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MATHEMATICSwith STATISTICS

Preamble

This prescription  defines the requirements for the South Pecific Form Seven Cetificate
Mathematics (with Statigtics) examination.

Each of the sudent outcomes for the course is to be read in conjunction with the Explanatory
Notes given for each outcome in this prescription.

Sudents dso require knowledge and understanding of outcomes from the Pecific Senior
Secondary Caertificate (PSSC) or its equivdent, which are rdaed to the specific outcomes of this
prescription

This prexription is derived from the New Zedand Universty Entrance, Bursaies and
Scholarships  (NZUEBS) Mathematics (with Statistics) as well as the Nationd Cetificate of
Educationd Assessment (NCEA) Levd 3 Mathematics (with Statistics) Achievement Standards as
published by New Zedand Qudifications Authority (NZQA).

The course is desgned for students who may underteke further dudies in a tertiary inditution as
well as for those sudents who will complete their forma education at the end of Form 7.

General Objectives

Students will be expected to:

demondrate mahematicd sKkills, concepts and undergtandings in the Mathematical Processes,
Measurement and Cdculus, Algebra and Statistics a a level equivadent to that required a any
Form 7 qudification including the NZ Universties Entrance Bursaries & Scholarships
(NZUEBS), NCEA Leve 3, University of the South Pacific (USP) Foundation, etc

aoply these skills, concepts, and undergtandings to familiar and unfamiliar problems aising in
red and Imulated Stuations

demondrate the ability to perform and report on investigations, which use gatistical methods
demondgrate the ability to sdect and use gopropricte mahematicd, Satisicd and probability
techniques in problem solving

demondrate the ahility to reason logicdly and sysemdicaly

demondrate the ability to communicate mathematical ideas.

Outcomes
Students are dble to:

1 solve problems involving cdculation of probabiliies and expected vdues and use probability
didribution modds to solve problemsin context.
2 make oHections and arangements leading to combination and permutation and use
combinetion to expand binomid expressons
undertake an investigation using Satigtica concepts and techniques.
solve sysgems of linear equations and solve problems that can be modeed by a system of
linear equations
use graphica techniques to illudtrate functions and madd Stuations
use differentiation to solve problemsin context.
use sequence and series to solve problems in context.
andyze time series data
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OUTCOMES
1. PROBABILITY

Solve problems involving cdculaion of probabilities and expected vadues and use probability

distribution moddsto solve problemsin context.
Outcome 1.1
Solve probatility problems |

Explanatory Notes

Students are expected to be able to explain the basic terms and concepts of probability, and

use such concepts to solve problems.
Solving problems would involve the use of any of the following techniques

- theoreticd and experimenta probaility
- treediagrams

- Venn diagrams

- formulae

- permutations and combinations.

Problems to be solved will involve a sdection from:

- mutudly exdudve events
- independent events

- complementary events

- conditiond events.

Outcome 1.2

| Calculate and interpret expected vaues and variance for pradtical situations |

Explanatory Notes

A sdection will be made from cdculating and interpreting the expected vaue of (given the

probability function):

- discreterandom variables
- linear functions of random variables
- sumsof independent random varigbles.

Thisindudes the derivation of theidentity E(X-m)? = E(X?) - .
Sdection will be made from caculating and interpreting the variance of:

- discreterandom variables
- linear functions of random variables
- sumsof independent random varigbles.

Outcome 1.3

Use gopropriate probability didribution to moded a given dStuation, solve problems and
meke predictions using the modd.

Explanatory Notes

Probability didribution to be used will include a sdection from:
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- Rectangular or Uniform.
- Binomid.

- Poison.

- Normd.

- Approximations.

Students may be required to:

- cdculae parameters
- cdculae probabilities and expected vaues using formulae
- lveinverse normd type problems.

Outcome 1.4

Use avaiety of techniques to solve problemsin context.

Explanatory Notes
Students are expected to be able to use any of the skills covered in Outcomes 1.1 to 1.3 to
solve probability problems.

2. COMBINATIONS & BINOMIAL THEOREM

Make sdections and arangements leading to combination and permutation, and use combination
to expand binomid expressons.

Outcome 2.1

Find numbers of didtinct arrangements or sdections from a given number of objects (permutations
and combinations)

Explanatory Notes
Finding numbers of digtinct arrangements will involve problems of the following type:

graight forward gpplications such as choosing a sample of 3 girls and 4 boys from a class
of 16 girlsand 12 boys

cases where repetition is permissble such as sdecting the two letters for vehide number
plates

Outcome 2.2

Expand binomial expressonsfor positiveintegral exponents |
Explanatory Notes
For the expanson, students are required to use ether of the techniques:
Pascd’striangle
factorils and the notation "C; or g‘
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3. STATISTICS
Complete a ddidicd invedigation, interpret and andyze data, cdculae and interpret sample
datigtics and cdculate estimation for population parameters.
Outcome 3.1
| Undertake an investigation using statistical conoepts and techniques |

Explanatory Notes

Undertaking the investigation involves
planning the invedtigation (identify the problem to be invedigaed, purpose of the
investigation, method to be used, populaion to be invedtigated, the data to be collected
etc).
desgning and oconducting invedigation involves deciding on a suitable sampling method
(especidly smple random sampling) and recognizing potentid  sources  of  biss in
sampling, defining factors involved and levd of importance, defining response variables,
carying out the investigation
andlyzing the data
presenting (include graphicd) and discusing the findings (rdae findings to the context
and address the purpose of invedigaion). Findings conssent with andyds leading to
recommendations where appropriate.

Outcome 3.2
| Interpret and critically andyze data.and Statistical reports |

Explanatory Notes
Critical andlysis of data.and report include, where gppropriate, discussion of:

any comments on rdevancy of data to purpose of investigation
any comments on quality of data collected (easily andyzed and presented).
any recommendations on the investigation

any comments on the limitetions of the data.and report
ajudtification of the method used

dternative approaches that could have been considered

any assumptions mede

vaidity and rdigbility of findings

sources of bias

relevance and ussfulness of evidence

how widdy can findings be gpplied.

Outcome 3.3

| Caculate and interpret sample Satigtics |

Explanatory Notes
Cdculaion involves cdculating:
measures of centre and spread
deriving theidentity & (x- %2 = & 2 - n(%)2
the sample size required for a given precision estimate of a population parameter.



Interpretation involves

explaning the meaning of sampling didribution of the mean and sampling digribution of
aproportion

explaining the difference between sample satigtics and population parameters

explain and use the Central Limit Theorem.

Outcome 3.4

Cdculae point and interva (confidence intervd) edimates for a populdion parameter, and
explain the meaning of confidence intervas

Explanatory Notes
Cdculation of the following would be necessary:

the mean of a population

apopulation proportion

the difference between the means of two populaions (using independent samples from
those populetions)

interpreting “margin of error” in survey reports and opinion polls

dthough forma hypothesis testing has been removed from the prescription, this does not
precdude candidates having to interpret confidence intervas in the context of population
parameters.

4. EQUATIONS

Solve sysems of linear equaions and solve problems that can be modded by sysems of linear
eguations.

Outcome 4.1

Solve systems of linear equations and problems that can be modeled by a system of linear
equations

Explanatory Notes
Assessment will focus on using Smultaneous equations to solve problems in context.:

solving 2x2 and 3x3 linear systems (use of matrices is accepted).
modding and solving problems.

Outcome 4.2

Use bisection method or Newton-Raphson method to solve non-linear equations |

Explanatory Notes
Assessment will focus on:

use a auitable method to find an gpproximate location of a root (graphicd, table of vaues,
caculator eic)

use of the Newton-Raphson or the Bisection Method (the Newton-Raphson indudes
derivatives of polynomids only, otherwise derivatives of other functionswill be given)

use of ether the Newton-Raphson or the Bisection Method, including a geometric
undergtianding of the method, to improve the gpproximation to a given precison.




Outcome 4.3

| Determine and interpret the nature of solutions |

Explanatory Notes
The determination and interpretation could include:

condgency (ether unique or dependent) of solutions to sysems of eguations including
geometric representations

identify advantages and disadvantages of bisection and Newton-Raphson  methods
including explanation of the process of the Bisection method.

5. GRAPHS

Use graphicd techniques to illugtrate functions and modd Stuations.

Outcome 5.1

| Use graphical techniques to illusirate functions

Explanatory Notes
Illustration will be based on functions of the form:

y = for ared. (illugraion of different shapes especialy the three cases where a<o,
O<a<l, and a>1). Includes comparison of shapesfor different vauesof a
piecewise function (indudes sketching the function and finding vaues of function for
different sets of domain, dso write equation of amode for agiven Stuation).

Outcome 5.2

Choose an appropriate modd for red data, andyze and interpret results |

Explanatory Notes

transforming variables (induding log-log and semilog techniques)

Log-log gStuaion reaes to power functions of the form ax"™ where n is a pogtive integer
(use of gpedid log-log and semi-log papers will not be examined)

Semi-og gtuation reaes to index functions of the form Aa”* (where p can be any base)
aswdl as exponentid functions of theform AeP.

Outcome 5.3

| Modd situations using linear programming techniques, and obtain the optimal solution |

Explanatory Notes
Modding processinvolves.

Representing a problem as an equiation or inequation
Sketching and shading (gpplying condraints) to obtain the feasible region.



6. CALCULUS

Use differentiation to solve problemsin context.

Outcome 6.1

Differentiate functions |

Explanatory Notes
Differentiation will be limited to functions of the following forms:

polynomids of thetype X" wheren 1 raiona numbers
exponentias of thetype Ae ™ wherep T real numbers.

It is assumed that students are competent in:

differentiating polynomias of the typex" using the power rule
sketching of growth and decay curves
identifying festures of exponentid functions.

Rules such as Product, Quotient, Chain Rule, etc will not be required.
Outcome 6.2

Solve problems in context requiring differentiation of functionsin 6.1

Explanatory Notes
Problemswill be limited to the following:

where rates of change limit to Stuations involving two varigbles only
maximaand minima
rate of change of aquantity is proportiond to the value of the quantity
(ye=ky)

px

showing by differentiating thet y = Ae  isthe solution to y¢=ky
exponentia growth and decay (eg. Population growth, radioactivity, decay, rete of
interest).

/. SEQUENCESAND SERIES

Use sequence and series to solve problems in context.

Outcome 7.1

Describe behaviour of sequence and series

Explanatory Notes
Description to include:

use of graph and caculator techniques
incdlude the exponentid seriesin description.

Students may need to revise work on sequence and series covered a ealier levd induding
arithmetic and geometric series (Form 6 for PSSC).

Note that specific knowledge of index numbersis not required.



Outcome 7.2

| Solve problemsinvolving sequence and series |

Explanatory Notes
Problems will be sdlected from those relaing to:

arithmetic and geometric sequences and series

informal treatment of convergence

use of sequences and seriesto modd Situations and interpret the finding
exponentia sequences and series.

8. TIME SERIES

Andysetime series data.
Outcome 8.1

| Identify and describe specific features of time series data

Explanatory Notes

Features to be identified could indude:
-+ long-term trends
- cydicd vaiaions
seaond variaions
random error
permanent shift.

Students are expected to:

be dle to goply an additive modd to andyze time sries data which contain the above
features

be aware of the limitations of the additive mode for some data types

be aware of the multiplicative modd, but use of it is not required.

Outcome 8.2
| Apply smoothing to describetrends |
Explanatory Notes
Application could indude caculaion and use of the following for both an odd or even order:
moving means
moving medians

Thisdso involves

choosing and jugtifying amoving average appropriate to the time series
knowing the order that should be used to smooth out the seasond cycle (from the naturd
period of the cyde).

Outcome 8.3

| Predict or forecast future vauesin atime series |

Explanatory Notes
Before making predictions students should be ableto:

seasondly adjudting datain atime series.
interpret the results.



ASSESSMENT

Students will be assessed by a three-hour written examination worth 80% of the find mark and an
internally assessed component worth 20% of the find mark.

The composite percentage mark for each student will be obtained by using the written component
of the South Pecific Form Seven Certificate Mahematics (with Statigtics) examination as a group
reference standard for moderating the set of interndly assessed marks for the candidates from
each schoal.

The school principa (or hisher nomineg) shdl forward the internaly assessed mark (out of 20)
for eech candidate, on the Mark Capture Form (M AS1), to reach SPBEA by the date specified by
the Director. The principd, or hisher nominee, will certify that the prescription requirements have
been fulfilled.

Outcomes Suggested Time| Approximate
Spend Weighting
1. Probability — the student is able to solve problems 6 weeks 21%

involving cdculation of probabilities and expected
vaues, and use probahility distribution moddsto solve
problems.

2. Combinations and Binomia Theorem — the sudent is 2weeks %
able to make sdections and arrangements leading to
combination and permutation, and use combination to
expand binomia expressions.

3. Saidtics — the sudent is able to complete a gatistica Sweeks 18%
investigation.
4. Equaions— the student is able to solve systems of 3weeks 11%

linear equtions and solve problems that can be modded
by asystem of linear equations.

5. Grgphs — the student is able to use graphica 4weeks 14%
techniques to illudrate functions and modd Stuations.
6. Cdculus— the sudent is able to use differentiation to 3 week 11%
solve problems.
7. Sequences and Series — the sudent is able to use 2weeks 7%
sequences and series to solve problems.
8. Time Series— the sudent is able to andyse time series 3weeks 11%
data

Total 28 weeks 100%

External Examination

The prescription contains both generd objectives and outcomes. Students would be expected to
know, undertand and goply any mahematics rdaed to the outcomes. Examination questions,
which require specific mathematical knowledge, will be based on these outcomes or on related
materia  from lower levd prescriptions. It may however, be agpproprigie to assess the generd
dgectives of the prestription by choosng an unfamiliar context and supplying dl background
information and data necessay to solve the problem. Mahematicd proofs, not mentioned
specificdly in the prescription, could be examined in thisway.
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Emphasisin the examination will reflect the time alocated to each topic.

The examination paper will have two sections, Section A and Section B:
Section A will be a short answer section (35%)

Section B will be a long answer section (65%). Section B will contain sx questions but
sudents will be required to do only five.

Quedtions in the examingtion may be st to combine materid from different sections of the
prescription. Although no question will be set on the areas covered in the Specific Outcome 3.1
(Statigticd  Invedtigation), certain aspects of this outcome could be assessed as pat of questions
covering other areas of the prescription.

A dandad lig of formulae will be incorporated in the examinaion paper. Additiond formulae
may be provided where gppropriate. A copy of the formulae ligt is attached as an gppendix to this
prescription.

The use of cdculators and computers is an integrd part of mathematics. Students will be required
to supply their own cdculators for use in the examination. The use of caculators must conform to
the SPBEA Rules and Procedures governing eectronic calculators.

I nternal Assessment

This assessment will complement that provided by the written examinaion. It will emphesize
those specific outcomes in the prescription for which assessment by an externd examination is
less gppropriate, for example the ability to desgn, implement and andyse dHatidtical projects or
samulation experiments, or the ability to use computers effectively. The assessment should include
the ability to present such work accurately, concisdly and appropriately.

To meet the interndly assessed component requirement, students will submit one or more pieces
of written work, reporting on practicd work undertaken by the student. While practicd work is
not redricted to any particular section or sections, every sudent is required to cary out the
datidicd invedigation. The totd amount of time spent on such work should be commensurate
with itsweight in the final assessment, i.e. about 20% of the tota coursetime available.

The teacher has the discretion to decide whether the work should take the form of the datistical
invedigetion only or incdude other additiond smdler dudies rdaing to different sections of the
prescription. The datidical investigation must focus on the outcome 3.1 of the prescription. Not
more than two other dudies (three in dl) may be conducted by any school for its internd
assessment in any year.

As the gatidicd invedigaion is compulsory, outcome 3.1 will not be assessed directly in the
external examination athough various aspects of it can be assessed in other aress.

At the beginning of each year, each school presenting students for the South Pecific Form Seven
Cetificate Mathematics (with Statistics) assessment must complete an Internal  Assessment
Summary Form (MAS1A) and forward to SPBEA by the date set down by the Director. The form
must dealy indicate the number of dudies in addition to the datidicd invedigation, to be
undertaken by the school, the specific outcome and learning area each sudy will focus on, a brief
outline of each sudy and the time (dat and completion date) esch study is intended to be
undertaken.
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The use of computers in the practical sudy is strongly encouraged. Possble agects of computer
use in this respect might incdude the development of specid purpose programs and other software,
the use of datidicd, numerica, or graphics packages, the development or use of random number
generatorsin Smulation studies, etc.

Suitable practicd topics can be found in dl sections of the prescription. Some of the more obvious
besdes the practicd daigdicd invedtigaion, indude practicd optimization problems using linear
programming or other methods, the devel opment of special purpose software, etc.

Asessment should teke cognisance of the leve of initigive and origindity shown by the
candidate. This incudes the ability to design, cary through and describe an gppropriate study, and
practica competence in handling computers or Smilar computationd aids.

At the gart of the year students should be given a copy of the assessment satement to be used.
The assessment statement and copies of all assessment tasks and assessment schedules used, as
wel as a sample of candidate responses to al interna assessment work undertaken, must be
avallable for verification on request until 30 November of the year of the examination.

The moderation of Internal Assessment will be done in accordance with SPBEA poalicy as
specified from time to time.
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Appendix 2: Board’s Rules and Procedures gover ning the use of electronic
calculatorsin the Board’s examinations

Written or printed maerids (induding informetion and routines sored in the programmable
memory of caculators) are prohibited.

Due to rgpid changes in caculaor technology, the Board will regularly review its policy on the
use of cdculators in examinations. However, every effort is made to ensure that schools are given

adequate notice of policy changes.

The fallowing policy ams to compromise between rewarding the appropriate use of technology
while giving condgderation to associated equity issues The Board has a respongbility to ensure
fairness and equity to dl candidates.

Exam stters are aware of cdculator technology, and take caculator cgpability into account in the
design of examinaion questions and marking schedules.

General Policy

The SPBEA Assessment and Certification Rules and Procedures for Secondary Schools dlow
candidates t0 use a cdculaor in any of its examinations provided that the cdculaior is Slent,
hend-hdd, non-printing and contains its own power source. However, cdculaiors may not be
used to pass information to other cadidaes bring informetion into the examindion, or as a
dictionary/trandator.

SPBEA encourages examiners to set papers that examine understanding of concepts in such a way
that the use of sophidicated caculaiors is not a dgnificant advantage. Examinadion questions may
require details of working steps to be shown to ensure that candidates understand the key concepts
being assessed.

SPBEA’s policy on cdculaors in examindions dlows the legitimae use of mogt types of
cdculaor, induding grgphicad and programmable cdculaors.  The intention of the policy is to
support the directions of curriculum development and encourage the gppropriate use of caculator
technology. The policy does not dlow the use of cdculaiors to contravene other examinaion
rules and procedures.

The exception to the above paragrgph is the use of any cdculator that has symbolic dgebraic
manipulation cgpability. These will continue to be prohibited in dl of the Board's examinations
as they may offer candidates who use them a significant advantage over other candidates.

The following modes have currently been identified as having this capability:

Texas Instruments T189
Texas Instruments T192
Texas Instruments T192 Plus
Casio CFX 9970G

Casio AlgebraFX 2.0
Hewlett Packard HP48G
Hewlett Packard HP48GX
Hewlett Packard HP49G
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SPBEA may from time to time publish more detalled rules for the use of cdculators, or further
add to the list of prohibited caculators

Information For Students

The Instructions to Candidates booklet, which is issued to dl candidetes prior to the examination
period, summarises the above rules and procedures and dso Sates:

CALCULATORS

Candidates are recommended to take a calculator into the examination room for subjects where
they have used a calculator during the year. For subjects where a scientific calculator has been
used during the year, this should be taken to the examination.

Candidates bringing more sophisticated cdculators into an examination room may be subjected to
additiond scrutiny by supervisors

Any posshle misuse of cdculators during an examingtion will be handled through the Board's
sandard procedures for investigating possible misconduct in examinations.
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ADVISORY SECTION
1. Suggested Texts

This is a lig of only some Mahemdtics texts that are available and have been used for teaching
the course for Universty Bursary Mathematics with Statistics. It is important teachers use this as
only aguide and check current book lists available through publishers and book retailers.

A. Suggested Text
1. SgmaMathemétics - Barton, D. Longman, 1998 (2" Exition)

B. Supplementary Texts

1 Saigics Workbook - Lakdand, R & Nugent, C, Nulake, 1998
2 Year 13 Study Guide, Mathematics with Satistics - Barrett, ESA

3 Longman write-on Notes— Statistics ~ Barton, D.

4 Bursary Statistics— Questions from the last 8 bursary papers with suggested
answers.

Redly Useful Resources
Box 19-939

Woolgon

Christchurch

5 Schaum's Outlines, Probability and Statistics, 2™ education, Speigdl et d,
McGraw Hill — ameta teacher resource.

6. Study Passreference notes. Y ear 13 Stetidtics, info@studypass.co.nz.

7. Time Seriesresources - Stats NZ - Yearbook
- PCINFOS omnline.
- Met service - wesather stats
- Business Indicators— shareindex
- exchange rates
- The internet

8 Statistics Website www. tki.org.nz
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2. Suggested Teaching Programme

This is an example of a teaching programme (timeline) showing the time that needs to be spent on
different learning outcomes on which teachers can base ther schemes of work. With
countries’'schoals in the region having a variety of term times, teachers will need to plan ther own
programmes using this as a guide.

Pacific I slands High School
Teaching Programme — Form 7 Mathematics with Statistics

W eek L earning Outcome Prescription | Assessment
Reference

Terml

1 Basic Probability 11

2 Basic Probability/Expected Vaues 12/1.3

3 Expected Vaues 13

4 Binomid/Poisson

5 Poisson/Normal

6 Normal/Approximetions

7 Permutations and Combinetions 21

8 Binomia Theorem 2.2

9 Graphing/Sampling Methods 31

10 Cdculation and Interpretation of sample statistics 3.2

11 Sampling digtribution of mean and 33
proportion/sample gatitics

12 Centrd Limited Theorem 33

13

Termll

1 Confidence Interva 34

2 Confidence Interva 34

3 Solving equations 2x2 and 3x3 4.1

4 Exam Revison

5 Exam Time Exam

6 Consstency and uniqueness of 4.2
solutions/Bisection Method

7 Newton-Raphson Method 4.3

8 y =x* and piecewise functions 5.1

9 Power functions and exponentids 52

10 Power functions and exponentids /Linear 5.2/5.3
Programming

11 Linear Programming 5.3

12 Differentiation 6.1

13 Application of differentiation 6.2

14 Application of differentition 6.2

Termlll

1 Sequences and Series 7.1

2 Sequences and Series 7.2

3 Features of Time Series 8.1

4 Smoothing 8.2
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Prediction

8.3

Revison

Exam Time

Exam

Go over Exam
Revison/exam preparation

Revigon/exam preparation

Revison/exam preparation
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South Pacific Board for Educational Assessment
SOUTH PACIFIC FORM SEVEN CERTIFICATE | MAS-1

MATHEMATICS (with Statistics)

IA Mark Capture Form

Country ......ooovviiiiiiies School ...,
Name Teacher

- Cand. Mark
Surname First name Code (out of 20%)




South Pacific Board for Educational Assessment

MAS-I1A
SOUTH PACIFIC FORM SEVEN CERTIFICATE
MATHEMATICS (with Statistics)
IA Summary Form
Country: School:
Learning Specific . . Start Finish | Weight
Area Outcome Brief Outline of Study Date Date (%)
Statistical Investigation
Statistics 3.1
Total 20%
Teacher:
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