio
s 

to
 d

et
er

m
in

e 
un

kn
ow

n 
an

gl
es

 
an

d 
sid

es
 in

 p
ra

cti
ca

l p
ro

bl
em

s.
21

. 
So

lv
e 

pr
ob

le
m

s 
in

 p
ra

cti
ca

l s
itu

ati
on

s 
in

vo
lv

-
in

g 
rig

ht
-a

ng
le

d 
tr

ia
ng

le
s 

us
in

g 
tr

ig
on

om
et

ric
 

ra
tio

s 
an

d 
Py

th
ag

or
as

’ T
he

or
em

, e
.g

., 
fin

di
ng

 
th

e 
he

ig
ht

 o
f a

 tw
o-

st
or

ey
 b

ui
ld

in
g,

 fi
nd

in
g 

th
e 

he
ig

ht
 o

f a
 fl

ag
po

le
, fi

nd
in

g 
th

e 
pi

tc
h 

of
 

a 
ro

of
.

Tr
ig

on
om

et
ric

 F
un

cti
on

s
St

ud
en

ts
 a

re
 a

bl
e 

to
:

1.
 

 U
se

 th
e 

ex
ac

t v
al

ue
s 

fro
m

 th
e 

sp
ec

ia
l 

rig
ht

-a
ng

le
d 

tr
ia

ng
le

s 
(3

0°
-6

0°
-9

0°
 a

nd
 4

5°
-

45
°-

90
°),

 fo
r t

he
 s

in
e 

an
d 

co
sin

e 
ra

tio
s 

fo
r 

an
gl

es
 3

0°
, 4

5°
 a

nd
 6

0°
 to

 d
ra

w
 g

ra
ph

s 
fo

r 
th

e 
sin

e 
an

d 
co

sin
e 

fu
nc

tio
ns

 fo
r t

he
 d

om
ai

n 
0°

 ≤
 θ

 ≤
 9

0°
.

2.
 

 U
se

 a
 c

al
cu

la
to

r t
o 

ge
ne

ra
te

 o
th

er
 tr

ig
o-

no
m

et
ric

 ra
tio

 v
al

ue
s 

(si
ne

 a
nd

 c
os

in
e)

 fo
r 

ev
er

y 
15

° i
nt

er
va

l, 
fo

r a
ng

le
 θ

 fr
om

 0
 to

 9
0°

 
to

 fa
ci

lit
at

e 
th

e 
sk

et
ch

in
g 

of
 s

in
e,

 c
os

in
e,

 a
nd

 
ta

ng
en

t g
ra

ph
s 

fo
r t

he
 d

om
ai

n 
0°

 ≤
 θ

 ≤
 9

0°
.

3.
 

Ex
pl

or
e 

an
d 

de
sc

rib
e 

th
e 

re
la

tio
ns

hi
p 

be
-

tw
ee

n 
th

e 
co

sin
e 

an
d 

sin
e 

va
lu

es
 o

f c
om

pl
e-

m
en

ta
ry

 a
ng

le
s 

us
in

g 
bo

th
 n

um
er

ic
al

 v
al

ue
s 

an
d 

lin
e 

sy
m

m
et

ry
 o

f t
he

 tw
o 

gr
ap

hs
.

15
. 

Re
co

gn
ise

 th
at

 if
 g

iv
en

 tw
o 

sid
es

 a
nd

 
an

 a
ng

le
 (n

ot
 in

cl
ud

ed
) t

he
n 

tw
o 

tr
ia

n-
gl

es
 m

ay
 re

su
lt,

 le
ad

in
g 

to
 tw

o 
so

lu
tio

ns
 

w
he

n 
th

e 
sin

e 
ru

le
 is

 u
se

d.
16

. 
Ex

pl
ai

n 
w

ha
t h

ap
pe

ns
 if

 th
e 

sin
e,

 c
os

in
e 

an
d 

ar
ea

 ru
le

s 
ar

e 
ap

pl
ie

d 
in

 ri
gh

t-
an

gl
ed

 
tr

ia
ng

le
s.

17
. 

As
k 

qu
es

tio
ns

 a
bo

ut
 h

ow
 tr

ig
on

om
et

ric
 

ra
tio

s 
ch

an
ge

 a
s 

th
e 

an
gl

e 
in

cr
ea

se
s 

fro
m

 
0°

 to
 1

80
°.

18
. 

Re
co

gn
ise

 th
at

 if
 s

in
 A

 ≥
 0

 th
en

 th
er

e 
ar

e 
tw

o 
po

ss
ib

le
 v

al
ue

s 
fo

r A
, g

iv
en

 0
° ≤

 θ
 ≤

 
18

0°
.

Tr
ig

on
om

et
ric

 F
un

cti
on

s
St

ud
en

ts
 a

re
 a

bl
e 

to
:

1.
 

Ex
te

nd
 g

ra
ph

s 
of

 th
e 

tr
ig

on
om

et
ric

 fu
nc

-
tio

ns
: s

in
e 

an
d 

co
sin

e 
to

 in
cl

ud
e 

ob
tu

se
 

an
gl

es
 w

ith
 d

om
ai

n 
0°

 ≤
 θ

 ≤
 1

80
° u

sin
g 

th
e 

su
pp

le
m

en
ta

ry
 a

ng
le

 re
la

tio
ns

hi
ps

.
2.

 
Ve

rif
y 

th
e 

gr
ap

hs
 o

f t
he

 tr
ig

on
om

et
ric

 
fu

nc
tio

ns
: s

in
e 

an
d 

co
sin

e 
fo

r d
om

ai
n 

0°
 

≤ 
θ 

≤ 
18

0°
 b

y 
us

in
g 

sp
ec

ia
l a

ng
le

s 
an

d 
a 

ca
lc

ul
at

or
 to

 g
en

er
at

e 
ot

he
r t

rig
on

om
et

-
ric

 ra
tio

 v
al

ue
s 

(si
ne

 a
nd

 c
os

in
e)

 fo
r e

ve
ry

 
15

° i
nt

er
va

l, 
fo

r a
ng

le
 θ

 =
 9

0°
 u

p 
to

 θ
 =

 
18

0°
.

3.
 

Ex
pl

or
e 

an
d 

de
sc

rib
e 

th
e 

re
la

tio
ns

hi
p 

be
-

tw
ee

n 
th

e 
co

sin
e 

an
d 

sin
e 

va
lu

es
 o

f s
up

-
pl

em
en

ta
ry

 a
ng

le
s 

us
in

g 
bo

th
 n

um
er

ic
al

 
va

lu
es

 a
nd

 s
ym

m
et

ry
 o

f t
he

 tw
o 

gr
ap

hs
. 



98

TI
ER

 3
SP

EC
IF

IC
 L

EA
RN

IN
G

 O
U

TC
O

M
ES

 –
 T

IE
R 

3 
– 

ST
RA

N
D

 6
 

TR
IG

O
N

O
M

ET
RY

YE
A

R 
10

G
en

er
al

 M
at

he
m

eti
cs

YE
A

R 
11

G
en

er
al

 M
at

he
m

eti
cs

YE
A

R 
12

G
en

er
al

 M
at

he
m

eti
cs

Py
th

ag
or

as
 Tr

ia
ds

 
St

ud
en

ts
 a

re
 a

bl
e 

to
: 

1.
 

So
lv

e 
rig

ht
-a

ng
le

d 
tr

ia
ng

le
 p

ro
bl

em
s 

in
cl

ud
in

g 
th

os
e 

in
vo

lv
in

g 
di

re
cti

on
 a

nd
 

an
gl

es
 o

f d
ep

re
ss

io
n.

2.
 

Fa
m

ilia
ris

e 
w

ith
 ra

di
an

 m
ea

su
re

 a
nd

 it
s 

re
la

tio
ns

hi
p 

w
ith

 d
eg

re
e 

m
ea

su
re

.
3.

 
Id

en
tif

y 
an

d 
pr

ov
e 

Py
th

ag
or

ea
n 

id
en

titi
es

.

Tr
ig

on
om

et
ric

 F
un

cti
on

s a
nd

 R
ati

os
St

ud
en

ts
 a

re
 a

bl
e 

to
: 

1.
 

Se
le

ct
 a

nd
 u

se
 a

pp
ro

pr
ia

te
 tr

ig
on

om
et

-
ric

 ra
tio

s 
in

 ri
gh

t-
an

gl
ed

 tr
ia

ng
le

s 
to

 fi
nd

 
un

kn
ow

n 
an

gl
es

 c
or

re
ct

 to
 th

e 
ne

ar
es

t 
de

gr
ee

.
2.

 
Id

en
tif

y 
an

gl
es

 o
f e

le
va

tio
n 

an
d 

de
pr

es
sio

n
3.

 
D

ra
w

 d
ia

gr
am

s 
to

 a
ss

ist
 in

 s
ol

vi
ng

 p
ra

cti
ca

l 
pr

ob
le

m
s 

in
vo

lv
in

g 
an

gl
es

 o
f e

le
va

tio
n 

an
d 

de
pr

es
sio

n.

Py
th

ag
or

as
 Tr

ia
ds

 
St

ud
en

ts
 a

re
 a

bl
e 

to
: 

1.
 

U
se

 s
im

ila
rit

y 
to

 in
ve

sti
ga

te
 th

e 
co

ns
ta

nc
y 

of
 th

e 
sin

e,
 c

os
in

e 
an

d 
ta

ng
en

t r
ati

os
 fo

r a
 g

iv
en

 a
ng

le
 in

 
rig

ht
-a

ng
le

d 
tr

ia
ng

le
s.

2.
 

Ap
pl

y 
tr

ig
on

om
et

ry
 to

 s
ol

ve
 c

om
pl

ex
 ri

gh
t-

an
gl

ed
 

tr
ia

ng
le

 p
ro

bl
em

s.
3.

 
Ap

pl
y 

tr
ig

on
om

et
ry

 to
 s

ol
ve

 c
om

pl
ex

 ri
gh

t-
an

gl
ed

 
tr

ia
ng

le
 p

ro
bl

em
s.

Tr
ig

on
om

et
ric

 F
un

cti
on

s a
nd

 R
ati

os
St

ud
en

ts
 a

re
 a

bl
e 

to
: 

1.
 

U
se

 th
e 

un
it 

ci
rc

le
 to

 d
efi

ne
 tr

ig
on

om
et

ric
 fu

nc
-

tio
ns

, a
nd

 g
ra

ph
 th

em
 w

ith
 a

nd
 w

ith
ou

t t
he

 u
se

 
of

 d
ig

ita
l t

ec
hn

ol
og

ie
s.

2.
 

So
lv

e 
a 

va
rie

ty
 o

f p
ra

cti
ca

l p
ro

bl
em

s 
in

vo
lv

in
g 

an
gl

es
 o

f e
le

va
tio

n 
an

d 
de

pr
es

sio
n 

in
cl

ud
in

g 
pr

ob
le

m
s 

fo
r w

hi
ch

 a
 d

ia
gr

am
 is

 n
ot

 p
ro

vi
de

d.
3.

 
D

ra
w

 d
ia

gr
am

s 
an

d 
us

e 
th

em
 to

 s
ol

ve
 w

or
d 

pr
ob

le
m

s 
in

vo
lv

in
g 

rig
ht

-a
ng

le
d 

tr
ia

ng
le

s 
in

 th
re

e 
di

m
en

sio
ns

 th
at

 in
cl

ud
e 

th
e 

us
e 

of
 b

ea
rin

gs
.

Py
th

ag
or

as
 Tr

ia
ds

 
St

ud
en

ts
 a

re
 a

bl
e 

to
: 

1.
 

Ap
pl

y 
tr

ig
on

om
et

ry
 to

 s
ol

e 
th

re
e-

di
m

en
sio

na
l 

pr
ob

le
m

s 
in

 ri
gh

t-
an

gl
ed

 tr
ia

ng
le

s.
2.

 
So

lv
e 

pr
ob

le
m

s 
in

vo
lv

in
g 

th
e 

le
ng

th
s 

of
 th

e 
ed

g-
es

 a
nd

 d
ia

go
na

ls 
of

 re
ct

an
gu

la
r p

ris
m

s 
an

d 
ot

he
r 

th
re

e-
di

m
en

sio
na

l o
bj

ec
ts

.
3.

 
U

se
 a

 g
iv

en
 d

ia
gr

am
 to

 s
ol

ve
 p

ro
bl

em
s 

in
vo

lv
in

g 
rig

ht
-a

ng
le

d 
tr

ia
ng

le
s 

in
 th

re
e 

di
m

en
sio

ns
.

Tr
ig

on
om

et
ric

 F
un

cti
on

s a
nd

 R
ati

os
St

ud
en

ts
 a

re
 a

bl
e 

to
: 

1.
 

D
et

er
m

in
e 

a 
nu

m
be

r w
ith

 a
 g

iv
en

 c
irc

ul
ar

 fu
nc

-
tio

n 
va

lu
e.

2.
 

U
se

 ri
gh

t t
ria

ng
le

s 
dr

aw
n 

in
 th

e 
un

it 
ci

rc
le

 to
 

de
fin

e 
th

e 
tr

ig
on

om
et

ric
 fu

nc
tio

ns
 fo

r a
ny

 a
ng

le
.

3.
 

So
lv

e 
tr

ig
on

om
et

ric
 e

qu
ati

on
s 

us
in

g 
lin

ea
r m

et
h-

od
s, 

fa
ct

or
in

g,
 q

ua
dr

ati
c 

fo
rm

ul
a 

or
 g

ra
ph

in
g.

4.
 

So
lv

e 
tr

ig
on

om
et

ric
 e

qu
ati

on
s 

w
ith

 m
ul

tip
le

 a
n-

gl
es

 a
nd

 w
ith

 u
sin

g 
fu

nd
am

en
ta

l i
de

nti
tie

s.



99

TI
ER

 1
M

A
JO

R 
LE

A
RN

IN
G

 O
U

TC
O

M
ES

 –
 T

IE
R 

1 
– 

ST
RA

N
D

 7
  

RA
TE

S 
O

F 
CH

A
N

G
E 

&
 C

A
LC

U
LU

S
YE

A
R 

9
M

at
he

m
eti

cs
YE

A
R 

10
M

at
he

m
eti

cs
YE

A
R 

11
M

at
he

m
eti

cs
YE

A
R 

12
M

at
he

m
eti

cs

Ra
te

s o
f C

ha
ng

e 
St

ud
en

ts
 id

en
tif

y 
re

al
-li

fe
 s

itu
ati

on
s 

w
hi

ch
 d

em
on

st
ra

te
 c

on
st

an
t a

nd
 

va
ria

bl
e 

ra
te

s 
of

 c
ha

ng
es

; a
nd

 u
se

 
th

e 
re

la
tio

ns
hi

ps
 b

et
w

ee
n 

ra
te

s 
of

 c
ha

ng
e,

 g
ra

di
en

ts
, a

nd
 g

ra
ph

 
fe

at
ur

es
 to

 d
et

er
m

in
e 

a 
su

ita
bl

e 
al

ge
br

ai
c 

re
pr

es
en

ta
tio

n 
of

 th
e 

pr
ob

le
m

 c
on

te
xt

. 

N
um

be
r S

eq
ue

nc
es

 
St

ud
en

ts
 g

en
er

at
e 

di
ffe

re
nt

 ty
pe

s 
of

 n
um

be
r s

eq
ue

nc
es

 fr
om

 re
al

 li
fe

; 
ge

ne
ra

lis
e 

th
e 

ru
le

 o
f t

he
 n

um
be

r 
pa

tte
rn

; p
re

di
ct

 th
e 

re
qu

ire
d 

te
rm

s;
 

an
d 

es
ta

bl
ish

 g
ra

ph
 ty

pe
.

Re
la

tio
ns

 a
nd

 F
un

cti
on

s
St

ud
en

ts
 id

en
tif

y,
 d

es
cr

ib
e,

 re
pr

e-
se

nt
, a

nd
 re

co
gn

ise
 re

la
tio

ns
 a

nd
 

fu
nc

tio
ns

 fr
om

 s
ch

em
ati

c 
de

sc
rip

-
tio

ns
, a

rro
w

 d
ia

gr
am

s, 
an

d 
C

ar
te

-
sia

n 
di

ag
ra

m
s.

Ra
te

s o
f C

ha
ng

e 
St

ud
en

ts
 e

xp
lo

re
 a

nd
 e

st
ab

lis
h 

eq
ua

tio
ns

 re
pr

es
en

tin
g 

ea
ch

 p
att

er
n 

ty
pe

 o
f r

at
es

 o
f c

ha
ng

e 
fo

r g
ra

di
en

ts
 

an
d 

es
ta

bl
ish

 a
 re

la
tio

ns
hi

p 
be

tw
ee

n 
es

tim
at

es
 o

f a
re

a 
un

de
r c

ur
ve

s 
an

d 
eq

ua
tio

ns
 o

f c
ur

ve
s.

N
um

be
r S

eq
ue

nc
es

 
St

ud
en

ts
 g

en
er

at
e 

nu
m

be
r s

eq
ue

nc
-

es
 fr

om
 re

al
 li

fe
 a

nd
 fo

rm
ul

at
e 

ge
n-

er
al

 te
rm

s; 
id

en
tif

y 
ar

ith
m

eti
c 

an
d 

ge
om

et
ric

 s
eq

ue
nc

es
; a

nd
 p

re
di

ct
 

re
qu

ire
d 

te
rm

s 
an

d 
gr

ap
h 

nu
m

be
r 

se
qu

en
ce

s.

Re
la

tio
ns

 a
nd

 F
un

cti
on

s
St

ud
en

ts
 id

en
tif

y 
an

d 
di

sti
ng

ui
sh

 
be

tw
ee

n 
re

la
tio

ns
 a

nd
 fu

nc
tio

ns
; 

co
ns

ol
id

at
e 

co
nn

ec
tio

ns
 b

et
w

ee
n 

fu
nc

tio
n 

eq
ua

tio
ns

, g
ra

ph
 fe

at
ur

es
, 

an
d 

ra
te

s 
of

 c
ha

ng
e;

 u
se

 v
ar

io
us

 n
o-

ta
tio

ns
 to

 re
pr

es
en

t d
om

ai
ns

, r
an

ge
s, 

an
d 

fu
nc

tio
ns

; a
nd

 in
ve

sti
ga

te
 

gr
ap

hs
 tr

an
sf

or
m

ati
on

s 
of

 li
ne

ar
, 

sim
pl

e 
qu

ad
ra

tic
 a

nd
 e

xp
on

en
tia

l 
fu

nc
tio

ns
.

Ca
lc

ul
us

St
ud

en
ts

 In
te

rp
re

t a
nd

 u
se

 in
fo

rm
ati

on
 

ab
ou

t r
at

es
 p

re
se

nt
ed

 in
 a

 v
ar

ie
ty

 o
f 

w
ay

s, 
fo

r e
xa

m
pl

e,
 g

ra
ph

ic
al

ly
, n

um
er

-
ic

al
ly

, o
r i

n 
ta

bl
es

; u
se

 te
ch

ni
qu

es
 s

uc
h 

as
 g

ra
ph

in
g 

an
d 

av
er

ag
in

g 
to

 e
xp

lo
re

 
ra

te
s 

an
d 

ra
te

s 
of

 c
ha

ng
e.

 F
or

 e
xa

m
pl

e,
 

ta
x 

ra
te

s, 
po

llu
tio

n 
ra

te
s 

m
ea

su
re

d 
in

 
pa

rt
s 

pe
r m

illi
on

, a
cc

el
er

ati
on

, i
nfl

ati
on

, 
st

oc
ki

ng
 ra

te
s, 

an
d 

un
it 

pr
ic

in
g;

 e
xp

la
in

 
th

e 
re

la
tio

ns
hi

p 
be

tw
ee

n 
th

e 
gr

ad
ie

nt
 o

f 
a 

gr
ap

h 
an

d 
th

e 
ra

te
 o

f c
ha

ng
e;

 in
te

r-
pr

et
 a

nd
 u

se
 in

fo
rm

ati
on

 a
bo

ut
 ra

te
s 

pr
es

en
te

d 
in

 a
 v

ar
ie

ty
 o

f w
ay

s, 
fo

r e
xa

m
-

pl
e,

 g
ra

ph
ic

al
ly

, o
r i

n 
ta

bl
es

; i
nt

ro
du

ce
 

th
e 

ba
sic

 id
ea

 o
f l

im
its

 (e
la

bo
ra

tin
g 

fro
m

 
ot

he
r f

un
cti

on
s);

 e
xp

lo
re

 li
m

its
 w

ith
 re

-
sp

ec
t t

o 
de

riv
ati

ve
s; 

ex
pl

or
e 

ar
ea

s 
un

de
r 

th
e 

cu
rv

e 
st

ar
tin

g 
w

ith
 li

ne
ar

 fu
nc

tio
ns

 
(a

pp
ly

 tr
ig

on
om

et
ry

); 
in

tro
du

ce
 c

on
ce

pt
 

of
 in

te
gr

ati
on

 e
m

ph
as

izi
ng

 it
s 

us
e 

fo
r a

r-
ea

s 
un

de
r t

he
 c

ur
ve

 (s
im

pl
e)

;  
an

d 
so

lv
e 

au
th

en
tic

 re
al

-li
fe

 p
ro

bl
em

s 
in

vo
lv

in
g 

co
m

pl
ex

 c
om

bi
na

tio
ns

 a
nd

 a
pp

lic
ati

on
s 

of
 ra

te
s 

of
 c

ha
ng

e,
 d

er
iv

ati
ve

s 
an

d 
in

te
gr

al
s.

Ca
lc

ul
us

St
ud

en
ts

 e
st

ab
lis

hi
ng

 th
e 

re
la

tio
ns

hi
p 

be
tw

ee
n 

th
e 

gr
ad

ie
nt

 o
f a

 g
ra

ph
 a

nd
 

th
e 

ra
te

 o
f c

ha
ng

e,
 a

nd
 in

te
rp

re
tin

g 
th

is 
in

 c
on

te
xt

, u
sin

g 
te

ch
no

lo
gy

 w
he

re
 

ap
pr

op
ria

te
.

In
te

rp
re

t a
 s

tr
ai

gh
t-

lin
e 

gr
ap

h,
 e

xp
la

in
in

g 
w

ha
t t

he
 s

lo
pe

s 
re

pr
es

en
t i

n 
a 

gi
ve

n 
co

nt
ex

t, 
an

d 
su

gg
es

t r
ea

so
ns

 fo
r c

ha
ng

-
es

 in
 s

lo
pe

s.
Ap

pl
yi

ng
 in

te
gr

ati
on

, i
nc

lu
di

ng
 it

s 
us

e 
in

 
fin

di
ng

 a
re

as
 u

nd
er

 p
ol

yn
om

ia
l c

ur
ve

s.
D

isc
us

sin
g 

ap
pl

ic
ati

on
s 

of
 d

iff
er

en
tia

-
tio

n,
 in

cl
ud

in
g 

m
ax

im
a,

 m
in

im
a,

 v
el

oc
ity

 
an

d 
ac

ce
le

ra
tio

n;
Ex

pl
or

e 
th

e 
fir

st
 p

rin
ci

pl
es

 m
et

ho
d.

Fu
rt

he
r i

nf
or

m
ati

on
 to

 e
va

lu
ati

ng
 c

on
-

st
an

t o
f i

nt
eg

ra
tio

n.
Ex

pl
or

e 
2nd

 d
er

iv
ati

ve
s 

an
d 

eff
ec

ts
 o

n 
gr

ap
hs

.
Ap

pl
ic

ati
on

 p
ro

bl
em

s 
in

vo
lv

in
g 

ki
ne

m
at

-
ic

s 
an

d 
ra

te
s 

of
 c

ha
ng

e 
w

ith
 re

sp
ec

t t
o 

tim
e.

So
lv

e 
au

th
en

tic
 re

al
-li

fe
 p

ro
bl

em
s 

in
vo

lv
in

g 
co

m
pl

ex
 c

om
bi

na
tio

ns
 a

nd
 a

p-
pl

ic
ati

on
s 

of
 ra

te
s 

of
 c

ha
ng

e,
 d

er
iv

ati
ve

s 
an

d 
in

te
gr

al
s. 



100

TI
ER

 1
M

A
JO

R 
LE

A
RN

IN
G

 O
U

TC
O

M
ES

 –
 T

IE
R 

1 
– 

ST
RA

N
D

 7
  

RA
TE

S 
O

F 
CH

A
N

G
E 

&
 M

O
D

EL
LI

N
G

 F
U

N
CT

IO
N

S
YE

A
R 

10
G

en
er

al
 M

at
he

m
eti

cs
YE

A
R 

11
G

en
er

al
 M

at
he

m
eti

cs
YE

A
R 

12
G

en
er

al
 M

at
he

m
eti

cs

Ra
te

s o
f C

ha
ng

e 
St

ud
en

ts
 e

xp
lo

re
 a

nd
 c

om
pa

re
 c

ha
ng

e,
 fo

r e
xa

m
-

pl
e,

 g
ro

w
th

, t
em

pe
ra

tu
re

, h
ea

rt
be

at
s; 

ex
pl

or
e 

an
d 

co
m

pa
re

 1
st
 d

iff
er

en
ce

 a
nd

 2
nd

 d
iff

er
en

ce
 n

um
er

-
ic

al
 p

att
er

ns
; e

xp
lo

re
 ra

te
s 

of
 c

ha
ng

e 
on

 a
 c

ur
ve

 
at

 d
iff

er
en

t p
oi

nt
s 

(m
od

el
 to

 a
 re

al
 li

fe
 s

itu
ati

on
 

– 
hi

ki
ng

); 
an

d 
so

lv
e 

au
th

en
tic

 re
al

-li
fe

 p
ro

bl
em

s 
in

vo
lv

in
g 

sim
pl

e 
co

m
bi

na
tio

ns
 a

nd
 a

pp
lic

ati
on

s 
of

 ra
te

s 
of

 c
ha

ng
e 

m
os

t r
el

ev
an

t t
o 

th
e 

ar
ea

s 
of

 
TV

ET
, T

ec
hn

ol
og

y,
 H

PE
, V

isu
al

 A
rt

s 
an

d 
So

ci
al

 
St

ud
ie

s.

M
od

el
lin

g 
Fu

nc
tio

ns
St

ud
en

ts
 In

te
rp

re
t a

nd
 u

se
 in

fo
rm

ati
on

 a
bo

ut
 ra

te
s 

pr
es

en
te

d 
gr

ap
hi

ca
lly

 a
nd

 n
um

er
ic

al
ly

; u
se

 te
ch

ni
qu

es
 

su
ch

 a
s 

gr
ap

hi
ng

 a
nd

 a
ve

ra
gi

ng
 to

 e
xp

lo
re

 a
 v

ar
ie

ty
 o

f 
ra

te
s 

an
d 

ra
te

s 
of

 c
ha

ng
e 

(su
ch

 a
s 

ta
x 

ra
te

s, 
po

llu
tio

n 
ra

te
s, 

 in
fla

tio
n 

ra
te

s, 
an

d 
un

it 
pr

ic
in

g)
; e

xp
la

in
 th

e 
re

la
tio

ns
hi

p 
be

tw
ee

n 
th

e 
gr

ad
ie

nt
 o

f a
 g

ra
ph

 a
nd

 th
e 

ra
te

 o
f c

ha
ng

e;
 d

er
iv

e 
eq

ua
tio

ns
 to

 re
pr

es
en

t n
um

er
i-

ca
l p

att
er

ns
 o

f 1
st
 a

nd
 2

nd
 d

iff
er

en
ce

s 
an

d/
or

 c
om

m
on

 
ra

tio
s 

to
 d

et
er

m
in

e 
m

od
el

lin
g 

fu
nc

tio
ns

 fo
r s

im
pl

e 
au

-
th

en
tic

 re
al

-li
fe

 s
itu

ati
on

s 
in

vo
lv

in
g 

va
rio

us
 c

om
bi

na
-

tio
ns

 a
nd

 a
pp

lic
ati

on
s 

of
 ra

te
s 

of
 c

ha
ng

e 
an

d 
gr

ow
th

 
m

os
t r

el
ev

an
t t

o 
th

e 
ar

ea
s 

of
 T

VE
T,

 T
ec

hn
ol

og
y,

 H
PE

, 
Vi

su
al

 A
rt

s 
an

d 
So

ci
al

 S
tu

di
es

.

M
od

el
lin

g 
Fu

nc
tio

ns
St

ud
en

ts
 e

st
ab

lis
h 

th
e 

re
la

tio
ns

hi
p 

be
tw

ee
n 

th
e 

gr
ad

ie
nt

 o
f a

 g
ra

ph
 a

nd
 th

e 
ra

te
 o

f c
ha

ng
e,

 a
nd

 
in

te
rp

re
tin

g 
th

is 
in

 c
on

te
xt

, u
sin

g 
te

ch
no

lo
gy

 w
he

re
 

ap
pr

op
ria

te
; i

nt
er

pr
et

 a
 s

tr
ai

gh
t-

lin
e 

gr
ap

h,
 e

xp
la

in
-

in
g 

w
ha

t t
he

 s
lo

pe
s 

re
pr

es
en

t i
n 

a 
gi

ve
n 

co
nt

ex
t, 

an
d 

su
gg

es
t r

ea
so

ns
 fo

r c
ha

ng
es

 in
 s

lo
pe

s; 
de

riv
e 

eq
ua

tio
ns

 to
 re

pr
es

en
t n

um
er

ic
al

 p
att

er
ns

 o
f 1

st
 a

nd
 

2nd
 d

iff
er

en
ce

s 
an

d/
or

 c
om

m
on

 ra
tio

s 
to

 d
et

er
m

in
e 

m
od

el
lin

g 
fu

nc
tio

ns
 fo

r a
 v

ar
ie

ty
 o

f c
om

pl
ex

 a
ut

he
nti

c 
re

al
-li

fe
 s

itu
ati

on
s 

in
vo

lv
in

g 
co

m
pl

ex
 c

om
bi

na
tio

ns
 

an
d 

ap
pl

ic
ati

on
s 

of
 ra

te
s 

of
 c

ha
ng

e 
an

d 
gr

ow
th

 m
os

t 
re

le
va

nt
 to

 th
e 

ar
ea

s 
of

 T
VE

T,
 T

ec
hn

ol
og

y,
 H

PE
, V

isu
al

 
Ar

ts
 a

nd
 S

oc
ia

l S
tu

di
es

.



101

TI
ER

 2
CO

N
TI

N
U

U
M

 O
F 

KE
Y 

ID
EA

S 
– 

TI
ER

 2
 –

 S
TR

A
N

D
 7

  

RA
TE

S 
O

F 
CH

A
N

G
E 

&
 C

A
LC

U
LU

S
YE

A
R 

9
M

at
he

m
eti

cs
YE

A
R 

10
M

at
he

m
eti

cs
YE

A
R 

11
M

at
he

m
eti

cs
YE

A
R 

12
M

at
he

m
eti

cs

Ra
te

s o
f C

ha
ng

e 
St

ud
en

ts
 le

ar
n 

ab
ou

t i
de

nti
fy

in
g 

re
al

-li
fe

 s
itu

ati
on

s 
th

at
 d

em
on

st
ra

te
 

co
ns

ta
nt

 a
nd

 v
ar

ia
bl

e 
ra

te
s 

of
 

ch
an

ge
s; 

an
d 

us
in

g 
th

e 
re

la
tio

ns
hi

ps
 

be
tw

ee
n 

ra
te

s 
of

 c
ha

ng
e,

 g
ra

di
en

ts
, 

an
d 

fe
at

ur
es

 o
f g

ra
ph

s 
to

 d
et

er
m

in
e 

su
ita

bl
e 

al
ge

br
ai

c 
re

pr
es

en
ta

tio
ns

 o
f 

pr
ob

le
m

 c
on

te
xt

s.

N
um

be
r S

eq
ue

nc
es

 
St

ud
en

t l
ea

rn
 a

bo
ut

 g
en

er
ati

ng
 d

if-
fe

re
nt

 ty
pe

s 
of

 n
um

be
r s

eq
ue

nc
es

 
fro

m
 re

al
 li

fe
; g

en
er

al
isi

ng
 th

e 
ru

le
 

of
 th

e 
nu

m
be

r p
att

er
n;

 a
nd

 m
ak

-
in

g 
pr

ed
ic

tio
ns

 fo
r n

ex
t t

er
m

s 
an

d 
gr

ap
h 

of
 s

eq
ue

nc
e.

Re
la

tio
ns

 a
nd

 F
un

cti
on

s
St

ud
en

ts
 le

ar
n 

ab
ou

t i
de

nti
fy

-
in

g,
 d

es
cr

ib
in

g,
 re

pr
es

en
tin

g,
 a

nd
 

re
co

gn
isi

ng
 re

la
tio

ns
 a

nd
 fu

nc
tio

ns
 

fro
m

 s
ch

em
ati

c 
de

sc
rip

tio
ns

, a
rro

w
 

di
ag

ra
m

s, 
an

d 
C

ar
te

sia
n 

di
ag

ra
m

s.

Ra
te

s o
f C

ha
ng

e 
St

ud
en

ts
 le

ar
n 

fu
rt

he
r a

bo
ut

 c
on

-
st

an
t a

nd
 v

ar
ia

bl
e 

ra
te

s 
of

 c
ha

ng
e;

 
ge

ne
ra

lis
in

g 
fe

at
ur

es
 o

f g
ra

ph
s 

as
so

ci
at

ed
 w

ith
 e

ac
h 

ty
pe

 o
f r

at
es

 
of

 c
ha

ng
e;

 a
lg

eb
ra

ic
al

ly
 re

pr
es

en
t-

in
g 

ra
te

s 
of

 c
ha

ng
e 

an
d 

pr
ob

le
m

 
co

nt
ex

ts
; a

nd
 id

en
tif

yi
ng

 re
al

-li
fe

 
ex

am
pl

es
 o

f e
ac

h 
ty

pe
.

N
um

be
r S

eq
ue

nc
es

 
St

ud
en

t l
ea

rn
 a

bo
ut

 g
en

er
ati

ng
 n

um
-

be
r s

eq
ue

nc
es

 fr
om

 re
al

 li
fe

 a
nd

 fo
r-

m
ul

ati
ng

 g
en

er
al

 te
rm

s; 
id

en
tif

yi
ng

 
ar

ith
m

eti
c 

an
d 

ge
om

et
ric

 s
eq

ue
nc

es
; 

an
d 

pr
ed

ic
tin

g 
re

qu
ire

d 
te

rm
s 

an
d 

gr
ap

h 
ty

pe
 o

f s
eq

ue
nc

es
.

Re
la

tio
ns

 a
nd

 F
un

cti
on

s
St

ud
en

ts
 le

ar
n 

ab
ou

t i
de

nti
fy

in
g 

an
d 

di
sti

ng
ui

sh
in

g 
be

tw
ee

n 
re

la
tio

ns
 a

nd
 

fu
nc

tio
ns

; c
on

so
lid

ati
ng

 c
on

ne
cti

on
s 

be
tw

ee
n 

fu
nc

tio
n 

eq
ua

tio
ns

, g
ra

ph
 

fe
at

ur
es

 a
nd

 ra
te

s 
of

 c
ha

ng
e;

 a
nd

 
us

in
g 

va
rio

us
 n

ot
ati

on
s 

to
 re

pr
es

en
t 

do
m

ai
ns

, r
an

ge
s, 

an
d 

fu
nc

tio
ns

.

Ca
lc

ul
us

St
ud

en
ts

 le
ar

n 
ab

ou
t i

nf
or

m
ati

on
 a

bo
ut

 
ra

te
s 

pr
es

en
te

d 
in

 a
 v

ar
ie

ty
 o

f w
ay

s, 
fo

r 
ex

am
pl

e,
 g

ra
ph

ic
al

ly
, n

um
er

ic
al

ly
, o

r i
n 

ta
bl

es
; u

se
 te

ch
ni

qu
es

 s
uc

h 
as

 g
ra

ph
-

in
g 

an
d 

av
er

ag
in

g 
to

 e
xp

lo
re

 ra
te

s 
an

d 
ra

te
s 

of
 c

ha
ng

e.
 F

or
 e

xa
m

pl
e,

 ta
x 

ra
te

s, 
po

llu
tio

n 
ra

te
s 

m
ea

su
re

d 
in

 p
ar

ts
 p

er
 

m
ill

io
n,

 a
cc

el
er

ati
on

, i
nfl

ati
on

, s
to

ck
in

g 
ra

te
s, 

an
d 

un
it 

pr
ic

in
g;

 le
ar

n 
ab

ou
t t

he
 

re
la

tio
ns

hi
p 

be
tw

ee
n 

th
e 

gr
ad

ie
nt

 o
f a

 
gr

ap
h 

an
d 

th
e 

ra
te

 o
f c

ha
ng

e;
 in

fo
rm

a-
tio

n 
ab

ou
t r

at
es

 p
re

se
nt

ed
 in

 a
 v

ar
ie

ty
 

of
 w

ay
s, 

fo
r e

xa
m

pl
e,

 g
ra

ph
ic

al
ly

, o
r i

n 
ta

bl
es

; i
nt

ro
du

ce
 th

e 
ba

sic
 id

ea
 o

f l
im

its
 

(e
la

bo
ra

tin
g 

fr
om

 o
th

er
 fu

nc
tio

ns
); 

lim
its

 w
ith

 re
sp

ec
t t

o 
de

riv
ati

ve
s;

 a
re

as
 

un
de

r t
he

 c
ur

ve
 s

ta
rti

ng
 w

ith
 li

ne
ar

 
fu

nc
tio

ns
 (a

pp
ly

 tr
ig

on
om

et
ry

); 
in

tr
o-

du
ce

 c
on

ce
pt

 o
f i

nt
eg

ra
tio

n 
em

ph
as

iz-
in

g 
its

 u
se

 fo
r a

re
as

 u
nd

er
 th

e 
cu

rv
e 

(s
im

pl
e)

; a
nd

 s
ol

ve
 a

ut
he

nti
c 

re
al

-li
fe

 
pr

ob
le

m
s 

in
vo

lv
in

g 
co

m
pl

ex
 c

om
bi

-
na

tio
ns

 a
nd

 a
pp

lic
ati

on
s 

of
 ra

te
s 

of
 

ch
an

ge
, d

er
iv

ati
ve

s 
an

d 
in

te
gr

al
s.

Ca
lc

ul
us

St
ud

en
ts

 le
ar

n 
ab

ou
t t

he
 re

la
tio

ns
hi

p 
be

tw
ee

n 
th

e 
gr

ad
ie

nt
 o

f a
 g

ra
ph

 a
nd

 
th

e 
ra

te
 o

f c
ha

ng
e,

 a
nd

 in
te

rp
re

tin
g 

th
is 

in
 c

on
te

xt
, u

sin
g 

te
ch

no
lo

gy
 w

he
re

 
ap

pr
op

ria
te

; a
 s

tr
ai

gh
t-

lin
e 

gr
ap

h,
 e

x-
pl

ai
ni

ng
 w

ha
t t

he
 s

lo
pe

s 
re

pr
es

en
t i

n 
a 

gi
ve

n 
co

nt
ex

t, 
an

d 
su

gg
es

t r
ea

so
ns

 fo
r 

ch
an

ge
s 

in
 s

lo
pe

s.
In

te
gr

ati
on

, i
nc

lu
di

ng
 it

s 
us

e 
in

 fi
nd

in
g 

ar
ea

s 
un

de
r p

ol
yn

om
ia

l c
ur

ve
s.

Ap
pl

ic
ati

on
s 

of
 d

iff
er

en
tia

tio
n,

 in
cl

ud
in

g 
m

ax
im

a,
 m

in
im

a,
 v

el
oc

ity
 a

nd
 a

cc
el

er
a-

tio
n.

Th
e 

fir
st

 p
rin

ci
pl

es
 m

et
ho

d.
Fu

rt
he

r i
nf

or
m

ati
on

 to
 e

va
lu

ati
ng

 c
on

-
st

an
t o

f i
nt

eg
ra

tio
n.

2nd
 d

er
iv

ati
ve

s 
an

d 
eff

ec
ts

 o
n 

gr
ap

hs
.

Ap
pl

ic
ati

on
 p

ro
bl

em
s 

in
vo

lv
in

g 
ki

ne
m

at
-

ic
s 

an
d 

ra
te

s 
of

 c
ha

ng
e 

w
ith

 re
sp

ec
t t

o 
tim

e.
So

lv
e 

au
th

en
tic

 re
al

-li
fe

 p
ro

bl
em

s 
in

vo
lv

in
g 

co
m

pl
ex

 c
om

bi
na

tio
ns

 a
nd

 a
p-

pl
ic

ati
on

s 
of

 ra
te

s 
of

 c
ha

ng
e,

 d
er

iv
ati

ve
s 

an
d 

in
te

gr
al

s. 



102

TI
ER

 2
M

A
JO

R 
LE

A
RN

IN
G

 O
U

TC
O

M
ES

 –
 T

IE
R 

1 
– 

ST
RA

N
D

 7
  

RA
TE

S 
O

F 
CH

A
N

G
E 

&
 M

O
D

EL
LI

N
G

 F
U

N
CT

IO
N

S
YE

A
R 

10
G

en
er

al
 M

at
he

m
eti

cs
YE

A
R 

11
G

en
er

al
 M

at
he

m
eti

cs
YE

A
R 

12
G

en
er

al
 M

at
he

m
eti

cs

Ra
te

s o
f C

ha
ng

e 
St

ud
en

ts
 le

ar
n 

ab
ou

t c
ha

ng
e,

 fo
r e

xa
m

pl
e,

 
gr

ow
th

, t
em

pe
ra

tu
re

, h
ea

rt
be

at
s; 

ex
pl

or
e 

an
d 

co
m

pa
re

 1
st

 d
iff

er
en

ce
 a

nd
 2

nd
 d

iff
er

en
ce

 
nu

m
er

ic
al

 p
att

er
ns

; l
ea

rn
 a

bo
ut

 ra
te

s 
of

 c
ha

ng
e 

on
 a

 c
ur

ve
 a

t d
iff

er
en

t p
oi

nt
s 

(m
od

el
 to

 a
 re

al
 li

fe
 

sit
ua

tio
n 

– 
hi

ki
ng

); 
an

d 
so

lv
e 

au
th

en
tic

 re
al

-li
fe

 
pr

ob
le

m
s 

in
vo

lv
in

g 
sim

pl
e 

co
m

bi
na

tio
ns

 a
nd

 
ap

pl
ic

ati
on

s 
of

 ra
te

s 
of

 c
ha

ng
e.

 

M
od

el
lin

g 
Fu

nc
tio

ns
St

ud
en

ts
 le

ar
n 

ab
ou

t i
nf

or
m

ati
on

 a
bo

ut
 ra

te
s 

pr
e-

se
nt

ed
 g

ra
ph

ic
al

ly
 a

nd
 n

um
er

ic
al

ly
; u

se
 te

ch
ni

qu
es

 
su

ch
 a

s 
gr

ap
hi

ng
 a

nd
 a

ve
ra

gi
ng

 to
 e

xp
lo

re
 a

 v
ar

ie
ty

 o
f 

ra
te

s 
an

d 
ra

te
s 

of
 c

ha
ng

e 
(su

ch
 a

s 
ta

x 
ra

te
s, 

po
llu

tio
n 

ra
te

s, 
 in

fla
tio

n 
ra

te
s, 

an
d 

un
it 

pr
ic

in
g)

; l
ea

rn
 a

bo
ut

 
th

e 
re

la
tio

ns
hi

p 
be

tw
ee

n 
th

e 
gr

ad
ie

nt
 o

f a
 g

ra
ph

 a
nd

 
th

e 
ra

te
 o

f c
ha

ng
e;

 d
er

iv
e 

eq
ua

tio
ns

 to
 re

pr
es

en
t 

nu
m

er
ic

al
 p

att
er

ns
 o

f 1
st

 an
d 

2nd
 d

iff
er

en
ce

s 
an

d/
or

 
co

m
m

on
 ra

tio
s 

to
 d

et
er

m
in

e 
m

od
el

lin
g 

fu
nc

tio
ns

 fo
r 

sim
pl

e 
au

th
en

tic
 re

al
-li

fe
 s

itu
ati

on
s 

in
vo

lv
in

g 
va

rio
us

 
co

m
bi

na
tio

ns
 a

nd
 a

pp
lic

ati
on

s 
of

 ra
te

s 
of

 c
ha

ng
e 

an
d 

gr
ow

th

M
od

el
lin

g 
Fu

nc
tio

ns
St

ud
en

ts
 le

ar
n 

ab
ou

t t
he

 re
la

tio
ns

hi
p 

be
tw

ee
n 

th
e 

gr
ad

ie
nt

 o
f a

 g
ra

ph
 a

nd
 th

e 
ra

te
 o

f c
ha

ng
e,

 a
nd

 in
te

r-
pr

eti
ng

 th
is 

in
 c

on
te

xt
, u

sin
g 

te
ch

no
lo

gy
 w

he
re

 a
pp

ro
-

pr
ia

te
; i

nt
er

pr
et

 a
 s

tr
ai

gh
t-

lin
e 

gr
ap

h,
 le

ar
n 

ab
ou

t w
ha

t 
th

e 
slo

pe
s 

re
pr

es
en

t i
n 

a 
gi

ve
n 

co
nt

ex
t, 

an
d 

re
as

on
s 

fo
r c

ha
ng

es
 in

 s
lo

pe
s; 

eq
ua

tio
ns

 to
 re

pr
es

en
t n

um
er

i-
ca

l p
att

er
ns

 o
f 1

st
 a

nd
 2

nd
 d

iff
er

en
ce

s 
an

d/
or

 c
om

m
on

 
ra

tio
s 

to
 d

et
er

m
in

e 
m

od
el

lin
g 

fu
nc

tio
ns

 fo
r a

 v
ar

ie
ty

 
of

 c
om

pl
ex

 a
ut

he
nti

c 
re

al
-li

fe
 s

itu
ati

on
s 

in
vo

lv
in

g 
co

m
-

pl
ex

 c
om

bi
na

tio
ns

 a
nd

 a
pp

lic
ati

on
s 

of
 ra

te
s 

of
 c

ha
ng

e 
an

d 
gr

ow
th

. 



103

TI
ER

 3
SP

EC
IF

IC
 L

EA
RN

IN
G

 O
U

TC
O

M
ES

 –
 T

IE
R 

3 
– 

ST
RA

N
D

 7
  

RA
TE

S 
O

F 
CH

A
N

G
E 

&
 C

A
LC

U
LU

S
YE

A
R 

9
M

at
he

m
eti

cs
YE

A
R 

10
M

at
he

m
eti

cs
YE

A
R 

11
M

at
he

m
eti

cs
YE

A
R 

12
M

at
he

m
eti

cs

Ra
te

s o
f C

ha
ng

e 
St

ud
en

ts
 a

re
 a

bl
e 

to
: 

1.
 

In
te

rp
re

t a
nd

 u
se

 g
ra

ph
s 

an
d 

ta
bl

es
 o

n 
sp

ee
d,

 tr
av

el
, 

co
nv

er
sio

ns
 b

et
w

ee
n 

m
ea

-
su

re
m

en
t u

ni
ts

, a
nd

 fo
re

ig
n 

ex
ch

an
ge

 to
 so

lv
e 

pr
ob

le
m

s 
on

 ra
te

s o
f c

ha
ng

e 
be

tw
ee

n 
tw

o 
qu

an
titi

es
.

2.
 

Id
en

tif
y 

re
al

-li
fe

 e
xa

m
pl

es
 

th
at

 il
lu

st
ra

te
 c

on
st

an
t a

nd
 

va
ria

bl
e 

ra
te

s 
of

 c
ha

ng
e.

 
3.

 
Co

m
pa

re
 a

nd
 c

on
tr

as
t 

gr
ap

hs
 a

nd
 ta

bl
es

 o
f v

al
ue

s, 
th

en
 q

ua
lit

ati
ve

ly
 d

es
cr

ib
e 

th
e 

be
ha

vi
ou

r o
f f

un
cti

on
 

va
lu

es
 a

s; 
‘in

cr
ea

sin
g 

or
 

de
cr

ea
sin

g’
 a

t a
 ‘c

on
st

an
t, 

in
-

cr
ea

sin
g 

or
 d

ec
re

as
in

g’
 ra

te
, 

as
 x

 in
cr

ea
se

s.
4.

 
U

se
 n

um
be

r p
att

er
ns

 o
f r

at
es

 
of

 c
ha

ng
e 

to
 d

et
er

m
in

e 
an

 
eq

ua
tio

n 
to

 re
pr

es
en

t t
he

 
re

al
-li

fe
 s

itu
ati

on
.

5.
 

Ap
pl

y 
th

e 
re

la
tio

ns
hi

ps
 

be
tw

ee
n 

ra
te

s 
of

 c
ha

ng
e,

 
gr

ad
ie

nt
s, 

an
d 

fe
at

ur
es

 o
f 

gr
ap

hs
 to

 d
et

er
m

in
e 

a 
su

it-
ab

le
 m

od
el

lin
g 

fu
nc

tio
n.

 
6.

 
So

lv
e 

ap
pl

ic
ati

on
 p

ro
bl

em
s 

ra
te

s 
fro

m
 o

th
er

 s
tr

an
ds

 o
r 

su
bj

ec
ts

.

Ra
te

s o
f C

ha
ng

e 
St

ud
en

ts
 a

re
 a

bl
e 

to
: 

1.
 

G
en

er
at

e 
a 

ta
bl

e 
of

 v
al

ue
s, 

de
-

te
rm

in
e 

an
d 

de
sc

rib
e 

th
e 

co
n-

ne
cti

on
 b

et
w

ee
n 

th
e 

nu
m

be
r 

pa
tte

rn
 o

f t
he

 ra
te

s 
of

 c
ha

ng
e 

(R
O

C
) o

f l
in

ea
r r

el
ati

on
sh

ip
s 

an
d 

th
e 

te
rm

s 
of

 th
e 

eq
ua

tio
n 

of
 th

e 
lin

ea
r r

el
ati

on
sh

ip
.

2.
 

G
en

er
al

ize
 a

nd
 d

es
cr

ib
e 

th
e 

co
nn

ec
tio

n 
be

tw
ee

n 
po

siti
ve

 
an

d 
ne

ga
tiv

e 
ra

te
s 

of
 c

ha
ng

e,
 

gr
ad

ie
nt

s, 
as

so
ci

at
ed

 g
ra

ph
ic

al
 

fe
at

ur
es

, a
nd

 te
rm

s 
of

 th
e 

eq
ua

-
tio

n 
of

 th
e 

lin
ea

r r
el

ati
on

sh
ip

.
3.

 
D

et
er

m
in

e 
an

 e
qu

ati
on

 to
 re

p-
re

se
nt

 th
e 

lin
ea

r r
at

es
 o

f c
ha

ng
e 

(R
O

C
) o

f l
in

ea
r r

el
ati

on
sh

ip
s.

4.
 

G
en

er
at

e 
a 

ta
bl

e 
of

 v
al

ue
s 

an
d 

ex
pl

or
e 

th
e 

co
nn

ec
tio

n 
be

tw
ee

n 
th

e 
va

ria
bl

e 
ra

te
s 

of
 

ch
an

ge
 (R

O
C

) a
nd

 th
e 

eq
ua

tio
n 

of
 a

 s
im

pl
e 

qu
ad

ra
tic

 re
la

tio
n-

sh
ip

  
(y

 =
 a

x2 , y
 =

 a
x2 + 

c)
.

5.
 

G
en

er
al

ize
 a

nd
 d

es
cr

ib
e 

th
e 

co
nn

ec
tio

n 
be

tw
ee

n 
va

ria
bl

e 
ra

te
s 

of
 c

ha
ng

e 
(R

O
C

), 
gr

ap
h-

ic
al

 fe
at

ur
es

, a
nd

 te
rm

s 
of

 
th

e 
eq

ua
tio

n 
of

 th
e 

qu
ad

ra
tic

 
re

la
tio

ns
hi

p.

Ca
lc

ul
us

St
ud

en
ts

 a
re

 a
bl

e 
to

:
1.

 
In

te
rp

re
t a

nd
 u

se
 in

fo
rm

ati
on

 a
bo

ut
 

ra
te

s 
pr

es
en

te
d 

in
 a

 v
ar

ie
ty

 o
f w

ay
s, 

fo
r e

xa
m

pl
e,

 g
ra

ph
ic

al
ly

, n
um

er
ic

al
ly

, 
or

 in
 ta

bl
es

.
2.

 
U

se
 te

ch
ni

qu
es

 s
uc

h 
as

 g
ra

ph
in

g 
an

d 
av

er
ag

in
g 

to
 e

xp
lo

re
 ra

te
s 

an
d 

ra
te

s 
of

 c
ha

ng
e.

 F
or

 e
xa

m
pl

e,
 ta

x 
ra

te
s, 

po
llu

tio
n 

ra
te

s 
m

ea
su

re
d 

in
 p

ar
ts

 p
er

 
m

ill
io

n,
 a

cc
el

er
ati

on
, i

nfl
ati

on
, s

to
ck

-
in

g 
ra

te
s, 

an
d 

un
it 

pr
ic

in
g.

3.
 

Ex
pl

ai
n 

th
e 

re
la

tio
ns

hi
p 

be
tw

ee
n 

th
e 

gr
ad

ie
nt

 o
f a

 g
ra

ph
 a

nd
 th

e 
ra

te
 o

f 
ch

an
ge

.
4.

 
In

te
rp

re
t a

nd
 u

se
 in

fo
rm

ati
on

 a
bo

ut
 

ra
te

s 
pr

es
en

te
d 

in
 a

 v
ar

ie
ty

 o
f w

ay
s, 

fo
r e

xa
m

pl
e,

 g
ra

ph
ic

al
ly

, o
r i

n 
ta

bl
es

; 
in

tr
od

uc
e 

th
e 

ba
sic

 id
ea

 o
f l

im
its

 
(e

la
bo

ra
tin

g 
fr

om
 o

th
er

 fu
nc

tio
ns

).
5.

 
Ex

pl
or

e 
lim

its
 w

ith
 re

sp
ec

t t
o 

de
riv

a-
tiv

es
.

6.
 

Ex
pl

or
e 

ar
ea

s 
un

de
r t

he
 c

ur
ve

 s
ta

rti
ng

 
w

ith
 li

ne
ar

 fu
nc

tio
ns

 (a
pp

ly
 tr

ig
on

om
-

et
ry

).
7.

 
In

tr
od

uc
e 

co
nc

ep
t o

f i
nt

eg
ra

tio
n 

em
-

ph
as

iz
in

g 
its

 u
se

 fo
r a

re
as

 u
nd

er
 th

e 
cu

rv
e 

(s
im

pl
e)

.
8.

 
So

lv
e 

au
th

en
tic

 re
al

-li
fe

 p
ro

bl
em

s 
in

vo
lv

in
g 

co
m

pl
ex

 c
om

bi
na

tio
ns

 a
nd

 
ap

pl
ic

ati
on

s 
of

 ra
te

s 
of

 c
ha

ng
e,

 d
er

iv
-

ati
ve

s 
an

d 
in

te
gr

al
s. 

Ca
lc

ul
us

St
ud

en
ts

 a
re

 a
bl

e 
to

:
1.

 
Es

ta
bl

ish
 th

e 
re

la
tio

ns
hi

p 
be

tw
ee

n 
th

e 
gr

ad
ie

nt
 o

f a
 g

ra
ph

 a
nd

 th
e 

ra
te

 
of

 c
ha

ng
e.

2.
 

In
te

rp
re

t t
hi

s 
in

 c
on

te
xt

, u
sin

g 
te

ch
-

no
lo

gy
 w

he
re

 a
pp

ro
pr

ia
te

.
3.

 
In

te
rp

re
t a

 s
tr

ai
gh

t-
lin

e 
gr

ap
h,

 
ex

pl
ai

ni
ng

 w
ha

t t
he

 s
lo

pe
s 

re
pr

e-
se

nt
 in

 a
 g

iv
en

 c
on

te
xt

, a
nd

 s
ug

ge
st

 
re

as
on

s 
fo

r c
ha

ng
es

 in
 s

lo
pe

s.
4.

 
Ap

pl
y 

in
te

gr
ati

on
, i

nc
lu

di
ng

 it
s 

us
e 

in
 fi

nd
in

g 
ar

ea
s 

un
de

r p
ol

yn
om

ia
l 

cu
rv

es
.

5.
 

D
isc

us
s 

ap
pl

ic
ati

on
s 

of
 d

iff
er

en
ti-

ati
on

, i
nc

lu
di

ng
 m

ax
im

a,
 m

in
im

a,
 

ve
lo

ci
ty

 a
nd

 a
cc

el
er

ati
on

.
6.

 
Ex

pl
or

e 
th

e 
fir

st
 p

rin
ci

pl
es

 m
et

ho
d;

 
Fu

rt
he

r i
nf

or
m

ati
on

 to
 e

va
lu

ati
ng

 
co

ns
ta

nt
 o

f i
nt

eg
ra

tio
n.

7.
 

Ex
pl

or
e 

2nd
 d

er
iv

ati
ve

s 
an

d 
eff

ec
ts

 
on

 g
ra

ph
s.

8.
 

Ap
pl

y 
pr

ob
le

m
s 

in
vo

lv
in

g 
ki

ne
m

at
-

ic
s 

an
d 

ra
te

s 
of

 c
ha

ng
e 

w
ith

 re
sp

ec
t 

to
 ti

m
e.

9.
 

So
lv

e 
au

th
en

tic
 re

al
-li

fe
 p

ro
bl

em
s 

in
vo

lv
in

g 
co

m
pl

ex
 c

om
bi

na
tio

ns
 

an
d 

ap
pl

ic
ati

on
s 

of
 ra

te
s 

of
 c

ha
ng

e,
 

de
riv

ati
ve

s 
an

d 
in

te
gr

al
s. 



104

TI
ER

 3
SP

EC
IF

IC
 L

EA
RN

IN
G

 O
U

TC
O

M
ES

 –
 T

IE
R 

3 
– 

ST
RA

N
D

 7
 - 

co
nti

nu
ed

 

RA
TE

S 
O

F 
CH

A
N

G
E 

&
 C

A
LC

U
LU

S
YE

A
R 

9
M

at
he

m
eti

cs
YE

A
R 

10
M

at
he

m
eti

cs
YE

A
R 

11
YE

A
R 

12

N
um

be
r S

eq
ue

nc
es

St
ud

en
ts

 a
re

 a
bl

e 
to

:
1.

 
Id

en
tif

y 
re

al
-li

fe
 e

xa
m

pl
es

 o
f n

um
be

r s
eq

ue
nc

es
.

2.
 

G
en

er
at

e 
a 

va
rie

ty
 o

f n
um

be
r s

eq
ue

nc
es

 th
at

 in
cr

ea
se

 o
r 

de
cr

ea
se

 a
nd

 re
co

rd
 th

em
 in

 m
or

e 
th

an
 o

ne
 w

ay
.

3.
 

Re
pr

es
en

t a
nd

 a
pp

ly
 p

att
er

ns
 a

nd
 re

la
tio

ns
hi

ps
 in

 a
lg

eb
ra

ic
 

fo
rm

.
4.

 
Ex

pl
ai

n 
w

hy
 a

 p
ar

tic
ul

ar
 re

la
tio

ns
hi

p 
or

 ru
le

 fo
r a

 g
iv

en
 n

um
be

r 
se

qu
en

ce
 is

 b
ett

er
 th

an
 a

no
th

er
.

5.
 

D
ed

uc
e 

th
e 

ge
ne

ra
l t

er
m

 o
f a

 s
eq

ue
nc

e 
as

 th
e 

m
at

he
m

ati
ca

l 
ex

pr
es

sio
n 

th
at

 re
la

te
s 

th
e 

po
siti

on
 th

at
 a

 te
rm

 o
cc

up
ie

s 
in

 th
e 

se
qu

en
ce

 w
ith

 it
s v

al
ue

.
6.

 
D

es
cr

ib
e 

in
 w

or
ds

 a
nd

 re
pr

es
en

t a
lg

eb
ra

ic
al

ly
 th

e 
ge

ne
ra

l 
pa

tte
rn

 o
f t

er
m

s 
us

in
g 

th
e 

pa
tte

rn
 o

f t
he

 ra
te

s 
of

 c
ha

ng
e 

of
 a

 
nu

m
be

r s
eq

ue
nc

e.
7.

 
Pr

ed
ic

t a
nd

 g
en

er
at

e 
th

e 
re

qu
ire

d 
te

rm
s 

of
 a

 n
um

be
r s

e-
qu

en
ce

.
8.

 
D

isti
ng

ui
sh

 b
et

w
ee

n 
gr

ap
hs

 th
at

 re
pr

es
en

t a
n 

in
cr

ea
sin

g 
nu

m
-

be
r s

eq
ue

nc
e 

an
d 

th
os

e 
th

at
 re

pr
es

en
t a

 d
ec

re
as

in
g 

nu
m

be
r 

pa
tte

rn
. 

9.
 

So
lv

e 
pr

ac
tic

al
 p

ro
bl

em
s 

on
 n

um
be

r s
eq

ue
nc

es
 a

nd
 ra

te
s 

of
 

ch
an

ge
.

Re
la

tio
ns

 a
nd

 F
un

cti
on

s
St

ud
en

ts
 a

re
 a

bl
e 

to
:

1.
 

D
efi

ne
 a

 re
la

tio
n 

an
d 

pr
ov

id
e 

ex
am

pl
es

.
2.

 
Co

m
pa

re
 a

nd
 d

isti
ng

ui
sh

 b
et

w
ee

n 
th

e 
di

ffe
re

nt
 ty

pe
s 

of
 re

la
-

tio
ns

 u
sin

g 
ar

ro
w

 d
ia

gr
am

s 
an

d 
se

ts
 o

f o
rd

er
ed

 p
ai

rs
.

3.
 

D
es

cr
ib

e 
an

d 
re

pr
es

en
t u

sin
g 

a 
di

ag
ra

m
 a

nd
 g

ra
ph

 h
ow

 tw
o 

se
ts

 o
f n

um
be

rs
 a

re
 re

la
te

d 
to

 e
ac

h 
ot

he
r.

4.
 

D
efi

ne
 a

 fu
nc

tio
n 

an
d 

pr
ov

id
e 

ex
am

pl
es

.
5.

 
D

isc
us

s 
fo

ur
 d

iff
er

en
t r

ep
re

se
nt

ati
on

s 
of

 a
 fu

nc
tio

n 
w

ith
 e

x-
am

pl
es

 o
f e

ac
h 

ty
pe

.
6.

 
D

em
on

st
ra

te
 th

e 
di

ffe
re

nt
 w

ay
s 

re
la

tio
ns

 c
an

 b
e 

di
sp

la
ye

d.

6.
 

D
et

er
m

in
e 

an
 e

qu
ati

on
 to

 re
pr

es
en

t t
he

 v
ar

ia
bl

e 
ra

te
s 

of
 c

ha
ng

e 
(R

O
C

) o
f q

ua
dr

ati
c 

re
la

tio
ns

hi
ps

.
7.

 
G

en
er

at
e 

a 
ta

bl
e 

of
 v

al
ue

s 
an

d 
ex

pl
or

e 
th

e 
co

nn
ec

tio
n 

be
tw

ee
n 

th
e 

va
ria

bl
e 

ra
te

s 
of

 c
ha

ng
e 

(R
O

C
) a

nd
 th

e 
eq

ua
tio

n 
of

 a
 s

im
pl

e 
cu

bi
c 

re
la

tio
ns

hi
p 

(y
 =

 a
x3 , y

 =
 a

x3 + 
c)

.
8.

 
G

en
er

al
ize

 a
nd

 d
es

cr
ib

e 
th

e 
co

nn
ec

tio
n 

be
tw

ee
n 

va
ria

bl
e 

ra
te

s 
of

 
ch

an
ge

 (R
O

C
), 

gr
ap

hi
ca

l f
ea

tu
re

s, 
an

d 
te

rm
s 

of
 th

e 
eq

ua
tio

n 
of

 th
e 

cu
bi

c 
re

la
tio

ns
hi

p.
9.

 
D

et
er

m
in

e 
an

 e
qu

ati
on

 to
 re

pr
es

en
t t

he
 v

ar
ia

bl
e 

ra
te

s 
of

 c
ha

ng
e 

(R
O

C
) o

f s
im

pl
e 

cu
bi

c 
re

la
tio

ns
hi

ps
.

10
. 

An
al

yz
e 

th
e 

th
re

e 
di

ffe
re

nt
 fu

nc
tio

n 
ty

pe
s, 

eq
ua

tio
ns

, r
es

pe
cti

ve
 

RO
C

 e
qu

ati
on

s, 
an

d 
gr

ap
hs

 to
 d

es
cr

ib
e 

an
d 

ge
ne

ra
liz

e 
th

e 
re

la
tio

n-
sh

ip
 b

et
w

ee
n 

th
e 

RO
C

 e
qu

ati
on

 a
nd

 m
od

el
lin

g 
eq

ua
tio

ns
 o

f t
he

 
ta

bl
e 

of
 v

al
ue

s. 
11

. 
Ex

pl
or

e 
th

e 
re

la
tio

ns
hi

p 
be

tw
ee

n 
th

e 
ar

ea
s 

un
de

r t
he

 g
ra

ph
 

(y
=A

(x
))

 o
f a

 li
ne

ar
 re

la
tio

ns
hi

p 
ov

er
 a

n 
in

te
rv

al
 fr

om
 x

=a
 to

 x
=b

, 
nu

m
be

r p
att

er
n 

of
 th

e 
ra

te
s 

of
 c

ha
ng

e,
 a

nd
 e

qu
ati

on
 o

f t
he

 li
ne

ar
 

re
la

tio
ns

hi
p 

(y
 =

 f(
x)

).
12

. 
G

en
er

al
ize

 a
nd

 d
es

cr
ib

e 
th

e 
re

la
tio

ns
hi

p 
be

tw
ee

n 
th

e 
ar

ea
 u

nd
er

 a
 

gr
ap

h 
(y

=A
(x

))
 o

f a
 li

ne
ar

 re
la

tio
ns

hi
p 

an
d 

th
e 

x-
ax

is 
ov

er
 th

e 
in

te
r-

va
l [

a,
 b

] a
nd

 e
qu

ati
on

 o
f t

he
 li

ne
ar

 re
la

tio
ns

hi
p 

(y
 =

 f(
x)

).
13

. 
Ex

pl
or

e 
th

e 
re

la
tio

ns
hi

p 
be

tw
ee

n 
es

tim
at

es
 o

f a
re

as
 u

nd
er

 th
e 

cu
rv

e 
(y

=A
(x

))
, u

sin
g 

n 
re

ct
an

gl
es

, o
f a

 q
ua

dr
ati

c 
re

la
tio

ns
hi

p 
ov

er
 

an
 in

te
rv

al
 fr

om
 x

=a
 to

 x
=b

, w
ith

 n
-s

ub
in

te
rv

al
s, 

an
d 

eq
ua

tio
n 

of
 

qu
ad

ra
tic

 re
la

tio
ns

hi
p 

(y
 =

 f(
x)

).
14

. 
G

en
er

al
ize

 a
nd

 d
es

cr
ib

e 
th

e 
re

la
tio

ns
hi

p 
be

tw
ee

n 
th

e 
es

tim
at

es
 o

f 
ar

ea
 u

nd
er

 a
 p

ar
ab

ol
a 

(y
=A

(x
))

 a
nd

 th
e 

x-
ax

is 
ov

er
 th

e 
in

te
rv

al
 [a

, 
b]

, a
nd

 q
ua

dr
ati

c 
eq

ua
tio

n.
15

. 
M

ak
e 

pr
ed

ic
tio

ns
 a

bo
ut

 th
e 

va
lu

es
 o

f A
(x

) a
s 

n 
su

b-
in

te
rv

al
s 

in
-

cr
ea

se
s 

fo
r e

ac
h 

fu
nc

tio
n 

ty
pe

 a
nd

 p
ro

vi
de

 re
as

on
s.

16
. 

An
al

yz
e 

th
e 

tw
o 

di
ffe

re
nt

 fu
nc

tio
n 

ty
pe

s 
(li

ne
ar

 a
nd

 q
ua

dr
ati

c)
, r

e-
sp

ec
tiv

e 
A(

x)
 e

qu
ati

on
s, 

an
d 

gr
ap

hs
 to

 d
es

cr
ib

e 
an

d 
ge

ne
ra

lis
e 

th
e 

re
la

tio
ns

hi
p 

be
tw

ee
n 

th
e 

A(
x)

 e
qu

ati
on

 a
nd

 m
od

el
lin

g 
eq

ua
tio

ns
 o

f 
th

e 
ta

bl
e 

of
 v

al
ue

s. 

--
--

--
--

--
--

--
--



105

YE
A

R 
9

M
at

he
m

eti
cs

YE
A

R 
10

M
at

he
m

eti
cs

YE
A

R 
11

YE
A

R 
12

7.
 

Ex
pl

ai
n 

ho
w

 n
um

be
r p

att
er

ns
 re

la
te

 to
 fu

nc
tio

ns
.

8.
 

D
es

cr
ib

e 
an

d 
re

pr
es

en
t a

lg
eb

ra
ic

al
ly

 m
at

he
m

ati
ca

l p
att

er
ns

 
us

in
g 

fu
nc

tio
n 

no
ta

tio
n.

  
9.

 
Id

en
tif

y 
th

e 
do

m
ai

n 
an

d 
ra

ng
e 

of
 a

 fu
nc

tio
n.

10
. 

Re
pr

es
en

t f
un

cti
on

s 
us

in
g 

di
ag

ra
m

s, 
se

ts
 o

f o
rd

er
ed

 p
ai

rs
, 

eq
ua

tio
ns

, a
nd

 g
ra

ph
s.

11
. 

U
se

 a
 v

ar
ie

ty
 o

f n
ot

ati
on

s 
to

 a
lg

eb
ra

ic
al

ly
 re

pr
es

en
t f

un
cti

on
s. 

12
. 

D
et

er
m

in
e 

w
he

th
er

 a
 re

la
tio

n 
is 

a 
fu

nc
tio

n 
fro

m
 a

 d
ia

gr
am

, 
ta

bl
e,

 a
nd

 a
 s

et
 o

f o
rd

er
ed

 p
ai

rs
.

13
. 

D
et

er
m

in
e 

w
he

th
er

 a
 re

la
tio

n 
is 

a 
fu

nc
tio

n 
fro

m
 it

s 
sc

he
m

ati
c 

de
sc

rip
tio

ns
 o

r e
qu

ati
on

.
14

. 
D

es
cr

ib
e 

an
d 

lis
t d

om
ai

ns
 a

nd
 ra

ng
es

 o
f f

un
cti

on
s 

gi
ve

n 
as

 
se

ts
 o

f o
rd

er
ed

 p
ai

rs
 o

r g
ra

ph
s.

15
. 

D
et

er
m

in
e 

eq
ua

tio
ns

 th
at

 c
an

 b
e 

de
fin

ed
 a

s 
fu

nc
tio

ns
.

15
. 

M
ak

e 
pr

ed
ic

tio
ns

 a
bo

ut
 th

e 
va

lu
es

 o
f A

(x
) a

s 
n 

su
b-

in
te

rv
al

s 
in

-
cr

ea
se

s 
fo

r e
ac

h 
fu

nc
tio

n 
ty

pe
 a

nd
 p

ro
vi

de
 re

as
on

s.
15

. 
An

al
yz

e 
th

e 
tw

o 
di

ffe
re

nt
 fu

nc
tio

n 
ty

pe
s 

(li
ne

ar
 a

nd
 q

ua
dr

ati
c)

, r
e-

sp
ec

tiv
e 

A(
x)

 e
qu

ati
on

s, 
an

d 
gr

ap
hs

 to
 d

es
cr

ib
e 

an
d 

ge
ne

ra
lis

e 
th

e 
re

la
tio

ns
hi

p 
be

tw
ee

n 
th

e 
A(

x)
 e

qu
ati

on
 a

nd
 m

od
el

lin
g 

eq
ua

tio
ns

 o
f 

th
e 

ta
bl

e 
of

 v
al

ue
s. 

16
. 

So
lv

e 
pr

ac
tic

al
 p

ro
bl

em
s 

in
vo

lv
in

g 
co

ns
ta

nt
 a

nd
 v

ar
ia

bl
e 

ra
te

s 
of

 
ch

an
ge

 in
 c

on
te

xt
. 

17
. 

Ex
pl

or
e,

 c
om

pa
re

, a
nd

 id
en

tif
y 

ra
te

s 
of

 c
ha

ng
e 

in
 th

e 
m

ed
ia

 
re

po
rt

s, 
e.

g.
, 2

02
2 

CO
VI

D
-1

9 
da

ily
 c

om
m

un
ity

 c
as

es
, C

O
VI

D
-1

9 
da

ily
/m

on
th

ly
 v

ac
ci

na
tio

ns
, t

em
pe

ra
tu

re
, h

ea
rt

be
at

s, 
an

d 
po

llu
tio

n 
ra

te
s 

to
 p

os
e 

an
d 

an
sw

er
 p

ra
cti

ca
l q

ue
sti

on
s.

N
um

be
r S

eq
ue

nc
es

St
ud

en
ts

 a
re

 a
bl

e 
to

:
1.

 
Id

en
tif

y 
nu

m
be

r s
eq

ue
nc

es
 in

 re
al

-li
fe

 a
nd

 d
es

cr
ib

e 
th

e 
pa

tte
rn

 o
f 

th
ei

r r
at

es
 o

f c
ha

ng
e.

2.
 

G
en

er
at

e 
a 

nu
m

be
r s

eq
ue

nc
e 

fro
m

 it
s 

ge
ne

ra
l t

er
m

.
3.

 
Id

en
tif

y 
th

e 
do

m
ai

n 
an

d 
ra

ng
e 

of
 a

 s
eq

ue
nc

e.
4.

 
C

la
ss

ify
 a

 n
um

be
r s

eq
ue

nc
e 

as
 fi

ni
te

 o
r i

nfi
ni

te
.

5.
 

D
et

er
m

in
e 

th
e 

ge
ne

ra
l t

er
m

 o
f a

 li
ne

ar
 n

um
be

r s
eq

ue
nc

e 
us

in
g 

kn
ow

le
dg

e 
of

 li
ne

ar
 re

la
tio

ns
hi

ps
.

6.
 

D
ev

el
op

 a
 fo

rm
ul

a 
fo

r t
he

 g
en

er
al

 te
rm

 o
f a

 g
eo

m
et

ric
 s

eq
ue

nc
e 

us
in

g 
kn

ow
le

dg
e 

of
 n

on
-li

ne
ar

 re
la

tio
ns

hi
ps

.
7.

 
D

es
cr

ib
e 

th
e 

m
ai

n 
di

ffe
re

nc
es

 b
et

w
ee

n 
ar

ith
m

eti
c 

an
d 

ge
om

et
ric

 
se

qu
en

ce
s.

8.
 

D
isti

ng
ui

sh
 b

et
w

ee
n 

se
qu

en
ce

s 
th

at
 a

re
 a

rit
hm

eti
c,

 g
eo

m
et

ric
, o

r 
ne

ith
er

.
9.

 
Re

pr
es

en
t a

rit
hm

eti
c 

an
d 

ge
om

et
ric

 s
eq

ue
nc

es
 o

n 
gr

ap
hs

.
10

. 
G

en
er

at
e 

se
qu

en
ce

s 
fro

m
 g

ra
ph

s 
or

 d
ia

gr
am

s.
11

. 
G

en
er

at
e 

te
rm

s 
of

 th
e 

Fi
bo

na
cc

i s
eq

ue
nc

e 
us

in
g 

its
 ru

le
 (e

ac
h 

nu
m

be
r i

s 
th

e 
su

m
 o

f t
he

 tw
o 

pr
ec

ed
in

g 
on

es
) w

ith
 s

ta
rti

ng
 te

rm
s 

0 
an

d 
1.

12
. 

D
et

er
m

in
e 

th
e 

ge
ne

ra
l t

er
m

 o
f a

 g
iv

en
 n

um
be

r s
eq

ue
nc

e.
 

--
--

--
--

--
--

--
--



106

TI
ER

 3
SP

EC
IF

IC
 L

EA
RN

IN
G

 O
U

TC
O

M
ES

 –
 T

IE
R 

3 
– 

ST
RA

N
D

 7
 - 

co
nti

nu
ed

 

RA
TE

S 
O

F 
CH

A
N

G
E 

&
 C

A
LC

U
LU

S

YE
A

R 
9

YE
A

R 
10

M
at

he
m

eti
cs

YE
A

R 
11

YE
A

R 
12

--
--

--
--

--
--

--
--

--
13

. 
Pr

ed
ic

t a
nd

 c
al

cu
la

te
 m

iss
in

g 
te

rm
s 

of
 a

 g
iv

en
 s

eq
ue

nc
e.

14
. 

D
isc

us
s 

th
e 

sim
ila

riti
es

 a
nd

 d
iff

er
en

ce
s 

be
tw

ee
n 

lin
ea

r r
el

ati
on

sh
ip

s 
an

d 
ar

ith
m

eti
c 

se
qu

en
ce

s.
15

. 
So

lv
e 

pr
ac

tic
al

 p
ro

bl
em

s 
in

vo
lv

in
g 

sim
pl

e 
ar

ith
m

eti
c 

an
d 

ge
om

et
ric

 s
eq

ue
nc

es
.

Re
la

tio
ns

 a
nd

 F
un

cti
on

s
St

ud
en

ts
 a

re
 a

bl
e 

to
:

1.
 

Id
en

tif
y 

th
e 

di
ffe

re
nc

es
 b

et
w

ee
n 

a 
re

la
tio

n 
an

d 
a 

fu
nc

tio
n.

2.
 

Pr
ed

ict
 a

nd
 ju

sti
fy

 th
e 

ty
pe

 o
f c

or
re

sp
on

de
nc

e 
be

tw
ee

n 
or

de
re

d 
pa

irs
 g

iv
en

 in
 a

ny
 ta

bl
e,

 se
t o

f o
rd

er
ed

 p
ai

rs
, e

qu
a-

tio
n,

 o
r g

ra
ph

.
3.

 
Ju

sti
fy

 w
hy

 a
 fu

nc
tio

n 
is 

lin
ea

r o
r n

ot
. 

4.
 

C
al

cu
la

te
 m

iss
in

g 
va

lu
es

 fo
r a

 g
iv

en
 ta

bl
e 

by
 e

xt
en

di
ng

 n
um

be
r p

att
er

ns
 o

r p
re

di
cti

ng
 a

n 
eq

ua
tio

n 
to

 re
pr

es
en

t t
he

 
re

la
tio

ns
hi

p 
be

tw
ee

n 
th

e 
or

de
re

d 
pa

irs
.

5.
 

Co
ns

tr
uc

t t
ab

le
s 

of
 v

al
ue

s 
fro

m
 in

te
rp

re
ta

tio
ns

 o
f w

or
d 

pr
ob

le
m

s 
to

 d
er

iv
e 

eq
ua

tio
ns

 o
f f

un
cti

on
s 

in
cl

ud
in

g 
do

-
m

ai
ns

 a
nd

 ra
ng

es
, t

o 
re

pr
es

en
t t

he
 re

la
tio

ns
hi

ps
 b

et
w

ee
n 

co
va

ry
in

g 
qu

an
titi

es
 c

on
te

xt
ua

liz
ed

 in
 th

e 
pr

ob
le

m
.

6.
 

U
se

 a
 m

ap
pi

ng
 (o

r a
rro

w
) d

ia
gr

am
 o

r a
 v

er
tic

al
 li

ne
 te

st
 to

 d
et

er
m

in
e 

w
he

th
er

 a
 re

la
tio

n 
is 

a 
fu

nc
tio

n.
7.

 
U

se
 th

e 
eq

ua
tio

n 
of

 a
 fu

nc
tio

n 
to

 d
et

er
m

in
e 

un
kn

ow
n 

va
lu

es
 fo

r a
ny

 x
 o

f t
he

 d
om

ai
n 

or
 a

ny
 y

 o
f t

he
 ra

ng
e.

  
8.

 
D

isc
us

s 
th

e 
di

ffe
re

nc
e 

be
tw

ee
n 

f(a
) a

nd
 f(

x)
 =

 a
 u

sin
g 

ex
am

pl
es

 a
nd

 g
ra

ph
s.

9.
 

D
isc

us
s 

th
e 

di
ffe

re
nc

e 
be

tw
ee

n 
f(0

) a
nd

 f(
x)

 =
 0

 u
sin

g 
ex

am
pl

es
 a

nd
 g

ra
ph

s.
10

. 
D

es
cr

ib
e 

th
e 

eff
ec

t o
n 

th
e 

gr
ap

h 
of

 y
 =

 x 
of

 m
ul

tip
ly

in
g 

by
 d

iff
er

en
t c

on
st

an
ts

 o
r o

f a
dd

in
g 

di
ffe

re
nt

 c
on

st
an

ts
.

11
. 

Pr
ed

ic
t t

he
 tr

an
sf

or
m

ati
on

s 
to

 m
ap

 th
e 

gr
ap

h 
of

 y
 =

 x 
an

d 
y =

 m
x, 

to
 th

at
 o

f y
 =

 m
x +

 b
, a

nd
 v

ic
e-

ve
rs

a.
12

. 
Co

m
pi

le
 ta

bl
es

 o
f v

al
ue

s 
an

d 
ex

pl
or

e 
gr

ap
hs

 o
f s

im
pl

e 
qu

ad
ra

tic
s 

of
 th

e 
fo

rm
s; 

y =
 a

x2 , 
an

d 
y =

 a
x2  +

 c 
to

 d
et

er
m

in
e 

th
ei

r d
om

ai
ns

 a
nd

 ra
ng

es
.

13
. 

D
es

cr
ib

e 
th

e 
eff

ec
t o

n 
th

e 
gr

ap
h 

of
 y

 =
 x2  o

f m
ul

tip
ly

in
g 

by
 d

iff
er

en
t c

on
st

an
ts

 o
r o

f a
dd

in
g 

di
ffe

re
nt

 c
on

st
an

ts
.

14
. 

Pr
ed

ic
t t

he
 tr

an
sf

or
m

ati
on

s 
to

 m
ap

 th
e 

gr
ap

hs
 o

f y
 =

 x2  a
nd

 y
 =

 a
x2 , 

to
 th

at
 o

f y
 =

 a
x2  +

 c,
 a

nd
 v

ic
e-

ve
rs

a.
15

. 
Co

m
pi

le
 ta

bl
es

 o
f v

al
ue

s 
an

d 
ex

pl
or

e 
gr

ap
hs

 o
f s

im
pl

e 
cu

bi
cs

 o
f t

he
 fo

rm
s; 

y =
 x3 , y

 =
 a

x3 , a
nd

 y
 =

 a
x3  +

 c 
to

 d
et

er
m

in
e 

th
ei

r d
om

ai
ns

 a
nd

 ra
ng

es
.

16
. 

D
es

cr
ib

e 
th

e 
eff

ec
t o

n 
th

e 
gr

ap
h 

of
 y

 =
 x3  o

f m
ul

tip
ly

in
g 

by
 d

iff
er

en
t c

on
st

an
ts

 o
r o

f a
dd

in
g 

di
ffe

re
nt

 c
on

st
an

ts
.

17
. 

Pr
ed

ic
t t

he
 tr

an
sf

or
m

ati
on

s 
to

 m
ap

 th
e 

gr
ap

hs
 o

f y
 =

 x3  a
nd

 y
 =

 a
x3 , 

to
 th

at
 o

f y
 =

 a
x3  +

 c,
 a

nd
 v

ic
e-

ve
rs

a.
18

. 
G

en
er

at
e 

ta
bl

es
 o

f v
al

ue
s 

an
d 

ex
pl

or
e 

sim
pl

e 
ex

po
ne

nti
al

 fu
nc

tio
ns

 o
f t

he
 fo

rm
s; 

y =
 b

x , y
 =

 a
bx , a

nd
 y

 =
 a

bx  +
 c 

w
he

re
 

a 
is 

th
e 

in
iti

al
 v

al
ue

 a
nd

 b
>1

 a
nd

 th
e 

co
m

m
on

 ra
tio

, t
o 

de
te

rm
in

e 
th

ei
r d

om
ai

ns
 a

nd
 ra

ng
es

.
19

. 
D

es
cr

ib
e 

th
e 

eff
ec

t o
n 

th
e 

gr
ap

h 
of

 y 
= 

bx  o
f m

ul
tip

ly
in

g 
by

 d
iff

er
en

t c
on

st
an

ts
 o

r o
f a

dd
in

g 
di

ffe
re

nt
 c

on
st

an
ts

.
20

. 
Pr

ed
ic

t t
he

 tr
an

sf
or

m
ati

on
s 

to
 m

ap
 th

e 
gr

ap
h 

of
 y

 =
 b

x  a
nd

 y
 =

 a
bx , 

to
 th

at
 o

f y
 =

 a
bx  +

 c 
w

he
re

 b
>1

, a
nd

 v
ic

e-
ve

rs
a.

21
. 

Re
pr

es
en

t d
om

ai
ns

 a
nd

 ra
ng

es
 o

f f
un

cti
on

s 
us

in
g 

in
te

rv
al

, i
ne

qu
al

ity
, a

nd
 s

et
 b

ui
ld

er
 n

ot
ati

on
s.

22
. 

Re
co

gn
ize

 th
e 

di
ffe

re
nt

 a
lg

eb
ra

ic
 re

pr
es

en
ta

tio
ns

 o
f l

in
ea

r a
nd

 s
im

pl
e 

qu
ad

ra
tic

, c
ub

ic
, a

nd
 e

xp
on

en
tia

l f
un

cti
on

s.

--
--

--
--

--
--

--
--



107

YE
A

R 
9

YE
A

R 
10

M
at

he
m

eti
cs

YE
A

R 
11

YE
A

R 
12

--
23

. 
Ex

pr
es

s 
lin

ea
r, 

sim
pl

e 
qu

ad
ra

tic
s, 

an
d 

sim
pl

e 
qu

ad
ra

tic
s, 

cu
bi

cs
, a

nd
 e

xp
on

en
tia

ls 
us

in
g 

va
rio

us
 a

lg
eb

ra
ic

 re
pr

es
en

ta
-

tio
ns

 in
cl

ud
in

g 
th

e 
se

t-
bu

ild
er

 n
ot

ati
on

.
24

. 
D

isc
us

s 
th

e 
sim

ila
riti

es
 a

nd
 d

iff
er

en
ce

s 
be

tw
ee

n 
ge

om
et

ric
 s

eq
ue

nc
es

 a
nd

 e
xp

on
en

tia
l f

un
cti

on
s.

25
. 

M
at

ch
 g

ra
ph

s 
of

 s
tr

ai
gh

t l
in

es
, p

ar
ab

ol
as

, c
ub

ic
s, 

an
d 

ex
po

ne
nti

al
 g

ra
ph

s 
to

 th
e 

ap
pr

op
ria

te
 e

qu
ati

on
s.

26
. 

So
lv

e 
pr

ac
tic

al
 p

ro
bl

em
s 

on
 li

ne
ar

 fu
nc

tio
ns

 a
nd

 s
im

pl
e 

no
n-

lin
ea

r r
el

ati
on

s 
an

d 
fu

nc
tio

ns
. 

--
--

--
--

--
--

--
--

TI
ER

 1
M

A
JO

R 
LE

A
RN

IN
G

 O
U

TC
O

M
ES

 –
 T

IE
R 

1 
– 

ST
RA

N
D

 7
  

RA
TE

S 
O

F 
CH

A
N

G
E 

&
 M

O
D

EL
LI

N
G

 F
U

N
CT

IO
N

S
YE

A
R 

10
G

en
er

al
 M

at
he

m
eti

cs
YE

A
R 

11
G

en
er

al
 M

at
he

m
eti

cs
YE

A
R 

12
G

en
er

al
 M

at
he

m
eti

cs

St
ud

en
ts

 a
re

 a
bl

e 
to

:
1.

 
Re

ad
 a

nd
 in

te
rp

re
t e

ve
ry

da
y 

st
at

em
en

ts
 

in
vo

lv
in

g 
tim

e.
2.

 
Sh

ow
 a

na
lo

gu
e 

tim
e 

as
 d

ig
ita

l ti
m

e 
an

d 
vi

ce
 

ve
rs

a.
3.

 
U

se
 a

na
lo

gu
e 

an
d 

di
gi

ta
l c

lo
ck

s 
to

 m
ea

su
re

 
tim

e,
 c

on
ve

rti
ng

 b
et

w
ee

n 
an

al
og

ue
 a

nd
 

di
gi

ta
l e

xp
re

ss
io

ns
 o

f ti
m

e 
an

d 
us

in
g 

se
co

nd
s 

in
 p

ra
cti

ca
l c

on
te

xt
s 

fo
r e

xa
m

pl
e;

 fi
tn

es
s 

ci
rc

ui
ts

.
4.

 
Ex

pl
or

e 
an

d 
co

m
pa

re
 c

ha
ng

e 
fo

r e
xa

m
pl

e,
 

gr
ow

th
, t

em
pe

ra
tu

re
 a

nd
 h

ea
rt

be
at

s.

M
od

el
lin

g 
Fu

nc
tio

ns
St

ud
en

ts
 a

re
 a

bl
e 

to
:

1.
 

Pe
rfo

rm
 c

al
cu

la
tio

ns
 w

ith
 ti

m
e,

 in
cl

ud
in

g 
24

 h
ou

r 
cl

oc
k 

tim
es

.
2.

 
Re

ad
 a

nd
 2

4 
ho

ur
 c

lo
ck

 a
nd

 d
isc

us
s 

th
e 

di
ffe

re
nc

-
es

 b
et

w
ee

n 
12

 h
ou

r a
nd

 2
4 

ho
ur

 ti
m

e 
an

d 
th

e 
re

as
on

s 
fo

r u
sin

g 
24

 h
ou

r ti
m

es
.

3.
 

Ex
pl

or
e 

co
nc

ep
ts

 o
f c

ha
ng

e 
in

cl
ud

in
g 

th
e 

us
e 

of
 

un
its

 fo
r e

xa
m

pl
e,

 p
ul

se
 ra

te
, b

irt
h 

ra
te

, p
ow

er
 

co
ns

um
pti

on
, p

ho
ne

 b
ills

, c
ar

 s
pe

ed
.

4.
 

In
te

rp
re

t a
nd

 u
se

 in
fo

rm
ati

on
 a

bo
ut

 ra
te

s 
pr

e-
se

nt
ed

 in
 a

 v
ar

ie
ty

 o
f w

ay
s 

fo
r e

xa
m

pl
e,

 g
ra

ph
ic

al
-

ly
 o

r i
n 

ta
bl

es
.

5.
 

Ex
pl

or
e 

ar
ea

s 
un

de
r t

he
 c

ur
ve

 s
ta

rti
ng

 w
ith

 li
ne

ar
 

fu
nc

tio
ns

 (a
pp

ly
 tr

ig
on

om
et

ry
).

6.
 

In
tro

du
ce

 c
on

ce
pt

 o
f i

nt
eg

ra
tio

n 
em

ph
as

isi
ng

 it
s 

us
e 

fo
r a

re
as

 u
nd

er
 th

e 
cu

rv
e 

(si
m

pl
e)

.

M
od

el
lin

g 
Fu

nc
tio

ns
St

ud
en

ts
 a

re
 a

bl
e 

to
:

1.
 

Ex
pl

ai
n 

th
e 

re
la

tio
ns

hi
p 

be
tw

ee
n 

th
e 

gr
ad

ie
nt

 o
f a

 
gr

ap
h 

an
d 

th
e 

ra
te

 o
f c

ha
ng

e.
2.

 
U

se
 c

al
cu

la
tin

g 
an

d 
in

te
rp

re
tin

g 
ra

te
s 

in
 a

 v
ar

ie
ty

 
of

 c
on

te
xt

s 
fo

r e
xa

m
pl

e,
 re

te
nti

on
 ra

te
s, 

st
affi

ng
 

ra
tio

s 
an

d 
th

e 
ha

lf-
lif

e 
of

 n
ic

oti
ne

, c
off

ee
, a

lc
oh

ol
 

an
d 

ra
di

oa
cti

ve
 m

at
er

ia
ls.

3.
 

Es
ta

bl
ish

 th
e 

re
la

tio
ns

hi
p 

be
tw

ee
n 

th
e 

gr
ad

ie
nt

 o
f 

a 
gr

ap
h 

an
d 

th
e 

ra
te

 o
f c

ha
ng

e,
 a

nd
 in

te
rp

re
t t

hi
s 

in
 c

on
te

xt
 u

sin
g 

te
ch

no
lo

gy
 w

he
re

 a
pp

ro
pr

ia
te

.
4.

 
Ex

pl
or

e 
lim

its
 o

f f
un

cti
on

s.
5.

 
In

tro
du

ce
 fu

rt
he

r i
nf

or
m

ati
on

 fo
r e

va
lu

ati
ng

 th
e 

co
ns

ta
nt

 o
f i

nt
eg

ra
tio

n.


