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Applied Mathematics

The main emphasis of the applied course is on developing the ability of the students 

to start with a problem in non-mathematical form and transform it into mathematical 

language.  This will enable them to bring mathematical insights and skills in devising a 

solution, and then interpreting this solution in real-world terms.

Students accomplish this by exploring problems using symbolic, graphical, numerical, 
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Furthermore, students engage in mathematical thinking and modelling to examine and 

solve problems arising from a wide variety of disciplines including, but not limited to, 

economics, medicine, agriculture, marine science, law, transportation, engineering, 

banking, natural sciences, social sciences and computing.

The syllabus is divided into two (2) Units. Each Unit comprises three (3) Modules.

Unit 1: Statistical Analysis 

• Module 1  Collecting and Describing Data

• Module 2  Managing Uncertainty

• Module 3  Analysing and Interpreting Data

Unit 2: Mathematical Applications
 

• Module 1  Discrete Mathematics

• Module 2  Probability and Distributions

• Module 3  Particle Mechanics
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he Caribbean Advanced Proficiency Examination (CAPE) is designed to provide certification of the 
academic, vocational and technical achievement of students in the Caribbean who, having completed 

a minimum of five years of secondary education, wish to further their studies.  The examinations address 
the skills and knowledge acquired by students under a flexible and articulated system where subjects are 
organised in 1-Unit or 2-Unit courses with each Unit containing three Modules.  Subjects examined under 
CAPE may be studied concurrently or singly. 

The Caribbean Examinations Council offers three types of certification. The first is the award of a certificate 
showing each CAPE Unit completed.  The second is the CAPE diploma, awarded to candidates who have 
satisfactorily completed at least six Units, including Caribbean Studies. The third is the CAPE Associate Degree, 
awarded for the satisfactory completion of a prescribed cluster of seven CAPE Units including Caribbean Studies 
and Communication Studies. For the CAPE diploma and the CAPE Associate Degree, candidates must complete 
the cluster of required Units within a maximum period of five years. 

Recognized educational institutions presenting candidates for CAPE Associate Degree in one of the nine categories 
must, on registering these candidates at the start of the qualifying year, have them confirm in the required form, the 
Associate Degree they wish to be awarded.  Candidates will not be awarded any possible alternatives for which they 
did not apply. 

T 

Introduction 
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� RATIONALE
0DWKHPDWLFV� DQG� LWV� DSSOLFDWLRQV� DUH� TXLFNO\� EHFRPLQJ� LQGLVSHQVDEOH� LQ� RXU� PRGHUQ� WHFKQRORJLFDO� ZRUOG���
$GYDQFHPHQW� LQ� ILHOGV�RI�DSSOLFDWLRQV�KDV�SURPSWHG� WKH�XVH�RI� FRPSXWDWLRQDO� WHFKQLTXHV�XQLTXH� WR�SDUWLFXODU�
HQWLWLHV���7KH�GLVFLSOLQH�RI�DSSOLHG�PDWKHPDWLFV�PXVW�UHVSRQG�WR�WKH�GHPDQGV�RI�FRQFHSWXDO�DQDO\VLV��SULQFLSOHV�
DQG�SUREOHP�VROYLQJ�IRU�D�QHZ�ZRUOG�ILOOHG�ZLWK�PRUH�DGYDQFHG�WRROV�RI�WHFKQRORJ\�

7KH�PDLQ�HPSKDVLV�RI�WKH�DSSOLHG�FRXUVH�LV�RQ�GHYHORSLQJ�WKH�DELOLW\�RI�WKH�VWXGHQWV�WR�VWDUW�ZLWK�D�SUREOHP�LQ�
QRQ�PDWKHPDWLFDO� IRUP� DQG� WUDQVIRUP� LW� LQWR� PDWKHPDWLFDO� ODQJXDJH�� � 7KLV� ZLOO� HQDEOH� WKHP� WR� EULQJ�
PDWKHPDWLFDO�LQVLJKWV�DQG�VNLOOV�LQ�GHYLVLQJ�D�VROXWLRQ��DQG�WKHQ�LQWHUSUHWLQJ�WKLV�VROXWLRQ�LQ�UHDO�ZRUOG�WHUPV�

6WXGHQWV� DFFRPSOLVK� WKLV� E\� H[SORULQJ� SUREOHPV� XVLQJ� V\PEROLF�� JUDSKLFDO�� QXPHULFDO�� SK\VLFDO� DQG� YHUEDO�
WHFKQLTXHV� LQ� WKH� FRQWH[W� RI� ILQLWH� RU� GLVFUHWH� UHDO�ZRUOG� VLWXDWLRQV�� � )XUWKHUPRUH�� VWXGHQWV� HQJDJH� LQ�
PDWKHPDWLFDO� WKLQNLQJ�DQG�PRGHOOLQJ� WR�H[DPLQH�DQG�VROYH�SUREOHPV�DULVLQJ� IURP�D�ZLGH�YDULHW\�RI�GLVFLSOLQHV�
LQFOXGLQJ��EXW�QRW�OLPLWHG�WR��HFRQRPLFV��PHGLFLQH��DJULFXOWXUH��PDULQH�VFLHQFH��ODZ��WUDQVSRUWDWLRQ��HQJLQHHULQJ��
EDQNLQJ��QDWXUDO�VFLHQFHV��VRFLDO�VFLHQFHV�DQG�FRPSXWLQJ�

'ULYHQ�E\�FRPSXWDWLRQDO� WHFKQRORJ\��PXFK�PDWKHPDWLFDO�SRZHU�DQG�HIILFLHQF\�KDYH�EHHQ�SURYLGHG� WR� WHDFKHUV�
DQG�VWXGHQWV�WKURXJK�WKH�XVH�RI�FDOFXODWRUV�DQG�FRPSXWHUV���7KLV�FRXUVH�LQFRUSRUDWHV�WKH�XVH�RI�DSSURSULDWH�DQG�
UHOHYDQW� WHFKQRORJ\�� �7KHVH� WHFKQRORJLFDO� VNLOOV� WKDW� VWXGHQWV�ZRXOG� UHTXLUH�ZRXOG�SURYH� YLWDO� WR� WKHP�DV� WKH\�
SUHVHQW�DQG�DQDO\VH�GDWD�IRU�D�UHVHDUFK�FRPSRQHQW�

,W� LV�DOVR�UHFRJQL]HG�WKDW�PDWKHPDWLFV� LV�D�SULQFLSDO�JDWHZD\�WR�WHFKQLFDO�DQG�SURIHVVLRQDO�FDUHHUV�DQG�DFDGHPLF�
LQWHUHVWV�IRU�DQ�LQFUHDVLQJ�QXPEHU�RI�VWXGHQWV�LQ�D�ZLGHQLQJ�UDQJH�RI�VXEMHFWV�LQ�WKH�FXUULFXOXP���7KHUHIRUH��WKLV�
$SSOLHG�0DWKHPDWLFV�V\OODEXV�PDNHV�SURYLVLRQ�IRU�WKLV�GLYHUVLW\�WKURXJK�WZR�FDUHIXOO\�DUWLFXODWHG�8QLWV�WKDW�DUH�
DYDLODEOH� WR� VWXGHQWV�� �%RWK�8QLWV�HPSOR\�D� VWHSZLVH� ORJLFDO�DSSURDFK�XVLQJ�PDWKHPDWLFDO� UHDVRQLQJ��SULQFLSOHV�
DQG� SDWWHUQV� WR� GHYHORS�PRGHOV�� WHVW� FRQMHFWXUHV� DQG� MXGJH� YDOLGLW\� RI� DUJXPHQWV� DQG� FRQFOXVLRQV�� � 7KXV�� WKH�
PDWKHPDWLFDO� FRQFHSWV� H[SORUHG� HVWDEOLVK� WKH� LPSRUWDQFH� RI� UHDVRQLQJ�� FRXQWLQJ�� PRGHOOLQJ� DQG� DOJRULWKPLF�
WKLQNLQJ�

� AIMS
The syllabus aims to enable students to:

1. equip themselves with tools of data collection, data organization and data analysis in order to make valid
decisions and predictions;

2. develop research skills needed for productive employment, recreation and life-long education;

Applied Mathematics 
Syllabus

7KLV�V\OODEXV�ZLOO�FRQWULEXWH�WR�WKH�GHYHORSPHQW�RI�WKH�,GHDO�&DULEEHDQ�3HUVRQ�DV�DUWLFXODWHG�E\�WKH�&$5,&20�
+HDGV�RI�*RYHUQPHQW�LQ�WKH�IROORZLQJ�DUHDV��³GHPRQVWUDWH�PXOWLSOH� OLWHUDFLHV�� LQGHSHQGHQW�DQG�FULWLFDO�WKLQNLQJ�
DQG�LQQRYDWLYH�DSSOLFDWLRQ�RI�VFLHQFH�DQG�WHFKQRORJ\�WR�SUREOHP�VROYLQJ���6XFK�D�SHUVRQ�VKRXOG�DOVR�GHPRQVWUDWH�D�
SRVLWLYH� ZRUN� DWWLWXGH� DQG� YDOXH� DQG� GLVSOD\� FUHDWLYH� LPDJLQDWLRQ� DQG� HQWUHSUHQHXUVKLS´�� ,Q� NHHSLQJ� ZLWK� WKH�
81(6&2�3LOODUV�RI�/HDUQLQJ��RQ�FRPSOHWLRQ�RI�WKLV�FRXUVH�WKH�VWXG\��VWXGHQWV�ZLOO� OHDUQ�WR�GR��OHDUQ�WR�EH�DQG�
OHDUQ�WR�WUDQVIRUP�WKHPVHOYHV�DQG�VRFLHW\�
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3. use of appropriate statistical language and form in written and oral presentations;

4. develop an awareness of  the exciting applications of  Mathematics;

5. develop a willingness to apply Mathematics to relevant problems that are encountered in daily
activities;

6. understand certain mathematical concepts and structures, their development and their
interrelationships;

7. use calculators and computers to enhance mathematical investigations;

8. develop a spirit of mathematical curiosity and creativity;

9. develop the skills of recognizing essential aspects of  real-world problems and translating these problems
into mathematical forms;

10. develop the skills of defining the limitations of the model and the solution;

11. apply Mathematics across the subjects of the school curriculum;

12. acquire relevant skills and knowledge for access to advanced courses in Mathematics and/or its
applications in other subject areas;

13. gain experiences that will act as a motivating tool for the use of technology.

� SKILLS AND ABILITIES TO BE ASSESSED
The assessment will test candidates’ skills and abilities in relation to three cognitive levels.

1. Conceptual knowledge - the ability to recal l ,  se lect  and use  appropriate facts, concepts and�principles� in�D�
variety of contexts. 

2. Algorithmic knowledge -  the ability to manipulate  mathematical expressions and procedures using appropriate
symbols and language, logical deduction and inferences.

3. Reasoning -  the ability to se lect  appropriate strategy or select, use  and evaluate  mathematical models and
interpret  the results of a mathematical solution in terms of a given real-world problem and engage in problem-
solving.
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� PRE-REQUISITES OF THE SYLLABUS

Any person with a good grasp of the contents of the syllabus of the Caribbean Secondary Education Certificate 
(CSEC) General Proficiency course in Mathematics, or equivalent, should be able to undertake the course. 
However, successful participation in the course will also depend on the possession of good verbal and written 
communication skills. 

� STRUCTURE OF THE SYLLABUS
The syllabus is divided into two (2) Units.  Each Unit comprises three (3) Modules. 

Unit 1: Statistical Analysis contains  three  Modules ,  each requir ing approximate ly  
50 hours .   The tota l  teaching t ime,  there fore ,  i s  approximate ly  150 hours .  

Module 1 - Collecting and Describing Data  
Module 2 - Managing Uncertainty 
Module 3 - Analysing and Interpreting Data 

Unit 2: Mathematical Applications contains  three  Modules ,  each requir ing  approximate ly  50 
hours .   The tota l  teaching t ime,  there fore ,  i s  approximate ly  150 hours .  

Module 1 - Discrete Mathematics 
Module 2 - Probability and Distributions 
Module 3 - Particle Mechanics 

� RECOMMENDED 2-UNIT OPTIONS
1. Pure Mathematics Unit 1 AND Pure Mathematics Unit 2.

2. Applied Mathematics Unit 1 AND Applied Mathematics Unit 2.

3. Pure Mathematics Unit 1 AND Applied Mathematics Unit 2.
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� UNIT 1:  STATISTICAL ANALYSIS
MODULE 1:   COLLECTING AND DESCRIBING DATA

GENERAL OBJECTIVES 

On completion of this Module, students should: 

1. understand the concept of randomness and its role in sampling and data collection;

2. appreciate that data can be represented both graphically and numerically with the view to initiate analysis.

SPECIFIC OBJECTIVES 

(a) Sources of Data 

Students should be able to: 

1. distinguish between qualitative and quantitative data, and discrete and continuous data;

2. distinguish between a  population and a sample,  a census and sample survey, and a parameter and  a
statistic;

3. identify an appropriate sampling frame for a given situation;

4. explain the role of  randomness in statistical work;

5. explain why sampling is necessary;

6. outline the ideal characteristics of a sample;

7. distinguish between random and non-random sampling;

8. distinguish among the following sampling methods - simple random, stratified random, systematic random,
cluster and quota;

9. use the ‘lottery’ technique or random numbers (from a table or calculator) to obtain a simple random
sample;

10. outline the advantages and disadvantages of simple random, stratified random, systematic random, cluster
and quota sampling.
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UNIT 1 
MODULE 1:   COLLECTING AND DESCRIBING DATA (cont’d) 

CONTENT 

(a) Sources of Data 

(i) Quantitative, qualitative, discrete and continuous data. 

(ii) Populations, parameters, censuses, samples, statistics, sample surveys. 

(iii) Sampling frames. 

(iv) Random and non-random sampling. 

(v) Simple random, stratified random, systematic random, cluster and quota sampling. 

(vi) Random numbers, “lottery” techniques. 

SPECIFIC OBJECTIVES 

(b) Data Collection 

Students should be able to: 

1. design questionnaires, interviews and observation schedules;

2. use simple random, stratified random, systematic random, cluster and quota sampling to obtain a  sample;

3. collect experimental data using questionnaires, interviews or observation  schedules;

4. write a report of the findings obtained from collected data.

CONTENT 

(b)  Data Collection 

(i) Design of questionnaires, interviews and observation schedules. 

(ii) Sampling techniques. 

(iii) Collection of data. 

(iv)  Analysis of data. 
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UNIT 1 
MODULE 1:   COLLECTING AND DESCRIBING DATA (cont’d) 

SPECIFIC OBJECTIVES 

(c) Data Analysis 

Students should be able to:  

1. construct frequency distributions from raw data;

2. construct and use frequency polygons, pie charts, bar charts, histograms, stem-and-leaf diagrams,  box-and-
whisker plots and cumulative frequency curves (ogives);

3. outline the relative advantages and disadvantages of frequency polygons, pie charts, bar charts, histograms,
stem-and-leaf diagrams and box-and-whisker plots in data analysis;

4. determine or calculate the mean, trimmed mean, median and mode for ungrouped and grouped data;

5. outline the relative advantages and disadvantages of the mean, trimmed mean, median and  mode as
measures of central tendency for raw or summarized data;

6. determine quartiles and other percentiles from raw data,  grouped data, stem-and-leaf diagrams, box-and-
whisker plots and cumulative frequency curves (ogives);

7. calculate the range, interquartile range, semi-interquartile range, variance and standard deviation of
ungrouped and grouped data;

8. interpret the following measures of variability: range, interquartile range and standard deviation;

9. interpret the shape of a frequency distribution in terms of uniformity, symmetry, skewness, outliers and
measures of central tendency and variability.

CONTENT 

(c) Data Analysis 

(i) Pie charts, bar charts, histograms, stem-and-leaf diagrams, box-and-whisker plots. 

(ii) Frequency distributions, frequency polygons, ogives. 

(iii) Mean, trimmed mean, median, mode, percentiles, quartiles. 

(iv) Relative advantages and disadvantages of various measures of central tendency. 
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UNIT 1 
MODULE 1:   COLLECTING AND DESCRIBING DATA (cont’d) 

(v) Range, interquartile range, semi-interquartile range, variance, standard deviation. 

(vi) Interpretation of various measures of variability. 

(vii) Shape of distributions. 

Suggested Teaching and Learning Activities 

To facilitate students’ attainment of the objectives of this Module, teachers are advised to engage students in 
the teaching and learning activities listed below. 

Whenever possible, class discussions and presentations should be encouraged.  

1. Sources of Data

The objectives related to these concepts could be introduced and developed using primary and
secondary data.

Example: Physical data, economic data, survey data, computer-generated data.

2. Data Collection

It is critical that students be required to collect data to be used in subsequent Modules.

The advantages and disadvantages of different sampling methods should be discussed.

It is desirable that small-group projects be initiated at this time.

The data collected should also be used as stimulus material for hypothesis testing or linear regression and
correlation, by investigating relationships between variables.

Example: Investigate the relationship between the height of student and the distance to which 
the student throws a ball. 

3. Data Analysis

Calculators or statistical software should be used whenever possible to display and analyse the collected
data.
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UNIT 1 
MODULE 1:   COLLECTING AND DESCRIBING DATA (cont’d) 

Graphical representations such as histograms, pie-charts, box-and-whisker plots should be used for 
preliminary analysis of data. 

The strengths and weaknesses of the different forms of data representation should be emphasised. 

Example: Box-and-whisker plots and “back to back” stem-and-leaf diagrams are appropriate for 
data comparison, such as scores obtained by boys versus scores obtained by girls from a 
test.   

Discussions on the relative advantages and usefulness of the mean, quartiles, standard deviation of 
grouped and ungrouped data should be encouraged.  Discussions on the shape of frequency 
distributions should be entertained. 

RESOURCES 

Crawshaw, J. and Chambers, J. A Concise Course in A-Level Statistics, Cheltenham:  Stanley 
         Thornes Limited, 2001. 

Mahadeo, R. Statistical Analysis – The Caribbean Advanced Proficiency 
Examinations A Comprehensive Text, Trinidad and Tobago: 
Caribbean Educational Publishers Limited, 2007. 

Upton, G. and Cook, I. Introducing Statistics, Oxford:  Oxford University Press, 2001. 



UNIT 1 
MODULE 2: M A N A G IN G  UNCERTAINTY 

GENERAL OBJECTIVES

On completion of this Module, students should:

1. understand the concept of probability;

2. appreciate that probability models can be used to describe real world situations and to manage
uncertainty.

SPECIFIC OBJECTIVES

(a) Probability Theory

Students should be able to:

1. list the elements of a possibility space (or probability sample space), given an experiment;

2. identify the elements of an event, given a possibility space;

3. calculate the probability of event A , P(A), as the number of outcomes of A divided by the total
number of possible outcomes;

4. use the property that the probability of an event A is a real number between 0 and 1 inclusive (0 < P(A) 
^ 1);

n
5. use the property that the sum of all the n probabilities of points in the sample space is 1, ( ^  p- = 1);

i= l 1

6. use the property that P(A)= 1 -P(A), where P(A ) is the probability that event A  does not occur;

7. calculate PA  U B) and PA  H B);

8. identify mutually exclusive events;

9. use the property of P(A Pi B) = 0 or P(A U B) = P(A) + P(B) where A and B are mutually exclusive events;
P(A n B)

10. calculate the conditional probability P(A | B) where P(A | B) = --------—  is the probability that event A
P(fi)

will occur given that event B has already occurred;

11. identify independent events;

CXC A9/U2/07 9

1, ^ .  = D;

(0 < P(A)

PCdn B) 
P (B)

1. list the elements of a possibility space (or probability sample space), given an experiment;

2. identify the elements of an event, given a possibility space;

3. calculate the probability of event A , P(A), as the number of outcomes of A divided by the total
number of possible outcomes;

2. appreciate that probability models can be used to describe real world situations and to manage 
uncertainty.

ive events; 

hat event A



UNIT 1 
MODULE 2: M A N A G IN G  UNCERTAINTY (cont’d)

12. use the property P(A Pi B) = P (A) ■ P (B) or P(A |B) = P(A) where A and B are independent events;

13. construct and use possibility space diagrams, tree diagrams, V enn diagrams and contingency tables in the
context of probability;

14. solve problems involving probability.

CONTENT

(a) Probability Theory

(i) C oncept of probability.

(ii) P(A U B) = P(A) + P(B) -  P(A n  B).

(iii) M utually exclusive events: P(A Pi B) = 0 or P(A U B) = P(A) + P(B).

(iv) Independent events: P(A Pi B) = P(A)- P(B) or P(A| B) = P(A).

(v) Possibility space, tree diagrams, V enn  diagrams, contingency tables, possibility space diagrams.

(vi)
P ( a  n  B )

C onditional probability: P(A|B)= p(U ) .

SPECIFIC OBJECTIVES

(b) Random Variables

Students should be able to:

1. use a given probability function which assigns probabilities to values of a discrete random  variable;

2. outline and use the properties of the probability distribution of a random variable X:

(a) 0 < P (xt) < 1 for a llxi.

f n  '

(b) .

\  /

3. calculate the expected value E(X), variance Var(X), and standard deviation of a discrete random  variable X;

^  C X C  A 9 /U 2 /0 7  10

(a) 0 < P (Xt) < 1 for attxi.

f n '

(b) .

\  /

12. use the property P(A Pi B) = P (A) • P (B) or P(A |B) = P(A) where A and B are independent events;

13. construct and use possibility space diagrams, tree diagrams, V enn  diagrams and contingency tables in the
context of probability;

14. solve problems involving probability.

n  1 
2  p t = l

.
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UNIT 1 
MODULE 2:   MANAGING UNCERTAINTY (cont’d) 

4. construct and use probability distribution tables for discrete random variables to obtain the probabilities:
P(X = a), P(X > a), P(X < a), P(X � a), P(X � a), or any combination of these, where a and b are real
numbers;

5. construct a cumulative distribution function table from a probability distribution table;

6. use a cumulative distribution function table to compute probabilities;

7. use the properties of a probability density function, f(x) of a continuous random variable X:

(a) f(x) � 0 for all x,

(b) the total area under the graph is 1;

8. use areas under the graph of a probability density function as measures of probabilities (integration will not
be tested), noting that P(X = a) = 0 for any continuous random variable X and real number a.

CONTENT 

(b) Random Variables 

(i) Discrete random variables. 

(ii) Continuous random variables. 

(iii) Properties of discrete and continuous random variables. 

(iv) Expected value, variance and standard deviation of a discrete random variable. 

(v) Probability distribution. 

(vi) Cumulative distribution. 

SPECIFIC OBJECTIVES 

(c) Binomial Distribution 

Students should be able to: 

1. state the assumptions made in modelling data by a binomial distribution;

2. identify and use the binomial distribution as a  model of data, where appropriate;
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UNIT 1 
MODULE 2:   MANAGING UNCERTAINTY (cont’d) 

3. use the notation X ~ Bin (n, p), where n is the number of independent trials and p is the probability of a
successful outcome in each trial;

4. calculate and use the  mean and variance of a binomial distribution;

5. calculate the probabilities P(X = a),  P(X > a), P(X < a), P(X � a) , P(X � a), or any combination of  these,
where X ~ Bin (n, p).

CONTENT 

(c) Binomial Distribution 

(i) Conditions for discrete data to be modelled as a binomial distribution. 

(ii) Binomial distribution notation and probabilities. 

(iii) Expected value E(X), and variance Var(X), of the binomial distribution. 

SPECIFIC OBJECTIVES 

(d) Normal Distribution

Students should be able to: 

1. describe the main features of  the normal distribution;

2. use the normal distribution as a model of data, as appropriate;

3. use the notation X ~ N (µ, �2), where µ  is the population mean and � 2 is the population variance;

4. determine probabilities from tabulated values of the standard normal distribution Z ~ N (0, 1);

5. solve problems involving probabilities of the normal distribution using  z-scores;

6. explain the term ‘continuity correction’ in the context of a normal distribution approximation to a
binomial distribution;

7. use the normal distribution as an approximation to the binomial distribution, where appropriate
(np >5 and npq >5), and  apply a continuity correction.
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UNIT 1 
MODULE 2:   MANAGING UNCERTAINTY (cont’d) 

CONTENT 

(d) Normal Distribution

(i) Properties of the normal distribution. 

(ii) Normal distribution notation and probabilities. 

(iii) The standard normal distribution and the use of standard normal distribution tables. 

(iv) z-scores. 

(v) Normal approximation to the binomial distribution using a continuity correction. 

Suggested Teaching and Learning Activities 

To facilitate students’ attainment of the objectives of this Module, teachers are advised to engage students in 
the teaching and learning activities listed below. 

Most concepts in this Module are best understood by linking them to the data collected and concepts learnt in 
Module 1. 

Note 

Only simple arithmetic, algebraic and geometric operations are required for this Module (see operations on 
page 15). 

1. Probability Theory

The main emphasis is on understanding the nature of probability as applied to modelling and data
interpretation.

Concepts of possibility spaces and events may be motivated through the practical activities undertaken
in Sources of Data of Module 1.

Probability calculations and the properties of probability may be based on data obtained from student
activities carried out under Data Analysis of Module 1.

Examples:  Throwing dice, tossing coins, drawing coloured marbles from a bag.
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UNIT 1 
MODULE 2:   MANAGING UNCERTAINTY (cont’d) 

Discussions on the concepts of mutually exclusive and independent events using real world concepts 
should be encouraged. A variety of ways to represent mutually exclusive and independent events should 
be utilized.  

Many problems are often best solved with the aid of a Venn diagram, tree diagram or possibility space 
diagram. Therefore, candidates should be encouraged to draw diagrams as aids or explanations to the 
solution of problems.  

2. Random Variables

Class discussions and activities should be encouraged to clarify the concepts of discrete and continuous
random variables.

Examples:  Examples of discrete random variables include the number of televisions per household and the
number of people queuing at checkouts; while examples of continuous random variables include the
waiting times for taxis and heights of students.

It should be emphasized that, for continuous random variables, the area under the graph of a
probability density function is a measure of probability and note the important fact that P(X = a) = 0.

3. Binomial Distribution

The teaching of the binomial distribution could be introduced by the following classroom activities:

(a) the number of  heads  obtained when a coin is tossed 8 times; 

(b) the number of  sixes obtained from 10  throws of a die, where obtaining a six is considered as a 
success, and all other outcomes will be regarded as failures. 

4. Normal Distribution

This section can be introduced by discussing the concept of continuous random variables with particular
reference to the normal distribution.

Students should be made aware that a normal distribution N (µ, �2) is uniquely defined by its mean, µ,
and variance, �2.  The shape of the normal distribution for varying values of µ, and �2 could then be
explored.

It can be demonstrated that the binomial distribution may be approximated by the normal distribution.
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UNIT 1 
MODULE 2:   MANAGING UNCERTAINTY (cont’d) 

Example: 

Use a graphical calculator to study the graph of (p + q)n where 
p = 0.25, q = 0.75 and n = 3, 10, 25, 50, 100.  

Repeat the above activity with different values of (p + q) n where 
p < 0.25 and q > 0.75 or (p > 0.25) and (q < 0.75) and n = 3, 10, 25, 50, 100. 

Arithmetic, Algebraic and Geometric Operations required for this Module. 

Arithmetic  

1. Use of the operations +, �, �,  ÷  on  integers, decimals and fractions.

2. Knowledge of real numbers.

3. Simple applications of ratio, percentage and proportion.

4. Absolute value,   "a ".

Algebra 

1. Language of sets.

2. Operations on sets: union, intersection, complement.

3. Venn diagram and set notation.

4. Basic manipulation of simple algebraic expressions including factorisation and expansion.

5. Solutions of linear equations and inequalities in one variable.

6. Solutions of simultaneous linear equations in two variables.

7. Solutions of quadratic equations.

8. Ordered relations  < ,   >,    � ,    �    and their properties.

Geometry 

1. Elementary geometric ideas of the plane.
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2. Concepts of a point, line and plane.

3. Simple two-dimensional shapes and their properties.

4. Areas of polygons and simple closed curves.

RESOURCES 

Crawshaw, J. and A Concise Course in A-Level Statistics, Cheltenham: Stanley 
Chambers, J. Thornes Limited, 1994.  

Mahadeo, R. Statistical Analysis – The Caribbean Advanced Proficiency Examinations A 
Comprehensive Text, Trinidad and Tobago: Caribbean Educational Publishers 
Limited, 2007. 

Upton, G. and Cook, I.  Introducing Statistics, Oxford:  Oxford University Press, 2001. 



UNIT 1 
MODULE 3: ANALYSING AND INTERPRETING DATA 

GENERAL OBJECTIVES

O n completion o f this M odule, students should:

1. understand the uses of the sampling distribution and confidence intervals in providing information about 
a population;

2. understand the relevance o f tests o f hypotheses regarding statements about a population parameter;

3. appreciate that finding possible associations between variables and measuring their strengths are key
ideas o f statistical inference.

SPECIFIC OBJECTIVES

(a) Sam pling D istribution and E stim ation

Students should be able to:

2
, — — a —

1. use the fact that E ( X )  = and Var ( X )  = where X  is the sample mean, ^  the population
n

mean, a  the population variance and n the sample size;

2. apply the property that X  is normal if ^  is normal;

3. apply the Central Limit Theorem in situations where n > 30;

4. calculate unbiased estimates for the population mean, proportion or variance;

5. explain the term ‘confidence interval’ in the context of a population mean or proportion;

6. calculate confidence intervals for a population mean or proportion using a large sample (n a  30 ) drawn from a 

population of known or unknown variance.

CONTENT

(a) Sam pling D istribution and E stim ation

(i) Sampling distribution o f the mean and proportion.

(ii) Central Limit Theorem (no proof required).

(iii) Unbiased estimates.
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2
. —  — a —

1. use the fact that E ( X )  = V and Var ( X )  = where X  is the sample mean, ^  the population
n

mean, a  the population variance and n the sample size;

2. apply the property that X  is normal if ^  is normal;

V

(a) Sam pling D istribution and E stim ation

(i) Sampling distribution o f the mean and proportion.

(ii) Central Limit Theorem (no proof required).

(iii) Unbiased estimates.
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UNIT 1 
MODULE 3:   ANALYSING AND INTERPRETING DATA (cont’d)

(iv) Concept of confidence intervals. 

(v) Estimation of confidence intervals for a population mean or proportion. 

SPECIFIC OBJECTIVES 

(b) Hypothesis Testing 

Students should be able to: 

1. formulate a null hypothesis H0, and an alternative hypothesis H1;

2. apply a one-tailed test or  a two-tailed test, appropriately;

3. relate the level of significance to the probability of rejecting H0 given that H0 is true;

4. determine the  critical values from  tables for a given test and level of  significance;

5. identify the critical or rejection region for a given test and level of significance;

6. evaluate from sample data the test statistic for testing a population mean or  proportion;

7. apply a z-test for:

(i) a population mean when a sample is drawn from a normal distribution of known variance; 

(ii) a population proportion when a large sample (n � 30) is drawn from a binomial distribution, 
using a normal approximation to the binomial distribution with an appropriate continuity  correction; 

(iii) a population mean when a large sample (n � 30) is drawn from any other distribution of known 
or unknown variance, using the Central Limit Theorem. 

CONTENT 

(b) Hypothesis Testing 

(i) Null and alternative hypotheses. 

(ii) One-tailed and two-tailed tests. 

(iii) Level of significance. 
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UNIT 1 
MODULE 3:   ANALYSING AND INTERPRETING DATA (cont’d)

(iv) Critical values and critical regions. 

(v) Test statistic: normal test of a population mean or proportion. 

(vi) Hypothesis test for a population mean or proportion from a large sample.

SPECIFIC OBJECTIVES 

(c) t-test 

Students should be able to: 

1. evaluate the t-test statistic;

2. explain the term ‘degrees of freedom’ in the context of a t-test;

3. determine the appropriate number of degrees of freedom for a given data set;

4. determine probabilities from t-distribution tables;

5. apply a hypothesis test for a population mean using  a small sample (n < 30) drawn from a normal
population of unknown variance.

CONTENT 

(c) t-test 

(i) t-test statistic. 

(ii) Degrees of freedom. 

(iii) Use of t-test tables. 

(iv) Hypothesis test for a population mean from a small sample. 



UNIT 1 
MODULE 3: ANALYSING AND INTERPRETING DATA (cont’d) 

SPECIFIC OBJECTIVES

(d) X2'test

Students should be able to:
" (O- — E■'f' n O ?

1. evaluate the Chi-square test statistic to read % = \  — ------ -—  or % = \  —-----N  where Ot is
«  E i f t  E i

the observed frequency, E- is the expected frequency and N  is the total frequency;

2. explain the term ‘degrees of freedom’ in the context of a X2- test;

3. determine the appropriate number of degrees of freedom for a contingency table;

4. determine probabilities from x 2- tables;

5. apply a X2 test for independence in a contingency table (2X2 tables not included) where classes should be
combined so that the expected frequency in each cell is at least 5.

CONTENT

(d) x 1 'test

(i) X 2-test statistic.

(ii) Degrees of freedom.

(iii) Use of the X 2-tables.

(iv) Hypothesis test for independence in a contingency table.

SPECIFIC OBJECTIVES

(e) Correlation and Linear Regression - Bivariate Data

Students should be able to:

1. distinguish between dependent and independent variables;

2. draw scatter diagrams to represent bivariate data;

3. make deductions from scatter diagrams;

4. calculate and interpret the value of r, the product-moment correlation coefficient;
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or x ^ , y 9 L . N  where 0 ,  is
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UNIT 1 
MODULE 3: ANALYSING AND INTERPRETING DATA (cont’d)

5. justify the use of the regression line y on x or x on y in a given situation;

6. calculate regression coefficients for the line y on x or x on y;

7. give a practical interpretation of the regression coefficients;

8. draw the regression line of y on x or x on y passing through x , y on a scatter diagram;

9. make estimations using the appropriate regression line;

10. outline the limitations of simple correlation and regression analyses.

CONTENT

(e) Correlation and Linear Regression - Bivariate Data

(i) Dependent and independent variables.

(ii) Scatter diagrams.

(iii) Product moment correlation coefficient.

(iv) Regression coefficients and lines.

(v) Estimation from regression lines.

(vi) Limitations of simple correlation and regression analyses.

Suggested Teaching And Learning Activities

To facilitate students’ attainment of the objectives of this Module, teachers are advised to engage students in 
the teaching and learning activities listed below.

Teachers should use the data collected in Modules 1 and 2 to facilitate the attainment of the objectives of this 
Module. Classroom discussions and oral presentations of work done by students, individually or in groups, 
should be stressed at all times.
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x , y on a scatter diagram;



UNIT 1
MODULE 3: ANALYSING AND INTERPRETING DATA (cont’d)

1. Sampling Distributions a n d  E s t im a tio n

Shoppers often sample a plum to determine its sweetness before purchasing any. They decide from one plum what 
the larger bunch or lot will taste like. A  chemist does the same thing when he takes a sample of rum from a curing 
vat. He determines it is 90% proof, and infers that all the rum in the vat is 90% proof. If the chemist tests all of 
the rum, and the shopper tastes all the plum, there may be none to sell. Testing all of the product often destroys it 
and is unnecessary. To determine the characteristics of the whole we have to sample a portion.

Time is also a factor when managers need information quickly in order to adjust an operation or to change policy. 
Take an automatic machine that sorts thousands of pieces of m ail daily. Why wait for an entire day’s output to 
check whether the machine is working accurately? Instead, samples can be taken at specific intervals, and if 
necessary, the machine can be adjusted right away.

Recognise and use the sample mean X  as a random  variable.

Sam pling distributions o f data collected by students working in groups should be presented in tables 
and graphs. The emerging patterns should be discussed and used to explore the concepts and 
principles.

Example: Obtain the means from samples o f size 3 and construct a histogram o f the sample
means to illustrate the sampling distribution o f the mean.

Repeat the exercise with increasing sample sizes to illustrate the Central Lim it 
Theorem.

2. Confidence Intervals

Data collected from previous classroom activities on sampling distributions may be used to enhance 
students’ understanding o f the concept o f confidence levels and intervals.

Example: Determine the sample mean and sample standard deviation from random  samples o f
size 5 chosen from a population o f size 50. For each sample calculate a 95%  
confidence interval and determine the num ber o f confidence intervals which contain 
the population mean.

3. Hypothesis Testing

(a) Suppose a manager of a large shopping mall tells us that the average work efficiency of the employees is 
90%. How can we test the validity if  that manager’s claim or hypothesis? Using a  sampling method 
discussed, the efficiency of a sample could be calculated. If the sample statistic came out to 93%, would 
the manager’s statement be readily accepted? If the sample statistic were 43%, we may reject the claim as 
untrue. Using common sense the claim can either be accepted or rejected based on the results of the 
sample. Suppose the sample statistic revealed an efficiency of 83%. This is relatively close to 90%. Is it 
close enough to 90% for us to accept or reject the manager’s claim or hypothesis?
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3. Hypothesis Testing
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UNIT 1 
MODULE 3:   ANALYSING AND INTERPRETING DATA (cont’d)

Whether we accept or reject the claim we cannot be absolutely certain that our decision is correct.  
Decisions on acceptance or rejection of a hypothesis cannot be made on intuition. One needs to learn how 
to decide objectively, on the basis of sample information, whether to accept or reject a hypothesis. 

(b) Data collected from previous classroom activities on sampling distributions may be used to 
enhance students’ ability to apply a hypothesis test concerning a population mean or 
proportion from a large sample of known variance. 

4. t -test

Data collected from previous classroom activities on sampling distributions may be used to enhance
students’ ability to apply a hypothesis test for a population mean from a small sample of unknown
variance.

5. �2-test

Data collected from previous classroom activities on sampling distributions may be used to enhance
students’ ability to apply a hypothesis test for independence in a contingency table.

Example: Testing whether there is a relationship between sex and performance in Mathematics.

6. Correlation and Linear Regression – Bivariate Data

Information collected in Module 1 from the section Data Analysis can be applied to the concepts of
linear regression and correlation.

Students should become proficient in the use of computers or scientific calculators to perform statistical
calculations, as in obtaining regression estimates and correlation coefficients.

RESOURCES 

Crawshaw, J. and A Concise Course in A-Level Statistics,   Cheltenham:  Stanley Thornes 
Chambers, J.  Limited, 1994.    

Mahadeo, R. Statistical Analysis – The Caribbean Advanced Proficiency Examinations A 
Comprehensive Text, Trinidad and Tobago: Caribbean Educational Publishers 
Limited, 2007. 

Upton, G. and Cook, J. Introducing Statistics, Oxford: Oxford University Press, 2001. 
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� UNIT 2:  MATHEMATICAL APPLICATIONS
MODULE 1:   DISCRETE MATHEMATICS

GENERAL OBJECTIVES 

On completion of this Module, students should: 

1. understand the concept of linear programming to formulate models in a real-world context;

2. understand the terms, concepts and methods used in graph theory;

3. understand basic network concepts;

4. understand basic concepts  and applications of Boolean Algebra;

5. have the ability to employ truth table techniques to establish the validity of statements;

6. appreciate the application of discrete methods in efficiently addressing real-world situations.

SPECIFIC OBJECTIVES 

(a) Linear Programming 

Students should be able to: 

1. derive and graph linear inequalities in two variables;

2. determine whether a selected trial point satisfies a given inequality;

3. determine the solution set that satisfies a set of linear inequalities in two variables;

4. determine the feasible region of a linear programming problem;

5. identify the objective function and constraints of a linear programming problem;

6. determine a unique optimal solution (where it exists)  of a linear programming problem;

7. formulate linear programming models in two variables from real-world data.
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UNIT 2 
MODULE 1:   DISCRETE MATHEMATICS (cont’d)

CONTENT 

(a) Linear Programming 

(i) Graphical representation of linear inequalities in two variables. 

(ii) Solution set for linear inequalities in two variables. 

(iii) Formulation of linear programming models from real-world data. 

 SPECIFIC OBJECTIVES 

(b )   Ass ignment Models  

Students should be able to: 

1. model a weighted assignment (or allocation) problem as an m x n matrix (where m is the number of rows and n is
the number of columns);

2. convert non-square matrix models to square matrix models with the addition of rows or columns of dummy entries
that take the maximum (minimum) value of all entries in the minimisation (maximisation) assignment problem;

3. convert a maximisation assignment problem into a minimisation problem (by changing the sign of each entry);

4. solve a minimisation assignment problem (of complexity 5 x 5 or less) by the Hungarian algorithm.  (The
convention of reducing rows before columns will be followed.

CONTENT 

(b )  Assignment Models  

(i) Models of assignment problems. 

(ii) Maximum and minimum assignment problems. 

(iii) Hungarian algorithm. 
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UNIT 2 
MODULE 1:   DISCRETE MATHEMATICS (cont’d)

SPECIFIC OBJECTIVES 

(c )  Graph Theory  and Crit ica l  Path Analys i s  

Students should be able to: 

1. identify the vertices and sequence of edges that make up a path;

2. determine the degree of a vertex;

3. use networks as models of real-world situations;

4. use the activity network algorithm in drawing a network diagram to model a real-world problem
(activities will be represented by vertices and the duration of activities by edges);

5. calculate the earliest start time, latest start time, earliest finish time, latest finish time and float time;

6. identify the critical path in an activity network;

7. use the activity network in decision making

8. use networks as models of real-world situations;

9. use the activity network algorithm in drawing a network diagram to model a real-world problem
(activities will be represented by vertices and the duration of activities by edges);

10. calculate the earliest start time, latest start time and float time;

11. identify the critical path in an activity network;

12. use the critical path in decision making.

CONTENT 

(c)  Graph Theory and Critical Path Analysis 

(i) Graph theory terminology:  vertex, edge, path, degree (of a vertex). 

(ii) Earliest and latest starting times, float time. 

(iii) Networks. 

(iv) Critical path. 



CXC A9/U2/07 27 

UNIT 2 
MODULE 1:   DISCRETE MATHEMATICS (cont’d)

SPECIFIC OBJECTIVES 

(c) Logic and Boolean Algebra 

Students should be able to: 

1. formulate (in symbols or in words):

(i) simple propositions, 

(ii) the negation of simple propositions, 

(iii) compound propositions, 

(iv)  compound propositions that involve conjunctions, disjunctions and  negations, 

(v) conditional and bi-conditional propositions; 

2. establish the truth value of:

(i) the negation of simple propositions, 

(ii) compound propositions that involve conjunctions, disjunctions and negations, 

(iii) conditional and bi-conditional propositions; 

3. state the converse, inverse and contrapositive of implications of propositions;

4. use truth tables to:

(i) determine whether a proposition is a tautology or a contradiction, 

(ii) establish the truth values of the converse, inverse and contrapositive of  propositions, 

(iii) determine if propositions are equivalent; 

5. use the laws of Boolean algebra (idempotent, complement, identity, commutative, associative, distributive,
absorption,  de Morgan’s Law) to simplify Boolean expressions;

6. derive a Boolean expression from a given switching or logic circuit;



               CXC A9/U2/07 28 

UNIT 2 
MODULE 1:   DISCRETE MATHEMATICS (cont’d)  

7. represent a Boolean expression by a switching or logic circuit;

8. use switching and logic circuits to model real-world situations.

CONTENT 

(d) Logic  and Boolean Algebra 

(i) Algebra of propositions. 

(ii) Truth tables. 

(iii) Converse, inverse and contrapositive of propositions. 

(iv) Tautologies and contradictions. 

(v) Logical equivalencies and implications. 

(vi) Application of algebra of propositions to mathematical logic. 

(vii) Boolean Algebra. 

(viii) Application of Boolean algebra to switching and logic circuits. 

Suggested Teaching and Learning Activities 

To facilitate students’ attainment of the objectives of this Module, teachers are advised to engage students in 
the teaching and learning activities listed below. 

Critical Path Analysis 

The critical path in an activity network has proven to be very useful to plan, schedule and control a wide variety 
of activities and projects in real-world situations.  These projects include construction of plants, buildings, 
roads, the design and installation of new systems, finding the shortest route in a connected set of roads, 
organizing a wedding, and organizing a regional cricket competition.  

Staying on the critical path in an activity network designed for the construction of a building, for example, 
ensures that the building is completed as scheduled. 

This topic is appropriate for the project work a student may be required to do.  For example, a student could 
design an activity network for a local community project (a small building) and establish the critical path to 
ensure that this building is completed as scheduled within a given budget. This same technique could be 
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employed to map out the shortest route from the airport to the local cricket field in a small village – another 
project! 

Below is an example of one activity. 

Discuss the route of a postman in a community with a crisscross of streets and houses situated on both sides of 
the street.  Plan the route that best serves to save on time and avoid returning along the same street.  A simple 
diagram may be used. 

RESOURCES 

Bloomfield, I. and Stevens, J. Discrete & Decision, Cheltenham: Nelson and Thornes, 2002. 

Bloomfield, I. and Stevens, J. Discrete & Decision, Cheltenham:  Teacher Resource File, 
2002. 

Bolt, B. and Hobbs, D. 101 Mathematical Projects: A Resource Book,  U.K.:  
Cambridge University Press, 1994. 

Bryant, V.   Advancing Mathematics for AQA Discrete Mathematics I, 
Oxford:  Heinemann Educational Publishers, 2001. 

Peter, G. W. (Ed.) Discrete Mathematics, Oxford: Heinemann Educational, 
1992. 

Ramirez, A.  and Perriot, L. Applied Mathematics, Barbados: Caribbean Examinations 
Council, 2004. 
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UNIT 2 
MODULE 2:   PROBABILITY AND DISTRIBUTIONS 

GENERAL OBJECTIVES 

On completion of this Module, students should: 

1. apply counting techniques and calculus in probability;

2. appreciate that probability models can be used to describe real-world situations;

3. apply appropriate distributional approximations to data;

4. assess the appropriateness of distributions to data.

SPECIFIC OBJECTIVES 

(a) Probability 

Students should be able to: 

1. calculate the number of selections of n distinct objects taken  r  at a  time, with or without restrictions;

2. calculate the number of ordered arrangements of n objects taken r at a time, with or without
restrictions;

3. calculate probabilities of events (which may be combined by unions or intersections) using appropriate  counting
techniques;

4. calculate and use probabilities associated with conditional, independent or mutually exclusive events.

CONTENT 

(a) Probability 

(i) Counting principles. 

(ii) Concept of probability. 

(iii) Union and intersection of events. 

(iv) Conditional, independent and mutually exclusive events. 



UNIT 2
MODULE 2: PROBABILITY AND DISTRIBUTIONS (cont’d)

SPECIFIC OBJECTIVES

(b) Discrete Random Variables

Students should be able to:
n

1. apply the properties: O ^  P ( X  =  x , ) ^ l ,  a n d  ^  P ( X  =  x ; )  =  1 for all x t;

2. formulate and use the probability function f(x) = P(X=x) where f  is a simple polynomial or rational 
function;

3. calculate and use the expected values and variance of linear combinations of independent random variables;

4. model practical situations in which the discrete uniform, binomial, geometric or Poisson distributions 
are suitable;

5. apply the formulae:

(i) P ( X  =  JC) =  — , where x = X1, X 2 , ..............Xn
n

(ii) P ( X  =  x ) = " C xp xq n~x , x  =0, 1, 2, 3 ,......n

(iii) P { X  =  x )  =  q x Xp  , where X =  \ , 2 , 3 ,

T, X  - k

(iv) P (A r =  x )  = -------- , x = 0, 1, 2, 3, ...
x!

to calculate probabilities in the discrete uniform, binomial, geometric or Poisson distributions 
respectively;

6. use the formulae for E(X) and Var(X) where X  follows a discrete uniform, binomial, geometric or 
Poisson distribution;

7. use the Poisson distribution as an approxim ation to the binom ial distribution, where appropriate 
(n >  50 and n p <  5).
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n

1. apply the properties: O ̂  P ( X  =  x , ) ^ l ,  a n d  ̂  P ( X  =  x ; )  =  1 for all x t;

(i) P ( X  =  JC) =  — , where x = X 1,X 2,........... Xn
n

(ii) P ( X  =  x ) = " C xp xq n~x , x  =0, 1, 2, 3 ,........... n

(iii) P { X  =  x )  =  q x Xp  , where X =  \ , 2 , 3 ,

T X - A

(iv) P (A r =  x )  = -------- , x = 0, 1, 2, 3, ...
x!

(n> 50 and np< 5).

_ 1

n

7=1

(i) P ( X  =  x )



UNIT 2
MODULE 2: PROBABILITY AND DISTRIBUTIONS (cont’d)
CONTENT

(b) Discrete R andom  Variables

(i) Probability function  of a discrete random  variable.

(ii) Expectation and variance o f a linear combination o f independent random variables.

(iii) Special discrete distributions: uniform, binomial, geometric and Poisson.

(iv) Poisson approximation to binomial distribution.

SPECIFIC OBJECTIVES

(c) C ontinuous R andom  Variables

Students should be able to:

1. apply the properties o f the probability density function f  o f a continuous random variable X

i. f ( x )  *  0
+0 0

ii. J f  ( x ) d x  = 1
- 0 0

where f  is a probability density function ( f  will be restricted to simple polynomials);
X

2. use the cumulative distribution function F ( x )  = P ( X  * x )  = J*f ( t ) d t  \
- 0 0

b
3. use the result P ( a < X < ,  b )  = J f ( x ) d x  = F ( b ) - F  (a ) ;

a

4. calculate expected value, variance, median and other quartiles;

5. solve problems involving probabilities o f the normal distribution using Z — scores;

6. use the normal distribution, w ith  a continuity correction, to approximate the Poisson distribution, as appropriate (
A  > 15).

CONTENT

(c) C ontinuous R andom  Variables

(i) Properties of a continuous random  variable.

(ii) Probability density function and cumulative distribution function.
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i. / o )  s  o
+00

ii. Jf  ( x ) d x  = 1
- 0 0

X

F(x)  =  P ( X  <s jc) =  j f ( t ) d t  ;
- 0 0

b
3. use the result P ( a < X < ,  b )  = J f ( x ) d x  = F { b ) - F  (a ) ;

a

6. use the normal distribution, w ith  a continuity correction, to approximate the Poisson distribution, as appropriate (
A  > 15).

(iii) Special discrete distributions: uniform, binomial, geometric and Poisson.

2. use the cumulative distribution function
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UNIT 2 
MODULE 2:   PROBABILITY AND DISTRIBUTIONS (cont’d)  

(iii) Expectation and variance of a continuous random variable. 

(iv) Medians, quartiles and percentiles. 

(v) The normal distribution. 

(vi) Normal approximation to the Poisson distribution. 

SPECIFIC OBJECTIVE 

(d) �2-test 

Students should be able to carry out a Chi-square (�2) goodness-of-fit test, with appropriate number of degrees of freedom. 
(Only situations modelled by a discrete uniform, binomial, geometric, Poisson or normal distribution will be tested.  Classes should 
be combined in cases where the expected frequency is less then 5).  Cases requiring the use of Yates’ continuity correction will not 
be tested.

CONTENT 

(d) �2-test 

Goodness–of–fit test. 

Suggested Teaching and Learning Activities 

To facilitate students’ attainment of the objectives of this Module, teachers are advised to engage students in 
the teaching and learning activities listed below. 

1. Probability

While teaching counting principles, the concepts of independence and mutually exclusive events should be
introduced.

2. Discrete Random Variables

Computation of expected values and variances will not entail lengthy calculations or the summation of
series.

The difference between discrete and continuous random variables could be illustrated by using real life situations.
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UNIT 2 
MODULE 2:   PROBABILITY AND DISTRIBUTIONS (cont’d)  

3. Continuous Random Variables

Students may need to be introduced to the integration of simple polynomials.

RESOURCES 

Chambers, J., and Crawshaw, J. A Concise Course in Advanced Level Statistics, Cheltenham: 
Stanley Thornes Limited, 2001. 

Graham, G. and Cook, I. Introducing Statistics:  Oxford:  Oxford University Press, 
2001. 
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UNIT 2 
MODULE 3:   PARTICLE MECHANICS   

GENERAL OBJECTIVES 

On completion of this Module, students should: 

1. understand forces and their applications;

2. understand  the concepts of work, energy and power;

3. appreciate the application of mathematical models to the motion of a particle.

SPECIFIC OBJECTIVES 

(a) Coplanar Forces and Equilibrium 

Students should be able to: 

1. identify forces (including gravitational forces) acting on a body in a given situation;

2. use vector notation to represent forces;

3. represent the contact force between two surfaces in terms of its normal and frictional component;

4. calculate the resultant of two or more coplanar forces;

5. resolve forces, on particles, in mutually perpendicular directions (including those on inclined planes);

6. use the principle that, for a particle in equilibrium, the vector sum of its forces is zero, (or equivalently the sum of
its components in any direction is zero);

7. use the appropriate relationship F = µR or  F  � µR for two bodies in limiting equilibrium;

8. solve problems involving concurrent forces in equilibrium, (which may involve the use of Lami’s Theorem).

CONTENT

(a) Coplanar Forces and Equilibrium 

(i) Vectors.  

(ii) Resolution of forces. 

(iii) Forces as Vectors. 



UNIT 2
MODULE 3: PARTICLE MECHANICS (cont’d)

(iv) C oncurren t forces in equilibrium.

(v) Friction.

(vi) Lam i’s Theorem.

SPECIFIC OBJECTIVES

(b) Kinematics and Dynamics

Students should be able to:
1. distinguish between distance and displacement, and speed and velocity;
2. draw and use displacement-time and velocity-time graphs;
3. calculate and use displacement, velocity, acceleration and tim e in simple equations representing the

m otion of a particle in a straight line;

4. apply N ew ton’s laws of m otion to:
(i) a constant mass moving in a straight line under the action of a constant force,
(ii) a particle moving vertically or on an inclined plane (rough or smooth) w ith constant acceleration,
(iii) a system of two connected particles (problems may involve particles moving in a straight line or 

un der gravity, or particles connected by a light, inextensible string passing over a fixed, 
sm ooth, light pulley);

5. apply where appropriate the following rates of change:
dx . v = —  = x dt
d 2x dv dv ..a = — — = —  = v —  = xdt dt dx

where X , X , X represent displacement, velocity and acceleration respectively;
6. form ulate and solve first order differential equations as models of the linear m otion of a particle w hen 

the applied force is proportional to its displacem ent or its velocity (only differential equations where 
the variables are separable will be required);

7. apply the principle of conservation of linear m om entum  to the direct im pact o f two inelastic particles 
moving in the same straight line. (Knowledge of impulse is required. Problems may involve two-dimensional 
vectors).
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d 2x dv dv .. a = — — = —  = v —  = x dt dt dx
where X , X , X

dx . v = —  = x dt

(i) a constant mass moving in a straight line under the action of a constant force,
(ii) a particle moving vertically or on an inclined plane (rough or smooth) w ith constant acceleration,
(iii) a system of two connected particles (problems may involve particles moving in a straight line or 

un der gravity, or particles connected by a light, inextensible string passing over a fixed, 
sm ooth, light pulley);

2. draw and use displacement-time and velocity-time graphs;
3. calculate and use displacement, velocity, acceleration and tim e in simple equations representing the

m otion of a particle in a straight line;
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UNIT 2 
MODULE 3:   PARTICLE MECHANICS (cont’d)

CONTENT 

(b) Kinematics and Dynamics 

(i) Kinematics of motion in a straight line. 

(ii) Velocity-time and displacement-time graphs. 

(iii) Newton’s laws of motion. 

(iv) Displacement, velocity and acceleration. 

(v) First-order differential equations for motion of a particle in a straight line. 

(vi) Linear momentum. 

(vii) Impulse. 

SPECIFIC OBJECTIVES 

(c) Projectiles 

Students should be able to: 

1. model the projectile of a particle moving under constant gravitational force (neglecting air resistance);

2. formulate the equation of the trajectory of a projectile. (Problems may involve velocity expressed in vector notation);

3. use the equations of motion for a projectile to determine:

(i) the magnitude and direction of the velocity of the particle at any time, t; 

(ii) the position of the projectile at any time, t; 

(iii) the time of flight and the horizontal range of the projectile; 

(iv) the maximum range; 

(v) the greatest height. 
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UNIT 2 
MODULE 3:   PARTICLE MECHANICS (cont’d) 

CONTENT 

(c) Projectiles 

(i) Modelling the projectile of a particle (including the use of vectors). 

(ii) Properties of a projectile. 

SPECIFIC OBJECTIVES 

(d)      Work, Energy and Power 

Students should be able to: 

1. calculate the work done by a constant force;

2. calculate the work done by a variable force in one-dimension;

3. solve problems involving  kinetic energy and gravitational potential energy;

4. apply the principle of conservation of energy;

5. solve problems involving power;

6. apply the work-energy principle in solving problems.

CONTENT 

(d) Work, Energy and Power 

(i) Work done by a constant force. 

(ii) Work done by a variable force. 

(iii) Kinetic and potential energy. 

(iv) Principle of conservation of energy. 

(v) Power. 

(vi) Work-energy principle.  



UNIT 2
MODULE 3: PARTICLE MECHANICS (cont’d)

Suggested Teaching and Learning Activities

To facilitate students’ attainment o f the objectives o f this M odule, teachers are advised to engage students in 
the teaching and learning activities listed below.

1. COPLANAR FORCES A N D  E Q U I L I B R I U M  

V ectors

Teachers are advised to ensure that students have practice in dealing with vectors (see Module 2 Unit 1 of the Pure 
Mathematics syllabus) in order to represent a  force as a  vector.

Resolution of Forces

Consider two vectors a, b which have the same initial point O  as in the figure below. Com plete the 

parallelogram O A C B  as shown by the dotted lines. Draw the diagonal O C  and denote the vector OC by c.

X

The vector c represents the resultant of the vectors a  and b. Conversely, the vectors a , b can be regarded as the components 

of c. In other words, starting with the parallelogram O A CB, the vector O C is  said to be resolved into vectors OA 

and O B .

Let OA= a  and O B=b and OC = C

By the parallelogram law OC= OA+ OB= a + b
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Let OA= a  and O B=b and OC = C

OC= OA+ OB = a + b
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UNIT 2 
MODULE 3:   PARTICLE MECHANICS (cont’d) 

Classroom Activity 

Resource material: 2 pulleys, string, weights, a sheet of paper, 3 spring balances. 

Students should be allowed to experiment with a system of three spring balances as illustrated in the figure 
below to investigate the resultant, resolution and equilibrium of forces. 

Examples  inc lude:   

(i) body is any object to which a force can be applied;  

(ii) part ic le  is a body whose dimensions, except mass, are negligible.  

Forces acting on a particle in equilibrium are equivalent to a single force acting at a common point. 

spring balance 

weight 

smooth pulley 
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MODULE 3: PARTICLE MECHANICS (cont’d)

Diagrams are not in sequence to examples, the fixed point O  is not shown in parallelogram OACB and points B and A are 
not correctly labelled.

See example below.

►  *

Let OA = a and OB=b and OC=c

By the parallelogram law OC= OA+ OB= a + b 

Forces

Students should be m ade aw are o f the defin itions used in M echan ics.

Exam ples include:

(i) body is any object to which a force can be applied;
(ii) particle is a body whose dim ensions, except mass, are negligible;
(iii) w eight is the force with which the earth attracts the body. It acts at the body’s centre of gravity and is always

vertically downwards;
(iv) a  light body is considered to be weightless;
(v) p u ll an d  push  (P) are forces which act on a body at the point(s) where they are applied;
(vi) norm al reaction  (R) is a force which acts on a body in contact with a surface. It acts in a direction at right

angles to the surfaces in contact.

Drawing Force Diagrams

Drawing a clear force diagram is an essential first step in the solution o f any problem in mechanics which is 
concerned with the action o f forces on a body.
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Let OA = a and OB=b and OC=c

y

C
B

O
A

By the parallelogram law OC= OA+ OB= a + b

ly’s centre of gravity and is always 

e applied;
face. It acts in a direction at right 

problem in mechanics which is
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UNIT 2 
MODULE 3:   PARTICLE MECHANICS (cont’d) 

Important points to remember when drawing force diagrams: 

1. make the diagram large enough to show clearly all the forces acting on the body and to enable any
necessary geometry and trigonometry to be done;

2. show only forces which are acting on the body being considered;

3. weight always acts on the body unless the body is described as light;

4. contact with another object or surface gives rise to a normal reaction and sometimes friction;

5. attachment to another object (by string, spring, hinge) gives rise to a force on the body at the point of
attachment;

6. forces acting on a particle act at the same point;

7. check that no forces have been omitted or included more than once.

Some examples  that  can be used to  demonstrate  the above points  are  l i s ted be low. 

1. Draw a diagram of a uniform ladder or beam resting on rough horizontal ground and leaning against a rough
(smooth) vertical, with the figure of a man some way up the ladder. Show the forces acting on the ladder and on the
man.

2. Draw a diagram of an inclined plane on which a body is placed and is about to be pulled up the plane
by a force acting at an angle to the inclined plane. The plane may be smooth or rough. Show all the
forces acting on the body. The system may also be considered as the body about to move down the
plane.

3. Draw a diagram of a large smooth sphere of weight W resting inside a smooth cylinder and held in
place by a small smooth sphere of weight, w. Show the forces acting on the large sphere and on the
small sphere.

4. Draw diagrams showing forces acting on a block of wood which is

(a) sliding down a rough inclined plane at steady speed; 
(b) accelerating down a rough plane. 

5. Draw a diagram showing the forces acting on a car which is driven up an incline at steady speed.

6. Draw a diagram of a car towing a caravan on level road and show the forces acting on the car and on
the caravan.

7. Show the forces acting if air resistance is present when a stone is thrown through the air.
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UNIT 2 
MODULE 3:   PARTICLE MECHANICS (cont’d)

8. A man is standing alone in a moving lift. Draw a diagram to show the forces acting on:

(a) the man; 
(b) the lift, when it is accelerating upwards; 
(c) the lift, when it is travelling at steady speed; and 
(d) the lift, when it is accelerating downwards. 

9. A railway engine is pulling a train up an incline against frictional resistances. If the combined engine
and train are experiencing a retardation, draw diagrams to show the forces acting on the engine and
forces acting on the train.

2. KINEMATICS AND DYNAMICS

Definitions 

Displacement is the position of a point relative to a fixed origin O. It is a vector.  The SI Unit is the metre (m). 
Other metric units are centimeter (cm), kilometer (km). 

Velocity is the rate of change of displacement with respect to time. It is a vector. The SI Unit is metre per 
second (m s –1). Other metric units are cm s –1, kmh–1. 

Speed is the magnitude of the velocity and is a scalar quantity. 

Uniform velocity is the constant speed in a fixed direction. 

Average velocity – change in displacement 
    time taken 

Average speed – total distance travelled 
time taken 

Acceleration is the rate of change of velocity with respect to time. It is a vector.  The SI Unit is metre per 
second square (m s–2).  Other metric units are cm s –2, km h –2. 

Negative acceleration is also referred to as retardation. 

Uniform acceleration is the constant acceleration in a fixed direction. 

Motion in one dimension – When a particle moves in one dimension, that is, along a straight line, it has only 
two possible directions in which to move. Positive and negative signs are used to identify the two directions. 

Vertical motion under gravity – this is a special case of uniform acceleration in a straight line. The body is 
thrown vertically upward, or falling freely downward. This uniform acceleration is due to gravity and acts 
vertically downwards towards the centre of the earth. It is denoted by g and may be approximated by 9.8 m s –2 
or 10 m s –2. 
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Graphs in Kinematics

A displacement-time graph for a body moving in a straight line shows its displacement x from a fixed point on 
the line plotted against time, t. The velocity v of the body at time, t is given by the gradient of the graph since

dx

dt^“ V .

The displacement-time graph for a body moving with constant velocity is a straight line. The velocity, v of the 
body is given by the gradient of the line.

The displacement-time graph for a body moving with variable velocity is a curve.
The velocity at any time, t may be estimated from the gradient of the tangent to the curve at that time. The 
average velocity between two times may be estimated from the gradient of the chord joining them.

Velocity-time graph for a body moving in a straight line shows its velocity v plotted against time, t.
dv

The acceleration, a of the body at time, t is given by the gradient of the graph at t, since O = ——.at
The displacement in a time interval is given by the area under the velocity-time graph for that time interval 

f2

since % = J * v d t .

n

The velocity-time graph for a body moving with uniform acceleration is a straight line. The acceleration of the 
body is given by the gradient of the line.

Particle Dynamics

Force is necessary to cause a body to accelerate. More than one force may act on a body. If the forces on a body 
are in equilibrium, then the body may be at rest or moving in a straight line at constant speed.

If forces are acting on a body, then the body will accelerate in the direction of the resultant force. Force is a 
vector; that is, it has magnitude and direction. The SI Unit is the newton (N). One newton is the force needed 
to give a body a mass of 1 kg an acceleration of 1 ms -2.

Mass and Weight are different. The mass of a body is a measure of the matter contained in the body. A massive 
body will need a large force to change its motion. The mass of a body may be considered to be uniform, 
whatever the position of the body, provided that no part of the body is destroyed or changed.

Mass is a scalar quantity; that is, it has magnitude only. The SI Unit of mass is the kilogram (kg). However, for 
heavy objects it is sometimes more convenient to give mass in tonnes, where 1 tonne = 1000 kg.
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sinceX=J ydt.
n

= v
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The weight of a body is the force with which the earth attracts that body. It is dependent upon the body’s 
distance from the centre of the earth, so a body weighs less at the top of M ount Everest than it does at sea level.

Weight is a vector since it is a force. The SI U nit of weight is the newton (N).
The weight, W, in newtons, and mass, m, in kilograms, of a body are connected by the relation W  = mg, where 
g is the acceleration due to gravity, in m s -2.

Newton’s three laws of motion are the basis of the study of mechanics at this level.

1st Law: A body will remain at rest or continue to move in a straight line at constant speed unless an external 
force acts on it.

(a) If a body has an acceleration, then there must be a force acting on it.

(b) If a body has no acceleration, then the forces acting on it must be in equilibrium.

2nd Law: The rate of change of m om entum  of a moving body is proportional to the external forces acting on it 
and takes place in the direction of that force. W hen an external force acts on a body of uniform  mass, the force 
produces an acceleration which is directly proportional to the force.

(a) The basic equation of m otion for constant mass is

Force = mass X acceleration
(in N) (in kg) (in m s -2)

(b) The force and acceleration of the body are both in the same direction.

(c) A  constant force on a constant mass gives a constant acceleration.

3rd Law: If a body, A  exerts a force on a body, B, then B exerts an equal and opposite force on A. These forces
between bodies are often called reactions. In a rigid body the internal forces occur as equal and opposite pairs
and the net effect is zero. So only external forces need be considered.

The following are im portant points to remember when solving problems using N ewton’s laws of motion:

(a) Draw a clear force diagram.

(b) If there is no acceleration, that is, the body is either at rest or moving with uniform  velocity,
then the forces balance in each direction.

(c) If there is an acceleration:

(i) use the symbol to represent it on the diagram,
(ii) write, if possible, an expression for the resultant force,
(iii) use Newton’s 2nd law, that is, write the equation of motion: F = ma
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Force = mass X acceleration
(in N) (in kg) (in m s -2)
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MODULE 3:   PARTICLE MECHANICS (cont’d) 

Connected Particles 

Two particles connected by a light inextensible string which passes over a fixed light smooth (frictionless) pulley 
are called connected particles. The tension in the string is the same throughout its length, so each particle is 
acted upon by the same tension.  

Problems concerned with connected particles usually involve finding the acceleration of the system and the 
tension in the string.  

To solve problems of this type: 

(i) draw a clear diagram showing the forces on each particle and the common acceleration; 

(ii) write the equation of motion, that is, F = ma for each particle separately; 

(iii) solve the two equations to find the common acceleration, a, and possibly the tension, T, in the string. 

Systems may include: 

(i) one particle resting on a smooth or rough horizontal table with a light inextensible string attached and 
passing over a fixed small smooth pulley at the edge of the table and with its other end attached to 
another particle which is allowed to hang freely; 

(ii) as in (i), two light inextensible strings may be attached to opposite ends of a particle resting on a 
smooth or rough horizontal table and passing over fixed small smooth pulleys at either edge of the 
table and with their other ends attached to particles of different masses which are allowed to hang 
freely; 

(iii) one particle resting on a smooth or rough inclined plane and attached to a light inextensible string 
which passes over a fixed small smooth pulley at the top of the incline and with its other end attached 
to another mass which is allowed to hang freely. 

3. WORK, ENERGY AND POWER

Work may be done either by or against a force (often gravity). It is a scalar. When a constant force F moves its 
point of application along a straight line through a distance s, the work done by F is F.s.  The SI Unit of work 
is the joule (J). One joule is the work done by a force of one newton in moving its point of application one 
metre in the direction of the force. 

Energy is the capacity to do work and is a scalar.  The SI Unit of energy is the joule (the same as work). 

A body possessing energy can do work and lose energy. Work can be done on a body and increase its energy, 
that is, work done = change in energy. 
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Kinetic and Potential Energy - are types of mechanical energy.

(a) Kinetic energy (K.E.) is due to a body’s motion. The K.E. of a body of mass, m, moving with velocity, v,
• 1 2 is —mv .

2

(b) Gravitational Potential Energy (G.P.E.) is dependent on height. The P.E. of a body of mass m at a 
height h,

(i) above an initial level is given by mgh,

(ii) below an initial level is given by - mgh.

The P.E. at the initial level is zero (any level can be chosen as the initial level).

Mechanical Energy - (M.E.) of a particle (or body) = P.E. + K.E. of the particle (or body).

M.E. is lost (as heat energy or sound energy) when we have: - resistances (friction) or impulses (collisions or 
strings becoming taut).

Conservation of Mechanical Energy - The total mechanical energy of a body (or system) will be conserved if

(a) no external force (other than gravity) causes work to be done, and

(b) none of the M.E. is converted to other forms. Given these conditions:

P.E. + K.E. = constant 
or loss in P.E. = gain in K.E. 
or loss in K.E. = gain in P.E.

Power - is the rate at which a force does work. It is a scalar. The SI Unit of power is the watt (W). One watt
(W) = one joule per second (J s -1). The kilowatt (kW), 1 kW = 1000 W is used for large quantities.

When a body is moving in a straight line with velocity v m s -1 under a tractive force F newtons, the power of 
the force is P = Fv.

Moving vehicles - The power of a moving vehicle is supplied by its engine. The tractive force of an engine is the 
pushing force it exerts.
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• 1 2 is —mv . 
2

Power - is the rate at which a force does work. It is a scalar. The SI Unit of power is the watt (W). One watt 
(W) = one joule per second (J s -1). The kilowatt (kW), 1 kW = 1000 W is used for large quantities.
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To solve problems involving moving vehicles:

1. draw a clear force diagram, (non-gravitational resistance means frictional force);

2. resolve forces perpendicular to the direction of motion;

3. if the velocity is:

(a) constant (vehicle moving with steady speed), then resolve forces parallel to the direction of 
motion;

(b) not constant (vehicle accelerating), then find the resultant force acting and write the equation 
of motion in the direction of motion.

4. Use power = tractive force x speed.

Common situations that may arise are:

(a) vehicles on the level moving with steady speed, v;

(b) vehicles moving on the level with acceleration, a, and instantaneous speed, v;

(c) vehicles on a slope of angle, a  moving with steady speed, v, either up or down the slope;

(d) vehicles on a slope moving with acceleration, a and instantaneous speed, v, up or down the
slope.

Impulse and Momentum

The impulse of a force F, constant or variable, is equal to the change in momentum it produces. If a force, F 
acts for a time, t, on a body of mass, m, changing its velocity from u to v then Impulse = mv - mu.

Impulse is the time effect of a force. It is a vector and for a constant force F acting for time, t; 
impulse = Ft.

h

For a variable force, F acting for time, t, impulse = $ F d <
h

The SI Unit of impulse is the newton second (Ns).

The momentum of a moving body is the product of its mass m and velocity v that is, mv. It is a vector whose 
direction is that of the velocity and the SI Unit of momentum is the newton second (Ns).

Conservation of Momentum: The principle of conservation of momentum states that the total momentum of 
a system is constant in any direction provided no external force acts in that direction.
Initial momentum = final momentum. In this context a system is usually two bodies.
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h

For a variable force, F acting for time, t, impulse = $ F d <
h

The SI Unit of impulse is the newton second (Ns).

(a) vehicles on the level moving with steady speed, v;

(b) vehicles moving on the level with acceleration, a, and instantaneous speed, v;



CXC A9/U2/07 49 

UNIT 2 
MODULE 3:   PARTICLE MECHANICS (cont’d) 

Problem solving 

Problems concerning impulse and momentum usually involve finding the impulse acting or the velocity on the 
mass of a body of a system. 

To find an impulse for such a system write the impulse equation on each body. 
To find a velocity or mass for such a system write the equation of the conservation of momentum. 

Direct Impact – takes place when two spheres of equal radii are moving along the same straight line and 
collide. 

Direct Impact with a Wall - When a smooth sphere collides directly with a smooth vertical wall, the sphere’s 
direction of motion is perpendicular to the wall. The sphere receives an impulse perpendicular to the wall. 
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� OUTLINE OF ASSESSMENT

A candidate’s performance is reported as an overall grade and a grade on each Module.  The assessment 
comprises two components, one external and one internal. 

EXTERNAL ASSESSMENT            (80%) 

The candidate is required to sit a multiple choice paper and a written paper for a total of 4 hours. 

Paper 01 
(1 hour 30 minutes)           

This paper comprises forty-five compulsory multiple 
choice items, 15 from each module.  Each item is worth 1 
mark. 

30% 

Paper 02 
(2 hours 30 minutes)          

This paper comprises six compulsory extended-response 
questions. 

50% 

INTERNAL ASSESSMENT (20%) 

Internal Assessment in respect of each Unit will contribute 20% to the total assessment of a candidate’s 
performance on that Unit. 

Paper 03A for Unit 1 

This paper is intended for candidates registered through schools. 

The Internal Assessment comprises a project designed and internally assessed by the teacher and externally 
moderated by CXC.   It may take the form of mathematical modelling, investigations, applications or statistical 
surveys. 

Paper 03A for Unit 2 

This paper is intended for candidates registered through a school or other approved institution. 

The paper consists of a project requiring candidates to: 

(i) apply mathematical concepts and skills (acquired by the candidate) to probe, describe and explain common 
everyday occurrences  or some phenomenon of interest to the candidate; 

(ii) think in  mathematical terms  about how the associated tasks are being carried out. 
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Paper 03B (Alternative to Paper 03A), examined externally 

This paper is an alternative for Paper 03A and is intended for private candidates.  The paper comprises three 
questions.  The duration of the paper is 1� hours.  In Unit 1, the three questions collectively span the syllabus.  In 
Unit 2, each question is based on the topics contained in one Module. 

MODERATION OF INTERNAL ASSESSMENT 

Each year an Internal Assessment Record Sheet will be sent to schools submitting candidates for the examinations. 

All Internal Assessment Record Sheets and samples of assignments must be submitted to CXC by May 31 of the year of the 
examination. A sample of assignments must be submitted to CXC for moderation purposes.  The projects will be re-assessed 
by CXC Examiners who moderate the Internal Assessment. The teacher’s marks may be adjusted as a result of the 
moderation. The Examiners’ comments will be sent to the teacher. 

Copies of the candidates’ assignments must be retained by the school until three months after publication by CXC of the 
examination results. 

ASSESSMENT DETAILS 

External Assessment by Written Papers (80% of Total Assessment) 

Paper 01 (1 hour 30  minutes - 30% of Total Assessment) 

1. Composition of papers

(i) This paper consists of forty-five multiple choice items and is partitioned into three sections 
(Module 1, 2 and 3).   Each section contains fifteen questions. 

(ii) All items are compulsory. 

2. Syllabus Coverage

(i) Knowledge of the entire syllabus is required. 

(ii) The paper is designed to test candidates’ knowledge across the breadth of the syllabus. 

3. Question Type

Questions may be presented using words, symbols, tables, diagrams or a combination of these.

4. Mark Allocation

(i) Each item is allocated 1 mark. 

(ii) Each Module is allocated 15 marks.  
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(iii) The total number of marks available for this paper is 45. 

(iv) This paper contributes 30% towards the total assessment. 

5. Award of Marks

Marks will be awarded for reasoning, algorithmic knowledge and conceptual knowledge.

Reasoning: Clear reasoning, explanation and/or logical argument. 

Algorithmic knowledge: Evidence of knowledge, ability to apply concepts and 
skills, and to analyse a problem in a logical manner. 

Conceptual knowledge:  Recall or selection of facts or principles; computational 
skill, numerical accuracy and acceptable tolerance in 
drawing diagrams. 

6. Use of Calculators

(i) Each candidate is required to have a silent non-programmable calculator and is  responsible for 
its functioning. 

(ii)  The use of calculators with graphical displays will not be permitted. 

(iii) Answers found by using a calculator, without relevant working shown, may not be awarded full 
marks. 

(iv) Calculators must not be shared during the examination. 

Paper 02 (2 hours  30 minutes - 50% of Total Assessment) 

1. Composition of Paper

(i) This paper consists of six questions, two questions from each Module.  

(ii) All questions are compulsory.  A question may require knowledge of several topics in a 
Module.  However, all topics in  a Module may not be given equal emphasis. 

2. Syllabus Coverage

(i) Each question may require knowledge from more than one topic in the Module from which 
the question is taken and will require sustained reasoning. 

(ii) Each question may address a single theme or unconnected themes. 
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3. Question Type

(i) Questions may require an extended response. 

(ii) Questions may be presented using words, symbols, diagrams, tables or combinations of these. 

4. Mark Allocation

(i) Each question is worth 25 marks. 

(ii) The number of marks allocated to each sub-question will appear in brackets on the 
examination paper. 

(iii) Each Module is allocated 50 marks. 

(iv) The total marks available for this paper is 150. 

(v) The paper contributes 50% towards the final assessment. 

5. Award of Marks

(i) Marks will be awarded for reasoning, algorithmic knowledge and conceptual knowledge. 

Reasoning: Clear reasoning, explanation and/ or logical 
argument. 

Algorithmic knowledge: Evidence of knowledge, ability to apply  concepts 
and skills, and to analyse a problem in a logical 
manner. 

Conceptual knowledge:  Recall or selection of facts or principles; 
computational skill, numerical accuracy and 
acceptable tolerance in drawing diagrams. 

(ii) Full marks are awarded for correct answers and the presence of appropriate working. 

(iii) It may be possible to earn partial credit for a correct method where the answer is incorrect. 

(iv) If an incorrect answer in an earlier question or part-question is used later in a section or a 
question, then marks may be awarded in the later part even though the original answer is 
incorrect.  In this way, a candidate is not penalized twice for the same mistake. 

(v) A correct answer given with no indication of the method used (in the form of written work) 
will receive no marks.  Candidates are, therefore, advised to show all relevant working. 
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6. Use of Calculators

(i) Each candidate is required to have a silent non-programmable calculator and is   responsible 
for its functioning.

(ii) The use of calculators with graphical displays will not be permitted. 

(iii) Answers found by using a calculator, without relevant working shown, may not be  awarded 
full marks.

(iv) Calculators must not be shared during the examination. 

7. Use of Mathematical Tables

A booklet of mathematical formulae will be provided.

INTERNAL ASSESSMENT 

Internal Assessment is an integral part of student assessment in the course covered by this syllabus.  It is intended to 
assist students in acquiring certain knowledge, skills, and attitudes that are associated with the subject.  The 
activities for the Internal Assessment are linked to the syllabus and should form part of the learning activities to 
enable the student to achieve the objectives of the syllabus. 

During the course of study for the subject, students obtain marks for the competence they develop and 
demonstrate in undertaking their Internal Assessment assignments.  These marks contribute to the final marks and 
grades that are awarded to students for their performance in the examination. 

The guidelines provided in this syllabus for selecting appropriate tasks are intended to assist teachers and students 
in selecting assignments that are valid for the purpose of Internal Assessment.  The guidelines provided for the 
assessment of these assignments are intended to assist teachers in awarding marks that are reliable estimates of the 
achievement of students in the Internal Assessment component of the course.  In order to ensure that the scores 
awarded by teachers are not out of line with the CXC standards, the Council undertakes the moderation of a 
sample of the Internal Assessment assignments marked by each teacher. 

Internal Assessment provides an opportunity to individualise a part of the curriculum to meet the needs of 
students.  It facilitates feedback to the student at various stages of the experience.  This helps to build the self-
confidence of students as they proceed with their studies.  Internal Assessment also facilitates the development of 
the critical skills and abilities emphasised by this CAPE subject and enhance the validity of the examination on 
which candidate performance is reported.  Internal Assessment, therefore, makes a significant and unique 
contribution to both the development of relevant skills and the testing and rewarding of students for the 
development of those skills. 

The Caribbean Examinations Council seeks to ensure that the Internal Assessment scores are valid and reliable 
estimates of accomplishment.  The guidelines provided in this syllabus are intended to assist in doing so. 
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CRITERIA FOR THE INTERNAL ASSESSMENT (Paper  03A) 

Unit 1 

This paper is compulsory and consists of a project. 

1. The aims of the project are to:

(i) develop candidates’ personal insights into the nature of statistical analysis; 

(ii) develop candidates’ abilities to formulate their own questions about statistics; 

(iii) encourage candidates to initiate and sustain a statistical investigation; 

(iv) provide opportunities for all candidates to show, with confidence, that they have mastered the 
syllabus; 

(v) enable candidates to use the methods and procedures of statistical analysis to describe or 
explain real-life phenomena. 

2. Requirements

(i) The project is written work based on personal research or investigation involving collection, 
analysis and evaluation of data. 

(ii) Each project should include: 

(a) a statement of the task; 

(b) description of method of data collection; 

(c) presentation of data; 

(d) analysis of  data or measures; 

(e) discussion of findings. 

(iii) The project may focus on mathematical modelling, investigations, statistical applications or 
surveys. 

(iv) Teachers are expected to guide candidates in choosing appropriate projects that relate to their 
interests and mathematical expertise. 

(v) Candidates should make use of mathematical and statistical skills from any of the  Modules. 
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3. Integration of Project into the Course

(i) The activities related to project work should be integrated into the course so as to enable 
candidates to learn and practise the skills of undertaking a successful project. 

(ii) Some time in class should be allocated for general discussion of project work.  For example, 
discussion of how data should be collected, how data should be analysed and how data should 
be presented. 

(iii) Class time should also be allocated for discussion between teacher and student, and student 
and student. 

4. Management of Project

(i) Planning 

An early start to planning project work is highly recommended and the schedule of the dates 
for submission should be developed by teachers and candidates.  

(ii) Length 

The length of the report of the project should be between 1500 and 2000 words excluding diagrams, 
graphs, tables and references.  A total of 10 percent of the candidate’s score will be deducted for any 
research paper in excess of 2200 words (excluding diagrams, graphs, tables and references).  If a deduction 
is to be made from a candidate’s score, the teacher should clearly indicate on the assignment the 
candidate’s original score before the deduction is made, the marks which are to be deducted, and the final 
score that the candidate receives after the deduction has been made. 

(iii) Guidance 

Each candidate should know the requirements of the project and its assessment process. 

Although candidates may consult with resource persons besides the teacher the candidates 
submission should be his or her own work. 

Candidates are not expected to work on their own.  The teacher is expected to give appropriate 
guidance at all stages of project work, for example, chapters to read, alternative procedures to 
follow and other sources of information. 

(iv) Authenticity 

Teachers are required to ensure that all projects are the candidates’ work. 

The recommended procedures are to: 

(a) engage candidates in discussion; 
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(b) ask candidates to describe procedures used and summarize findings either orally or 
written; 

(c) ask candidates to explain specific aspects of the analysis.  

 ASSESSMENT CRITERIA FOR THE PROJECT 

General  

It is recommended that candidates be provided with assessment criteria before commencing the project. 

(i) The following aspects of the project will be assessed: 

(a)  project title; 

(b)  purpose of project; 

(c) method of data collection; 

(d) analysis of data; 

(e) statistical Knowledge; 

(f) communication of Information; 

(g) presentation of Data; 

(h) discussion of findings; 

(i) conclusion; 

(j) list of references. 

(ii) For each component, the aim is to find the level of achievement reached by the candidate. 

(iii) For each component, only whole numbers should be awarded. 

(iv) It is recommended that the assessment criteria be available to candidates at all times. 

ASSESSING THE PROJECT 

The project will be graded out of a total of 20 marks and marks will be allocated to each task as outlined below. 
Candidates will be awarded 2 marks for communicating information in a logical way using correct grammar.  These marks 
are awarded under Task 7 below. 
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Project  Descr iptors  

1 . Pro ject  Tit le [1]  

� Title is clear and concise, and relates to the project ......................................... (1)

2. Purpose  of  Project [2]  

�  Purpose stated  (1) 
� Appropriate variables identified ...................................................................... (1) 

3 . Method of  Data Col lect ion [2]  

� Data collection method clearly described ......................................................... (1) 
� Data collection method is appropriate and without flaws ..............................  (1)

4. Presentat ion of  Data [3]  

� At least one table and one graph/chart used .................................................. (1) 
� Data clearly written, labelled, unambiguous and systematic ........................... (1) 
� Graphs, figures, tables and statistical/mathematical symbols used 

appropriately ................................................................................................... (1) 

5 . Stat i s t ica l  Knowledge/Analys i s  o f  Data [5]  

� Appropriate use of statistical concepts demonstrated ....................................... (1) 
� Accurate use of statistical concepts demonstrated ........................................... (1) 
� Some analysis attempted ................................................................................. (1) 
� Analysis is coherent ......................................................................................... (1) 
� Analysis used a variety (two or more) of approaches ....................................... (1) 

6 . Discuss ion of  Findings/Conclus ion [4]  

� Statement of most findings are clearly identified ............................................. (1) 
� Statements follow logically from the data gathered .......................................... (1) 
� Conclusion based on findings and related to purposes of project ..................... (1) 
� Conclusion is valid .......................................................................................... (1) 

7 . Communicat ion of  Information [2]  

� Communicates information in a logical way using correct grammar, statistical 
jargon and symbols most of the time ............................................ ................... (2) 

� Communicates information in a logical way using correct 
grammar, statistical jargon and symbols some of the time .................................(1) 
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8. List  o f  References [1]  

� References relevant, up-to-date, written using a consistent convention ............. (1) 

TOTAL 20 MARKS 
Unit  2 

This paper is compulsory and consists of an assignment. 

1. The aims of the assignment are to:

(i) enable the student to explore possibilities; 

(ii) develop mathematical ideas and communicate the findings to others using mathematical tools, language 
and symbols. 

2. Requirements

A. At each stage of the task, the candidate must describe and explain clearly his/her actions and thinking.  He/she
must show all data (preferably in a table or chart or diagram or as a set of symbols, equations and inequalities),
attempt to process or analyse data using mathematical skills and available technology, and then present the finding
in some appropriate way using mathematical tools such as graphs, charts, equations and inequalities.

Finally, the candidate should assess how well he/she dealt with the topic mathematically, and also determine if the
way in which the mathematical skills were applied and mathematical thinking was carried out, may be extended to
other situations and contexts.

The assignments may take the form of: 

(i) a piece of practical work; 

(ii) a simulation of a phenomenon (The effects of a vaccine on the spread of influenza x); 

(iii) solving a mathematical problem; 

(iv) solving a problem encountered in life; 

(v) investigating social phenomena; 

(vi) describing (or explaining or predicting) a process and its product; 

(vii) doing probability experiments (carrying out an investigation into probabilities with dice or  calculator, or 
computer; 

(viii) doing explorations within mathematics; 

(ix) investigating mathematical principles using simulation; 
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(x) problems derived from any area covered in the syllabus. 

B.  As far as possible the assignment should relate the content of the Discrete Mathematics to AT LEAST ONE of the 
other two Modules. 

C.  During the identification-of-the-topic stage, the candidate should be required to: 

(i) list most of the mathematics he/she expects to use in engaging the topic; and 

(ii) ensure that there is substantial mathematical content in his/her work. 

D. Teachers are expected to guide candidates in choosing appropriate projects that relate to candidates’ interests and 
mathematical expertise. 

E.  Candidates should make use of mathematical and statistical skills contained in all three Modules. 

F .  The report should contain between 1500 and 2000 words and should include the following: 

(i) statements describing the problem to be engaged and specifying and delimiting the tasks to be undertaken; 

(ii) the major ways used to collect data and to probe and analyse, or study or explain the tasks and subtasks; 

(iii) statements of the findings and identification of their validity and limitations. 

3. Integrat ion of  pro ject  into  the course

(i) The activities related to the Project should be integrated into the course so as to enable students to learn 
and practise the skills of undertaking and completing a successful project. 

(ii) Some time in class should be allocated for general discussion of project work. 

(iii) Class time should also be allocated for discussion between teacher and students, and student 
and student. 

4. Management o f  Pro ject

(i) P lanning 

An early start to planning project work is highly recommended and the schedule of the dates 
for submission should be developed by teachers and candidates.  

(ii) Length 

The length of the report of the assignment should be between 1500 and 2000 words excluding diagrams, 
graphs, tables and references.  A total of 10 percent of the candidate’s score will be deducted for any 
research paper in excess of 2200 words (excluding diagrams, graphs, tables and references).  If a deduction 
is to be made from a candidate’s score, the teacher should clearly indicate  on the assignment the 
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candidate’s original score before the deduction is made, the marks which are to be deducted, and the final 
score that the candidate receives after the deduction has been made. 

(iii) Guidance  

Each candidate should be provided with the requirements of the assignment and its assessment process. 

Although candidates may consult with resource persons besides the teacher the candidates 
submission should be his or her own work. 

Candidates are not expected to work on their own.  The teacher is expected to give appropriate 
guidance at all stages of project work, for example, chapters to read, alternative procedures to 
follow and other sources of information. 

(iv) Authent ic i ty  

Teachers are required to ensure that all assignments are the candidates’ work. 

The recommended procedures are to: 

(a) engage  candidates in discussion; 

(b) require candidates to describe procedures used and summarize findings either orally  or written; 

(c) require candidates to replicate parts of the analysis.  

ASSESSMENT CRITERIA FOR THE PROJECT 

General 

It is recommended that candidates be provided with an assessment criterion before commencing the 
Assignment. 

(i) The following aspects of the assignment will be assessed: 

(a) statement of tasks; 

(b) data collected; 

(c) mathematical knowledge; 

(d) evaluation; 

(e) communication. 

(ii) For each component, the aim is to ascertain the level of achievement reached by the candidate. 
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(iii) For each component, fractional marks should not be awarded. 

(iv) It is recommended that the assessment criteria be available to candidates at all times. 

ASSESSING THE PROJECT 

The project is graded out of a total of 20 marks  and marks are allocated to each task as outlined below.  Candidates will 
be awarded 2 marks  for communicating information in a logical way using correct grammar.  These marks are awarded 
under Task 5 below. 

Ass ignment Descr iptors  

1 . Statement of  Task [3]  

• Clear statement of task, definition of the variables involved and description
     of the plan for carrying out task (and mathematics involved)……………….......... (3) 

• Clear statement of task and definition of the variables involved………………….. (2) 

• Produces a very limited statement of task (one or two short sentences)…………… (1) 

• No statement of task…………………………………………............................ (0) 

2 . Data Col lected [3]  

• Clear evidence of doing relate to the statement of the mathematics:  including
investigating or experimenting or modelling or designing or interpreting or
analysing or solving…………………………………………………………….. (3) 

• Partial evidence of doing purposeful mathematics:  including investigating or
experimenting or modelling or designing or interpreting or analysing

or solving……………………………………………………………………….
(2) 

• Limited evidence of doing purposeful mathematics:  including investigating
or experimenting or modelling or designing or interpreting or analysing or
solving………………………………………………………………………….. (1) 

3 . Mathematica l  Knowledge/Analys i s [4]  

• Carries out simple mathematical processes correctly, employs and
accurately integrates these techniques.  Use of techniques………………………….

(4) 

• Carries out simple mathematical processes correctly,
employs and accurately use more sophisticated techniques………………………...

(3) 

(2) 
• Carries out simple mathematical processes correctly and
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employs more sophisticated techniques…………………………………………... 

• Carries out simple mathematical processes correctly…………………………........ (1) 

4. Evaluat ion [5]  

• Conclusion clearly stated………………………………………………………... (1) 

• Conclusion related to the purpose of the task…………………………………….. (1) 

• Conclusion is valid……………………………………………………………… (1) 

• Insights into the nature of and the resolution of problems encountered in the
tasks…………………………………………………………………………… (1) 

• Insights into the nature of and the resolution of problems encountered in the
tasks…………………………………………………………………………… (1) 

5. Communicat ion of  Information [5]  

(a)  Correct grammar (2) 

• Communicates information in a logical way using correct grammar
most of the time………………………………………………………............ 2 

• Communicates information in a logical way using correct grammar
some of the time…………………………………………………………....... 1 

(b )  Appropriate mathematical language (3) 

• Systematically recording actions using appropriate mathematical
language (symbols, notation) and representations (tables, charts,

figures)…………
3 

• Structure the report by recording actions at each stage using mathematical
Language and representations……………………………………………… 2 

• Attempt at recording actions at some stages………………………………… 1 

For exceeding the word limit of 2000 words, deduct 10 percent of the candidate’s score. 

TOTAL 20 MARKS 
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GENERAL GUIDELINES FOR TEACHERS 

1. Marks must be submitted to CXC on a yearly basis on the Internal Assessment forms provided.  The
forms should be dispatched through the Local Registrar for submission to  CXC by May 31 in Year 1
and May 31 in Year 2.

2. The Internal Assessment for each year should be completed in duplicate.  The original should be
submitted to CXC and the copy retained by the school.

3. CXC will require a sample of the assignment for external moderation.  Additional assignments
may be required.  These assignments must be retained by the school for at least three months
after publication of examination results.

4. Teachers should note that the reliability of marks awarded is a significant factor in Internal
Assessment, and has far-reaching implications for the candidate’s final grade.

5. Candidates who do not fulfill the requirements of the Internal Assessment will be considered
absent from the whole examination.

6. Teachers are asked to note the following:

(i) the relationship between the marks for the assignments and those submitted to CXC on the 
internal assessment form should be clearly shown; 

(ii) the standard of marking should be consistent. 

� REGULATIONS FOR PRIVATE CANDIDATES
Candidates who are registered privately will be required to sit Paper 01, Paper 02 and Paper 03B.  Paper 03B will be 1�
hours’ duration and will contribute 20% of the total assessment of a candidate’s performance on that Unit.

The paper consists of three questions which are designed to test the candidates’ skills and abilities to:

1) recall, select and use appropriate facts, concepts and principles in a variety of contexts;

2) manipulate mathematical expressions and procedures using appropriate symbols and language, logical  deduction
and inferences;

3) simplify and solve statistical/mathematical models.
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� REGULATIONS FOR RE-SIT CANDIDATES

Candidates who have achieved a moderated score of at least 50% of the maximum score of the Internal 
Assessment may opt to register as a ‘Re-sit’ candidate.   

Re-sit candidates must rewrite Papers 01 and 02 of the examination for the year in which they re-register.  Re-sit 
candidates may elect not to repeat the Internal Assessment component provided they re-write the examination 
no later than two years following their first attempt.   

Candidates who have obtained less than 50% of the marks for the Internal Assessment component must repeat 
the component at any subsequent sitting.   

Re-sit candidates must be entered through a school or approved educational institutions. 

� ASSESSMENT GRID
The Assessment Grid for this Unit contains marks assigned to papers and to Modules, and percentage
contributions of each paper to total scores.

Papers Module 1 Module 2 Module 3 Total (%) 

External Assessment 

Paper 01  
(1 hour 30 minutes) 
Multiple Choice 

15 
(30 weighted) 

15 
(30 weighted) 

15 
(30 weighted) 

45 
(90 weighted) 

(30) 

Paper 02  
(2 hours 30 minutes) 
Extended Response 

50 50 50 150 (50) 

Internal Assessment 

Papers 03A or 03B  
(1 hour 30 minutes) 

20 20 20 60 (20) 

Total 100 100 100 300 (100) 



♦ APPLIED MATHEMATICS NOTATION
The following list summarizes the notation used in Applied M athematics papers o f the Caribbean Advanced 
Proficiency Examinations.

Set Notation

e
g

is an element o f 
is not an element o f

{x: ...} the set o f all x such that .
n(A) the num ber o f elements in set A
0 the empty set
U the universal set
A' the com plem ent o f the set A

W the set o f whole numbers {0, 1, 2, 3, ...}
N the set o f natural numbers {1, 2, 3, . }
Z the set o f integers

Q the set o f rational numbers

Q the set o f irrational numbers

R the set o f real numbers
C the set o f complex numbers
c is a subset o f

<t is not a subset o f
u union
n intersection
[a, b] the closed interval {x e R : a < x < b}
(a, b) the closed interval {x e R : a < x < b}
[a, b) the interval {x e R : a < x < b}
(a , b] the interval {x e R : a < x < b}
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e

g
{x: . }
n(A )
0
U
A'
W
N
Z

Q

Q
R
C
c

<t
u
n
[a, b] 
(a , b) 
[a , b) 
(a , b]



MISCELLANEOUS SYMBOLS
= is identical to
»  is approximately equal to
°c is proportional to
»  infinity

Operations
n

X :
i-l

I x I
n!

nc

Xi X2 . . .  Xn

the modulus of the real number x 
n factorial, 1* 2 * 3* ...* n, for n e N  (0! = 1)

the binomial coefficient,

ii l

n!

( n - r ) r !
, for n e R , 0 < r < n

( « - / ) !
nP

Functions

Ax, 5x an increment of x

. J /
QX the derivative of y with respect to x

y(ri> the nth derivative of y with respect to x
dxT’
f(x),f"U), ,f<n)U)
X X  . . . .’ the first and second derivatives of x with respect to time
e the exponential constant
ln x the natural logarithm of x (to base e)
lg x the logarithm of x to base i0

Logic

p, q, r propositions
A conjunction
v (inclusive) disjunction
~ negation
^  conditionality

bi-conditionality 
^  implication
^  equivalence
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♦

n

I1

Logic

p, q, r
A
V

Functions

Ax, 5x

dx V

d y  yin)

d s ’ y
f(x),f"U),
X, X

e
ln x
lg x

is identical to 
is approximately equal to 
is proportional to 
infinity

A
V

o

propositions
conjunction
(inclusive) disjunction
negation
conditionality
bi-conditionality
implication
equivalence

an increment of x

the derivative of y with respect to x 

the nth derivative of y with respect to x

the first, second, ..., nth derivatives of f(x) with respect to x

the first and second derivatives of x with respect to time
the exponential constant
the natural logarithm of x (to base e)
the logarithm of x to base 10

the first, second, . ,  nth derivatives of f(x) with respect to x

Func

Ax, 6x 
dy 
dx 
dny  
d f  

fU), 
x, x
e
ln x
lg x

r



T, 1 
F, 0

AND gate

O R gate

N O T gate
true
false

Probability and Statistics

S
A, B, .
P(A)
P(A)
P(A | B) 
X , Y, R .
x, y, r . 
x1, x2 , . 
f1, f2, ••• 
f(x)
F(x)
E(X)
Var(X)
V
X

o2

“2O

Bin(n, p) 
Po(A) 
N(v, o2)

N(v, o2) 
Z 
$

2

the possibility space 
the events A , B, .
the probability of the event A  occurring
the probability of the event not occurring
the conditional probability o f the event A  given the event B
random variables
values of the random variable X , Y, R . 
observations
the frequencies with which the observations x1 , x2 , . occur
the probability density function of the random variable X
the value of the cumulative distribution function of the random variable X
the expectation of the random variable X
the variance of the random variable X
the population mean

the sample mean 
the population variance 
the sample variance

an unbiased estimate of the population variance 
the linear product-moment correlation coefficient 
the binomial distribution, parameters n and p 
the Poisson distribution, mean and variance A 
the normal distribution, mean ^ and variance o2

2
the normal distribution, mean ^ and variance o2 read <7 
standard normal random variable
cumulative distribution function of the standard normal distribution N(0, 1)

the chi-squared distribution with v degrees of freedom 

the t-distribution with v degrees of freedom

2s

r
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Vectors

a, a, 
a
I a |

a . b 
i, j , k 
( X\

y
z

AB vectors
a unit vector in the direction of a
the magnitude of a
the scalar product of a and b
unit vectors in the direction of the cartesian coordinate

xi + ĵ +

Mechanics

x displacement
v, X  velocity
a, V , X  acceleration
H the coefficient of friction
F force
R normal reaction
T tension
m mass
g the gravitational constant
W work
P power
I impulse

Western Zone Office
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axes

zk

displacement
velocity
acceleration
the coefficient of friction 
force
normal reaction
tension
mass
the gravitational constant
work
power
impulse
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Answer ALL questions. 
 
1. (a)  A survey is to be carried out to determine voter preference for the candidates in a 

parliamentary by-election.  An electoral list for the constituency records the 
names of 3 502 eligible voters.  Four possible methods, A, B, C and D, which are 
suggested for choosing a sample of 350 voters for the survey, are stated below.  

    A. Select the names randomly from the electoral list. 
    B. Divide the electoral list by polling district and select names at random 

from within each polling district in proportion to the size of the polling 
district. 

    C. Select a name randomly from the electoral list, and then every 10th name 
thereafter. 

    D. Visit each of the 10 polling districts within the constituency and 
interview 35 eligible voters that are willing to be interviewed. 

 
    (i) State which ONE of the methods would result in a sample that is MOST 

representative of the population. [1 mark ] 
    (ii) Name each of the sampling methods A, B, C and D. [4 marks] 
    (iii) Give TWO possible reasons why a sample survey, as opposed to a 

census, is chosen in this case. [2 marks] 
 
  (b) The time (to the nearest tenth of a minute) it takes each of 20 randomly chosen 

persons to vote at a polling station on election day is recorded in the table below. 
  
 4.0 7.0 7.2 7.3 7.3 7.5 7.8 7.9 8.0 8.1 

 8.2 8.4 8.5 8.6 8.7 8.8 8.8 9.0 9.1 9.3 
 
 
     (i) Determine the 
      a) mean [2 marks] 
      b) mode [2 marks] 
      c) median [2 marks] 
      d) upper and lower quartiles [3 marks] 
 
    (ii)  a) Describe how the quartiles and median could be used, without the 

need for a diagram, to determine the skewness of the distribution.  
        [2 marks] 
      b) Hence, or otherwise, comment on the skewness of the 

distribution. 
        [2 marks] 
 
      Total 20 marks 
�
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2. The following contingency table summarises the responses of a random sample of 500 
persons to a survey on consumer preference for three brands of cereal P, Q and R. 

 

  Brand   

 Age Group (Years) P Q R Total  

 13 – 19 45 16 13 74  

 20 – 29 98 91 24 213  

 30 – 44 33 70 29 132  

 over 45 26 12 43 81  

 Total 202 189 109 500  

 
  (a) Calculate the probability that a randomly chosen person from the survey 
    (i) is in the 30 – 44 age group AND prefers cereal brand R [3 marks] 
    (ii) is in the 20 – 29 age group OR prefers cereal brand Q [3 marks] 
   (iii) does NOT prefer cereal brand P [3 marks] 
    (iv) is NOT in the 13 – 19 age group, given that he or she prefers cereal  brand P.  
        [4 marks] 
 
  (b) A F2- test is carried out to determine whether there is an association between the 

age and cereal brand preference of the consumers. 
    (i) For this significance test, state 
      a) an appropriate null hypothesis [1 mark ] 
      b) the number of degrees of freedom [2 marks] 
      c) the critical value at the 2.5% level of significance [1 mark ] 
      d) a formula that may be used for calculating the test statistic.  [1 mark ] 
    (ii) Calculate the expected number of persons in the survey aged over 45 

years and having a preference for cereal brand P, if the null hypothesis is 
true. 

       [2 marks] 
 
      Total 20 marks  
�
�
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3. The level of nitrogen oxides in the emission gases of a certain model of truck has a 
normal distribution with mean 0.52 g km –1 and standard deviation 0.22 g km –1. 

 
  (a) Show that the probability of the emission level of a randomly chosen truck being 

greater than 0.55 g km –1 is approximately 0.446. [6 marks] 
 
  (b) Hence, calculate the probability that EXACTLY 9 out of 20 randomly chosen 

trucks have emission levels that are greater than 0.55 g km –1. [5 marks] 
 
  (c) A company has 100 trucks of this model in its fleet. 

    (i) Name the distribution of the mean level of nitrogen oxides, X , for these 
100 trucks, giving its expected value and variance. [4 marks] 

    (ii) Hence, calculate P( X > 0.55). [5 marks] 
 
      Total 20 marks  
 

END OF TEST 
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READ  THE  FOLLOWING  DIRECTIONS  CAREFULLY

Each item in this test has four suggested answers lettered (A), (B), (C), (D).  Read each item you are
about to answer and decide which choice is best.

Sample Item

What is the resultant acceleration if a net force of 3.0 N is applied to a mass of 2.0 kg?

Sample Answer
(A) 0.67 ms-2

(B) 1.5 ms-2 A     B     C     D
(C) 6.0 ms-2

(D) 9.8 ms-2

The best answer to this item is “1.5 m/s2”, so answer space (B) has been blackened.
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Items 1 - 2 refer to the following graph. (not
drawn to scale)

x

A B

C
O

y

1. Which of the following systems can possibly
be represented by the graph above?

(A) 8x + y – 7 ≥ 0
y – 3 ≥  0
x,  y ≥  0

(B) 8x + y – 7 < 0
y – 3 < 0
x, y  ≥  0

(C) 8x + y – 7 ≤ 0
 y – 3 < 0
x, y  ≥  0

(D) 8x + y – 7 ≤ 0
y – 3 ≤ 0
x, y  ≥  0

2. If the system is derived from a
maximization problem and there are many
optimal solutions, then elements in the
solution set could be

(A) A and O
(B) B and C
(C) C and O
(C) A and C

3. In a minimisation problem, the objective
function is stated as

Minimise C = 3x + 2y

subject to the following constraints

2x + 3y ≥15
4x + 2y ≥ 17
x ≥ 0
y ≥ 0

The optimal solution would be

(A) (0,0)
(B) (2.625, 3.25)
(C) (0, 8.5)
(D) (7.5, 0)

4. Which of the following is a true statement?

  I. Optimal solutions are always unique
 II. Optimal solutions are always found

inside the feasible region
III. Optimal solutions are boundary

points

(A) I only
(B) II only
(C) III only
(D) I and II

5. In the truth table below a and b, are simple
propositions.

a b ?
0 0 1 
0 1 1 
1 0 0 
1 1 0 

Column 3 represents the proposition

(A)   a
(B)   b
(C) ~a
(D) ~b

MODULE 1: DISCRETE MATHEMATICS
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6. Complete the truth table below.

p q p � q q � p (p � q) !(q � p) 
0 0 1 1 1 
0 1 w 0 0 
1 0 0 x 0
1 1 1 1 y

(A) w = 0 x = 0 y = 0
(B) w = 0 x = 1 y = 1
(C) w = 1 x = 0 y = 1
(D) w = 1 x = 1 y = 1

Item 7 refers to the following information.

Let p = ‘It is raining’
Let q = ‘I am carrying an umbrella’
Let r = ‘I am on holiday’

7. The proposition ‘If it is raining, then I am on
holiday and not carrying an umbrella’ in
symbols would be

(A) p ⇒ (r ∨ ~q)
(B) p ⇒ (r Λ q)
(C) p ⇒ (r Λ ~q)
(D) p ⇒ ( r ∨ q)

8. The statement ~(p ∨ ~q) ⇒ ~p is

(A) a tautology
(B) a contradiction
(C) not a tautology or a contradiction
(D) equivalent to (p ∨ ~q)

9. While simplifying, b Λ (~a Λ (a ∨ c)) the
following steps were followed

Step I:   b Λ [(~a Λ a ) ∨ (~a Λ c)]
Step II:   b Λ [0 ∨ (~a Λ c)]
Step III:  b Λ ~a Λ c

Steps I, II and III, in that order, are justified
by

(A) the distributive, commutative and
complement laws

(B) the distributive, complement and
identity laws

(C) the complement,  identity and
distributive laws

(D) the complement, distributive and
identity laws

Items 10 - 11 refer to the following table.

The following table illustrates the activities
required to complete a task.

Activity Immediate 
Predecessors

Time 
(hours)

A - 5 
B - 1 
C B 2 
D B 1 
E A, C 3 
F E 1 
G C 1 
H C, D, G 6 

10. Which of the following is NOT true?

   I. A and B can be done simultaneously
  II. G must be completed before C
 III D must start after H

(A) I only
(B) II only
(C) I and II
(D) II and III

11. From start time, how many hours would
it take to complete Activity G?

(A) 3
(B) 4
(C) 5
(D) 6
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12. For the diagram below, find the critical path.

(A) A,C,E,F
(B) A,B,D,F
(C) B,D,F
(D) A, C, D, F

Items 13 - 14  refer to the network below.

Which shows the journey times, in hours,
between the points A, B, C, D and E.

13. What is the shortest journey time between A
and E?

(A) 18
(B) 16
(C) 8
(D) 12

14. The degree of the vertex E is

(A) 0
(B) 1
(C) 2
(D) 3

5

C
2 E

FA

B D
2

5

3

4

B
6

EA

C D
45

2

7
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16. The number of different arrangements of the
letters of the word APPLIED is

(A) 5040
(B) 2520
(C)   720
(D) 1260

17. Four persons are to be selected from 6 men
and 5 women to represent their country at a
tennis tournament.  The number of ways in
which the 4 persons can be selected so as to
contain exactly 3 men is

(A) 100
(B)   20
(C) 330
(D) 120

18. Ten per cent of all bolts manufactured by a
company are defective.  A quality control
inspector randomly selects six from the
production line. The probability that exactly
two of these bolts are defective is

(A) ( ) ( )41.029.02
6C

(B)

(C) ( ) ( )49.021.02
6C

(D)

V W X Y 
A 4 0 0 16 
B 12 0 6 0 
C 0 0 4 10 
D 9 1 0 2 

( ) ( )9.021.02
6C

( ) ( )21.09.02
6C

19. Which of the following is NOT a
characteristic of a binomial experiment?

(A) Each trial has two possible outcomes.
(B) There are an infinite number of trials
(C) The probabilities of each outcome

remain constant
(D) The trials are independent

20. If Y~ Geo(0.04), then the expected value of
Y is

(A) 0.2
(B) 0.96
(C) 5
(D) 25

21. For a Poisson distribution

(A) the mean is zero
(B) the mean is less than the variance
(C) the mean is equal to the variance
(D) the mean is greater than the variance

15. After performing the Hungarian algorithm on the following
system, which of the following arrangements will minimize cost
allocation?

(A) A - X B - W C –Y D - V
(B) A - X B - W C - V D - Y
(C) A - W B - X C - V D - Y
(D) A – W B – Y C – V D - X

MODULE 2: PROBABILITY AND DISTRIBUTIONS
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22. The continuous random variable X has
probability density function f(x) where  f(x)
= k(x + 3), 50 ≤≤ x . The value of the
constant k, is

(A)

(B)

(C)

(D)

23. The random variable X has cumulative
distribution function F(x), given by

           F(x) = ¨
¨
¨

©

§

≥
≤≤

<

11
10

00
4

x
xx

x

The median m of  X to 2 significant figures is

(A) 0.50
(B) 0.80
(C) 0.90
(D) 0.84

24. The lifetime of a torch battery is normally
distributed with mean 100 hours and standard
deviation 10 hours. Three batteries are chosen
at random from a batch. In order for the torch
to function all three batteries must work. The
probability that the torch works for less than
120 hours, to 3 significant figures, is

(A) 0.933
(B) 0.980
(C) 0.955
(D) 0.977

25. X ~Po(20).  Using a normal approximation
)2818( << XP  is approximately

(A) )5.275.18( << XP
(B)  P(18.5 < X < 28.5)
(C) )5.275.17( << XP
(D) )5.285.17( << XP

Items 26 - 27 refer to the following
information.

An analysis of the number of goals scored by
a netball team gave the following results.

26. A 2χ goodness of fit test at the 5% level of
significance is carried out to determine
whether the data may be modelled by a
Poisson distribution having the same mean as
the observed data. If n is the number of cells,
then the number of degrees of freedom is
given by

(A) n -1
(B) n -2
(C) n -3
(D) n

27. The expected frequency when x = 0, to 3
significant figures, is

(A) 0.0384
(B) 0.038
(C) 3.84
(D) 4.00

28. If  X~N(100,  30) and Y~N(120,  80)  then

(A) 3X – 2Y ~ N(60,  250)
(B) 3X – 2Y ~N(60,  -70)
(C) 3X – 2Y ~ N(60,  -50)
(D) 3X – 2Y ~ N(60,  590)

Goals 
per 
match 

0 1 2 3 4 5 6 

Number 
of 
matches

4 20 10 15 20 25 6 

 1
 8

 1
32
 1
16

 1
64
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29 . A continuous random variable X  takes
values in the interval 0 to 4.

It is given that

P(X > x) = a + bx2, 0 < x < 4 .

MODULE 3 - PARTICLE MECHANICS

Items 31 - 32 refer to the following diagram 
where P is a particle of weight W at rest on a 
rough plane inclined at an angle 0 to the 
horizontal.

The values of the constant a and b are 
respectively.

(A)

(B)

(C)

(D)

1 - i1 
-  ̂ i
î i
16* i

30 . The continuous random variable X  is 
uniform ly d istribu ted  in the interval 
a < x  < b . The lower quartile is 7 and the 
upper quartile is 11. The values of a and b 
are

(A) a = 5, b = 11
(B) a = 5, b = 13
(C) a = 3, b = 13
(D) a = 3, b = 11

31. If the normal reaction is N and the frictional
force is F, the sum of components of the 
forces up the plane is given by

(A) N cos 0 -  W
(B) F + Wsin0
(C) F -  Wsin0
(D) F -  Wcos0

32 . If ^  = coefficient of friction, which of the
following is true when the friction is limiting?

I. F = |X Wcos0
II. F = |x Wsin0

III. F > x Wcos0
IV F > x Wsin0

(A) I only
(B) II only
(C) III only
(D) IV only

02105010/SPEC2007
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w

0

\

F = |i Wcos0 
F = |j, Wsin0 
F > |i Wcos0 
F > |i Wsin0

(A) N cos 0 -  W
(B) F + Wsin0
(C) F -  Wsin0
(D) F -  Wcos0(A) a = 5, b = 11

(B) a = 5, b = 13
(C) a = 3, b = 13
(D) a = 3, b = 11

I only
II only
III only
IV only
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33. An object of weight 5 N   rests on a rough
horizontal surface with coefficient of friction
µ. It could not be moved with a force of 3 N
parallel to the surface. Which statement is
true for µ?

(A) µ = 3/5
(B) µ ≥  3/5
(C) µ ≤  3/5
(D) µ  = 5/3

34. Given 

3
4
t

a −=

 where a  is acceleration in

2sm − and t is time in seconds. If velocity is
2ms-1 and the displacement is 0 at the instant
when t = 1, which of the following statement
is true for the displacement at time t?

  I. It never exceeds 1
 II. It never exceeds 2
III. It is less than 4
IV. It may exceed 2

(A) I only
(B) II only
(C) III only
(D) IV only

35. A single constant force F moves a particle of
mass m kg from rest along a smooth surface
and acts on it for 2 seconds. The maximum
power attained is given by

(A)

(B)

(C)

(D)

36. A body of mass 1 kg travelling with initital
velocity 1ms)s9i2( −+  is given an impulse
which causes it to move with velocity

1)4( −+− msji .  The magnitude of the
impulse is

(A) 10 Ns
(B) 11 Ns
(C) 16 Ns
(D) 18 Ns

37. A particle projected at an initial angle of 300

to the surface of the earth could ony reach a
height of more than 32 m if its initial velocity
of projection is at least:

(A) 8√g ms-1

(B) 55g ms-1

(C) 16 √g ms-1

(D) 128g ms-1

F2

2m

2F2

m

 F2

m

m
2F
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38. A model equation x = 2t2 was used to estimate
displacement values, x, at different times, t. 
This model assumes that

(A) acceleration is zero
(B) velocity is zero initial
(C) velocity is constant
(D) acceleration is constant

39. If a body is in equilibrium under the action of
forces P,Q and S where

P = 2i + 3j and Q = 3i - 5j, then S =

40.

(A)
(B)
(C)
(D)

-5i + 2j 
i -  2j 
-  i + 2j 
5i -  2j

A body is in equilibrium under the action of 
three focuses, P N, 50 N and 84 N as shown 
in the diagram. What is the magnitude of P?

(A) 25 N
(B) 42 N
(C) 84 N
(D) 100 N

GO ON TO THE NEXT PAGE
02105010/SPEC2007

x
i

(2,8)

t

p \

50 N

Si IV
ISO

41. Parametric equations representing a 
projectile are

x = 2t and
y = 2 -  _g t2 

2
The equation of the trajectory in Cartesian 
form is given by

(A) y = 2 -  g x2
2

(B) y = 2x -  gx2

(C) y = 2x -  _g_
x2

(D) y = 2 -  g x
8

42. The acceleration, a , produced by a force on 
a body is given by

a = 2x where x is the displacement. If the 
velocity is n, then at time t, the differential 
equation that can be formulated from this is

I. v _dV = 2x
dx

II. dx = 2x 
dt

III. V dV = 2
dx

(A) I only
(B) II only
(C) III only
(D) I, II and III

43. How much work is done by a force F in 
pulling a block of mass 12 kg through a 
distance of 6 m along a horizontal surface?

(A) 72 g J
(B) 72 J
(C) 29 J
(D) 0 J

x = 2t and
y = 2 -  _g t2 

2

(A) y = 2 -  g x2
2

(B) y = 2x -  gx2

(C) y = 2x -  _g_
x2

(D) y = 2 -  g x
8

I. V dV = 2x
dx

II. dx = 2x 
dt

III. V dV = 2
dx

(A) I only
(B) II only
(C) III only
(D) I, II and III

(A) 72 g J
(B) 72 J
(C) 29 J
(D) 0 J

72 g J 
72 J 
29 J 

0 J

y = 2 -  g x2 
2

y = 2x -  gx2 

y = 2x -  _g_
x2

y = 2 -  g X  
8

V  dV = 2x 
dx

dx = 2x 
dt

V  dV = 2 
dx

I only
II only
III only
I, II and III



44. A vehicle is travelling along a level road at a
speed of 27 km h-1.

If the power of the engine is 150 kw, what is
the tractive force of the engine?

(A) 11 250 N
(B) 15 000 N
(C) 20 000 N
(D) 27 000 N

45. The vertical distance OS = 3m.
The speed of an object of mass 12 kg is
7ms-1 at O and 5ms-1 at S .
Using G = 10ms-2  the change in the
mechanical energy of the object is

(A) 804 J
(B) 504 J
(C) 360 J
(D) 144 J

02105010/SPEC 2007
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1. � 
 (a) (i) A population is the entire 

group of items/people under 

investigation 

   A sample is a subset of items/people 

drawn from a population 

��
�
�
��

 

  (ii) A parameter is a numerical measure 

calculated from population data 

   A statistic is a numerical measure 

calculated from sample data 

��
�
��
�
��

QXPHULFDO�
PHDVXUH�TXDQWLW\�
relating a 

parameter to a 

population 

relating a 

statistic to a 

sample 

 (b) 68, 60, 53, 55, 34, 01 [OR 1] ��

1 mark for every 

two correct 

numbers, 1 mark 

cao (all 6 numbers 

correct and in the 

correct order, no 

additional 

numbers, no 

repeats or numbers 

outside of range)  

 (c) (i)  A simple random sample is one 

so selected that: 

   x each member of the population has an 
equal chance of inclusion 

 OR  x any other sample of the same size 
from the population has the same 

chance of being chosen 

��

2 marks for a 

clear definition  

(1 mark only if 

definition is not 

clear but ‘random’ 
is implicitly 

defined) 

  (ii)  x With simple random sampling, 

every member of the population has 

an equal chance of selection; with 

stratified random sampling, it is 

only within strata that the members 

have an equal chance of being 

selected 

   x A stratified random sample ensures 
proportionate sampling of each 

stratum -- there is no such guarantee 

with a simple random sample where it 

is possible to have a sample drawn 

from a single stratum OR A 

stratified random is more 

representative of a population since 

there is proportionate sampling of 

each stratum, unlike in simple 

random sampling where one stratum 

��

any two 

differences, 2 

marks each for a 

clear description 

(1 mark only for a 

simple statement)�
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may be over- or under-represented 
 

   x A stratified random sample is more 
difficult to obtain since the 
population must first be divided 
into strata before proportionate 
random sampling is carried out 

 (d) (i) No. of Year 2 males 

   = 30
750
100

u  

 
   = 4 

�
��
��
�
��

 
total number 
= 750 VRL  
valid expression 
(allow HFI for 
incorrect total) 
FDR�

  (ii)  x Divide students into the 4 
sex/year-level strata or groups 

 
   x Choose the 30 students for the 

sample so that each stratum is 
represented proportionately  
(7, 4, 11, 8) 

 
   x Take separate random samples from 

each stratum and combine to form the 
stratified random sample 

 
   x Within each stratum assign the 

students a different three-digit 
number  
from 001 to 175/100/275/200 (or 000 
to 174/099/274/199), as appropriate 

 
    x Select three-digit numbers from a 

random number table, choosing the 
starting point at will and reading 
off digits in a consistent direction 
OR from a calculator, reading off 
digits as they are generated, 

   ignoring repeats and  
numbers outside range,  
until the requisite size for each 
random sample reached  

�
�


��
�
�


�
�


��
�


�
�
��
�
�


�
�
�


��
�


�
�


�
�
�
�
�


�
�

�
�

�

 
 
 
 
 
 
 
*award a maximum 
of  
 7 marks 
 
 
 
 
(source) 
(method of read-
off) 

7RWDO����PDUNV 
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2.  
 (a) (i) mode = 5 �� FDR�
  (ii) median (42) = 15½ 

value  
            = 3.5 

��
��

VRL�
FDR�

  (iii) variance  = 
22

¸
¹

·
¨
©

§
6
6

�
6
6

f
fx

f
fx

 

                       = 
2

30
96

30
382

¸
¹

·
¨
©

§�  

                   =
300
748

= 

349.2 �  | 2.49 
   OR 

       variance  = 
f

xxf
6
�6 2)(

 

 

             = 
300
748

= 349.2 �  

| 2.49 

���
��
�
��
�
��
�
�
���
�
��
��
��

variance = square of standard 
deviation VRL 
correct interpretation of I[�  

(I�[� and not (I[)�) VRL�
�
valid use of formula VRL 
�
FDR�
�
�
variance = square of standard 
deviation VRL 
 

correct interpretation of 2( )f x x�  
VRL�
valid use of formula VRL 
FDR�

  (iv) 10% of 30 = 3 
   10% trimmed mean 

   = 
24

15196 ��
 = 

24
80

 

   = 3.3
3

10 �  

��
�
��
�
��
�
��

VRL�
 
lowest 10% (0, 0, 1) and highest 
10% (5, 5, 5) discarded by 
inspection 
mean of remaining numbers 

�
FDR�

  (v) 30th percentile  
   = 9½th value 
   = 2.5 

�
��
��

 
VRL�
FDR�

  (vi) lower quartile at 8th 
value OR 

    upper quartile at 23rd 
value 

    lower quartile (41) = 2 
    upper quartile (43) = 5 

��
�
���
��

VRL� 
 
FDR� 
FDR��

 (b) Each of these values is 
not an actual mark scored 

�
��

��

 (c) (i) Mean = 
f
fx
6
6

 

 = 
3000

10101891000276099051 u�u�u
 

 

�
��
�
��
�
�

�
VRL  
 
use of midpoints of class 
intervals VRL 
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 = 
3000

3800013  = 1000.46 grams 
��  

FDR 
  (ii) 

 Median = »¼

º
«¬

ª u
�

� 10
2760

511500
995  

 
     | 1000.25 grams 

�
��
��
��
��

 
valid formula 
median is 1500th value VRL 
median in class 995 < [ d 1005 
VRL  
FDR 

 (d) Within each class 
interval, the masses of 
bags are uniformly/evenly 
distributed  

��
 

7RWDO����PDUNV 
 � �
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 (a)

  0.65 
 

0.35 
 

0.8 
 

0.85 
 

0.15 
 

0.45 
 

0.4 
 

0.15 
 

L 

L¶ 
 

D 

L 

L¶ 

W 

L 

L¶ 
 

B 

0.2 
 

 

� :: statistician walks 
 ': statistician drives 
 %: statistician travels 

by bus 
 /: statistician is late 
� /¶: statistician is not 
late/is early 
  

  

��
�
�
��

visually correct diagram  
(3 branches in first 
level, 2 × 3 branches in 
second) 
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correct labelling  
(trio of branches in 
first level, each pair 
of branches in second 
level) 

 (b) (i) P(% � Lc) 
   = 0.45 × 0.15 
   = 0.0675 

��
��
��

��
correct expression 
FDR�

  (ii) P(/)  
   = P(: � /) + P(' � /) + 

P(% � /) 
 
   = (0.15)(0.65) + (0.4)(0.2) + 

(0.45)(0.85) 
    
 
   = 0.56 

�
��
�
��
�
�
��

 
mutually exclusive 
events VRL�by sum 
correct expression�VRL�
(award 1 mark if only 
two terms 
included/correct) 
FDR�

  (iii) P(' � Lc)  
   = P(') + P(: � Lc) + P(% � Lc) 
 
   = (0.4) + (0.15)(0.35) + 

(0.45)(0.15) 
    
 
   = 0.52 
 
   OR 
   P(' � Lc)  
   = P(Lc) + P(' � /) 
 
   = (1 -- 0.56) + (0.4)(0.2) 
   = 0.52 

��
��
�
��
�
�
��
�
�
��
��
�
��
��

correct events 
identified VRL 
mutually exclusive 
events VRL�by sum 
correct expression�VRL�
(award 1 mark if only 
two terms 
included/correct) 
FDR�
 
 
correct events 
identified VRL 
mutually exclusive 
events VRL�by sum 
correct expression�VRL 
FDR�

  (iv) P(' ~ /) = 
)P(

)(P
L

LD �  

 
  

                  = 
56.0

2.04.0 u  

             = 
56.0
08.0  

             | 0.143 

��
�
��
�
��
�
�
�
��

correct order of 
conditional probability 
VRL 
valid formula for 
conditional probability 
VRL 
at least one of 
num./denom. valid 
�
�
FDR�

  (v) P(% ~ Lc) = 
)P(

)(P
L

LB
c
c�  

 
 

��
�
��
�

correct order of 
conditional probability 
VRL 
valid formula for 
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             = 
56.01

15.045.0
�
u  

             = 
44.0

0675.0  

             | 0.153 

��
�
�
�
��

conditional probability 
VRL 
at least one of 
num./denom. valid 
�
�
FDR�

7RWDO����PDUNV 
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4. 
 (a)  x There is a 

predetermined/finite/fixed 
number of articles 

   x The articles are independent of 
each other 

   x Each article may be considered 
as either ‘difficult’ or ‘not 
difficult’ to write 

   x The probability of a 
‘difficult’ article remains 
constant from article to 
article 

�� 1 mark for each 
correct assumption 

 (b) ': no. of ‘difficult’ articles in 
series of 10 articles 

  ' a Bin(10, 0.15) 
 P(' < 2) = P(' = 0) + P(' = 1) 
 
      = 0.85 10 + 10(0.15)(0.85) 9 
 
       | 0.19687 + 0.34743 | 0.544
      

�
��
��
�
��
��
��

 
VRL 
correct interpretation 
of ‘fewer than 2’ VRL 
Q&U S

 U T Q -- U VRL 
valid expression 
FDR�

 (c) Mean = QS = 20 u 0.15  
 
           = 3 
 

  S.D. = npq  = 20 0.15 0.85 u u  

              = 2.55  | 1.60 

��
�
��
�

�
�
��

valid use of at least 
one formula (*) 
FDR�
 
valid use of at least 
one formula�
FDR 

 (d) The discrete binomial 
distribution is being 
approximated by the continuous 
normal distribution 

��
�
��

 

 (e) <: no. of ‘difficult’ articles 
out of 100 articles 
 < a Bin(100, 0.15) 
 
   QS = 100 u 0.15 = 15 
  QT = 100 u 0.85 = 85 
 QS > 5 and QT > 5  
   
 ?< may be approximated by 
N(15, 12.75) 
 
 P(13.5 < < < 14.5) 

 = ¸
¸
¹

·
¨
¨
©

§ �
��

�

75.12
155.14

75.12
155.13

P Z  

�
��
�
�
��
�
�
��
�
��
�
��
�
��
��
��
��

 
correct parameters VRL  
� 
correct values and 
valid criteria 
 
correct parameters VRL 
  
correct continuity 
correction 
 
standardising 
 
correct simplification 
VRL�
valid values 
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 | P(--0.4201 < = < --0.1400) 
 = )(0.4201) -- )(0.1400) 
 | 0.6632 -- 0.5557 
 = 0.1075 | 0.108  

FDR�

7RWDO����PDUNV 
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5.  
 (a) The test concerns 

whether there is a change 
in mean mass in either 
direction, rather than  
a change in one 
particular direction 
(i.e. a definite increase 
or a definite decrease) 

��
2 marks for a clear explanation  
(1 mark only if explanation is 
valid but not clear) 

 (b) H
0
: P = 250 g 

  H
1
: P z 250 g 

��
��
��

correct signs for two-tailed 

test (=, z) 
correct symbol for parameter (P) 
correct value for parameter 
(250 g) 

 (c) The Central Limit 
Theorem applies since  
the sample size is large 

( t 30) 

��
�
��

 

 (d) X has approximately a 

normal distribution with 

mean 250 and variance 
50
52

, 

i.e. X a � �5.0,250N  

approximately 

��
��
�
��

��

normal distribution 
mean = 250 g 

variance = 
n

2V
 VRL 

variance = 0.5 VRL 

 (e) 

n

xztest V
P�

  

        
5.0
2509.251 �

   

        | 2.69 

�
��
��
�
��

��

 
standardising VRL�
correct form of expression VRL�
 
substitution of values 

FDR�

 (f) ‘Level of significance’ 
refers to the probability 
of  rejecting H

0
 when it 

is true 

�
��
��

 

 (g) The size of the 
rejection region 
decreases with a decrease 
in significance level 

�
��

 

 (h) ]WHVW < --1.96 or 

]WHVW  > 1.96 

  OR  °]WHVW ° > 1.96 

��
��
�
��

correct magnitude of critical 
value (1.96) 

both parts of critical region 
identified  

(]WHVW  < -- … and ]WHVW  > + …) 
FDR�

 (i) Reject H
0
 since 

]WHVW�> 1.96 and conclude 

there is sufficient 

��
�
�

allow HFI 
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evidence at the 5% level 
of significance that the 
(population) mean mass of 
the packages has changed 

�
��

  
7RWDO����PDUNV 



 
6.  
 (a) (i) P: moisture content … 
  (ii) S: level of air-pollution 
  (iii) Q: number of seeds … 

��
��
��

FDR�
FDR�
FDR�

 (b) The regression line \ on [ is the 
‘least squares’ line that results 
when the sum of the squares of the 
vertical distances/\-differences 
from the data points is minimised 

�
�
��
��

�

 
 (c) (i) 2Q�JUDSK�SDSHU 

     

x 2.9 3.5 4.8 5.6 6.6 7.5 8.7 9.9 

y 128 131 134 159 169 178 185 191 
  

��
1 mark for every 2 
points correctly 
plotted 

 
  (ii) 

  

> @> @22 )2751()733207(8)5.49()57.348(8

)2751)(5.49(±)1.3148(8

��

 r  

 
     | 0.971 
 
  There is a very strong (or almost 

perfect) degree of positive linear 
correlation between [ and \�

  OR 
  Sales increase in direct proportion 

to expenditure on advertising 

�
�
��
�
�
��
�
��
��
�
�
��

 
 
using calculator or 
sub. correctly into 
formula  
  
�
FDR 
 
 
 

 �  
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  (iii) 
2)5.49()57.348(8

)2751)(5.49(±)1.3148(8

�
 b  

       | 10.1 
 
 
   xbya �  

       | 159.375 -- (10.0508)(6.1875) 
 
 

       | 97.2 
 
   ?�\ = 97.2 + 10.1[ 
 
   OR 

   )( xxmyy � �  

   \ -- 159.375 = 10.0508([ -- 5.4) 
 

   ?\ = 97.2 + 10.1[ 
 
   2Q�JUDSK�SDSHU��GUDZLQJ�D�YDOLG�

OLQH�ZKLFK�� SDVVHV�WKURXJK� ),( yx  

[(6.1875, 159.375)] 

�
��
�
��
�
�
�
��
�
�
��
��
�
�
��
�
��
��
�
��
��

 
using calculator or 
sub. correctly into 
formula 
FDR�
 
 
 
using calculator or 
sub. correctly into 
formula 
(allow HFI for 
incorrect E) 
FDR�
allow HFI�
 
�
sub. correctly into 
formula 
(allow HFI for 

incorrect E)�
valid rearrangement 
FDR 
 
 

 

 
  (iv) $137 000 

�
��

 
1 mark for sub. 12 
into regression 
equation or reading 
off from graph, 
1 mark for DQV 

 
  (v) 2Q�JUDSK�SDSHU 

x 11.4 12.8

y 196 199
 

�� both points plotted 
correctly 

  (vi) Estimates obtained from 
extrapolation are  
not reliable -- 

   the 2 additional extreme points 
suggest a curvilinear 
relationship, whereas the original 
8 data points suggest a strong 
linear relationship 

�
��
��
�
�

 
 
difference between 
extreme points and 
values predicted by 
regression line 

7RWDO����PDUNV 
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��� �
� �D�� �L��� 0HWKRG�B� �� cao 
� � �LL�� A��� VLPSOH�UDQGRP�

VDPSOLQJ�
   B��� VWUDWLILHG�UDQGRP�

VDPSOLQJ�
   C��V\VWHPDWLF�UDQGRP�VDPSOLQJ�
� � � D��TXRWD�VDPSOLQJ�

��
��
��
��

cao 
cao 
cao 
cao 

� � �LLL���x� WR�UHGXFH�WKH�WLPH�
VSHQW�JDWKHULQJ�DQG�
FROODWLQJ�GDWD�

� � � �x�WR�VDYH�PRQH\�RQ�WKH�
VXUYH\�SURFHVV�

� � � �x�DOO�WKH�HOLJLEOH�YRWHUV�
ZRXOG�QRW�EH�UHDGLO\�
DFFHVVLEOH�� �

�
��

�
DQ\�WZR�YDOLG�UHDVRQV����
PDUN�HDFK 

� �E�� �L�� D�� PHDQ� �
n

t6 �

� � � � ����� �
20

5.159 � �������

�
��
�
��

 
soi 
 
cao 

� � � E��PRGH� ���������� �� cao 
� � � F��PHGLDQ��Q��� ���ò�YDOXH��
� � � � �������� ������

��
��

soi 
cao 

� � � G��ORZHU�TXDUWLOH�DW��òWK�
YDOXH�RU�

� � � � XSSHU�TXDUWLOH�DW���òWK�
YDOXH�

� � � � ORZHU�TXDUWLOH��Q��� �����
� � � � XSSHU�TXDUWLOH��Q��� ������

�
��

��
��

�
soi�

cao 
cao 

� � �LL�� D�� SRVLWLYH� VNHZ� LI� WKH�
ORZHU� TXDUWLOH� �Q��� LV�
QHDUHU� WR� WKH� PHGLDQ� �Q���
WKDQ� WKH� XSSHU� TXDUWLOH�
�Q��� LV��
�L�H��Q�����Q����Q�����Q����

� � � � QHJDWLYH�VNHZ�LI�WKH�XSSHU�
TXDUWLOH��Q���LV�QHDUHU�WR�
WKH� PHGLDQ� �Q��� WKDQ� WKH�
ORZHU�TXDUWLOH��Q���LV��

� � � � �L�H��Q�����Q��!�Q�����Q����

��
��

FRQVLGHULQJ�
GLIIHUHQFHV�¶GLVWDQFHV¶�
FRUUHFW�FULWHULD�

� � � E��QHJDWLYHO\�VNHZHG�
GLVWULEXWLRQ�
� � � � �Q�����Q�� ������������ ������
� � � � DQG�Q�����Q�� ��������

������ ����

��
��

cao 
YDOLG�UHDVRQ�RU�PHWKRG�
�VWHP�DQG�OHDI�GLDJUDP��
H�J���

� Total 20 marks 



 

 

�



 

 

�
��� �
� �D�� �L�� 3��������JURXS�DQG�

FHUHDO�R��
� � �   29

500 � ������ 

��
��
��

YDOLG�LQWHUSUHWDWLRQ�RI�µDQG¶�
soi 
DW�OHDVW�RQH�RI�QXP��GHQRP��
FRUUHFW�
cao�

� � �LL�� 3��������JURXS�RU�FHUHDO�
Q��
� � �  � 500

127016213 ��� �25� 500
2498189 �� �

� � �  � 500
311 � �������

� � � 25�
� � �  �3�����������3�Q�����3��������
DQG�Q��
� � �  � 500

91
500
189

500
213 �� �

� � �  � 500
311 � �������

�
��
��
��
�
��
�
��
��

 
µRU¶�LQWHUSUHWHG�DV�µ�¶ soi 
DW�OHDVW�RQH�RI�QXP��GHQRP��
FRUUHFW�
cao 
 
FRUUHFW�IRUPXOD�soi 
 
YDOLG�VXEVWLWXWLRQ�
cao 

� � �LLL��3�QRW�FHUHDO�P��
� � �  � 500

202500 � �25� 500
109189 � �

� � �  � 500
298 � �������

��
��

��

YDOLG�LQWHUSUHWDWLRQ�RI�µQRW¶�
soi 
DW�OHDVW�RQH�RI�QXP��GHQRP��

FRUUHFW 

cao�
� � �LY�� 3�QRW��������~�FHUHDO�P��
� � �  � 98 33 26

202
� � �25� 202 45

202
� ��

� � �  � 157
202 �|�������

�

��
�
��
�
��
��

FRUUHFW�RUGHU�RI�FRQGLWLRQDO�
SUREDELOLW\�soi�
YDOLG�IRUPXOD�IRU�FRQGLWLRQDO�
SUREDELOLW\�soi�
DW�OHDVW�RQH�RI�QXP��GHQRP��
FRUUHFW�
cao 

� �E�� �L�� D�� +���7KHUH�LV�QR�
DVVRFLDWLRQ�EHWZHHQ�DJH�
DQG�FHUHDO�EUDQG�
SUHIHUHQFH�25�&HUHDO�
EUDQG�SUHIHUHQFH�LV�
LQGHSHQGHQW�RI�DJH�

�
�
��

�

� � � E��Q� ��r�������c������� ������
������������

� � � � � ��������� ���

��
��

soi 
cao 

� � � F��FULWLFDO�YDOXH� ������� �� DOORZ�ecf�IRU�LQFRUUHFW�Q��

� � � G��¦ �
E

EO 2)( �RU� N
E

O
�¸

¸
¹

·
¨
¨
©

§
¦

2
�

� � � � O��2EVHUYHG�IUHTXHQFLHV�
� � � � E��([SHFWHG�IUHTXHQFLHV�
� � � � N��7RWDO�IUHTXHQFLHV�

�
��

�
cao 

� � �LL�� ([SHFWHG�QR��!���DQG�
SUHIHUULQJ�P�

� �



 

 

� � �  �
total grand

totalcolumntotal row u �

� � �  � 724.32
500

20281
 

u
 

��
�
��

soi 
�
cao�

Total 20 marks 



 

 

�
��� �
� �D�� X��HPLVVLRQ�OHYHOV��J NP ����� RI�

WUXFNV�
  X a�1���������������
� � 3�X�!�������

�  � ¸
¹

·
¨
©

§ �
!

22.0
52.055.0

P Z �

� |�3�Z�!��������
�  �� ± )��������
� |�������������
� �  ��������|������� 

�
�
�
�
��

��
��
��
��

�
�
�
�
VWDQGDUGLVLQJ�

FRUUHFW�VLPSOLILFDWLRQ�
soi 
YDOLG�YDOXH�
cao�

� �E�� Y��QR��RI�WUXFNV�RXW����ZKHUH�
WKH�HPLVVLRQ�
����OHYHO�LV�JUHDWHU�WKDQ������
J NP �����

� � Y�a�%LQ�������������
�
� 3�Y� ���� ��������������������
������������
�
� � � ����� ���|�������� � �

�
�
��
�
��
��
��

�
�
FRUUHFW�GLVWULEXWLRQ�DQG�
SDUDPHWHUV soi��FRQGRQH�p� �
�������
nCr�p

�r�q�n����r�soi�
YDOLG�H[SUHVVLRQ�
cao 

� �F�� �L�� X KDV�D�QRUPDO�
GLVWULEXWLRQ�ZLWK�PHDQ������

DQG�YDULDQFH�
100
22.0 2

��L�H��

X a� � �000484.0,52.0N �
DSSUR[LPDWHO\�

��
��
�
��

��

QRUPDO�GLVWULEXWLRQ�
PHDQ� ������J�

YDULDQFH� �
n

2V �soi�

YDULDQFH� ���������25����������
soi�

� � �LL�� 3�X �!�������

�  � ¸
¹

·
¨
©

§ �
!

022.0
52.055.0

P Z �

� |�3�Z�!��������
�  �� ± )��������
� |�������������
� �  ��������

�
��
��
��
��
��
��

�
VWDQGDUGLVLQJ�
YDOLG�H[SUHVVLRQ�
FRUUHFW�VLPSOLILFDWLRQ�
soi 
YDOLG�YDOXH�
cao�

Total 20 marks 
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Question 1.       
(a) (i) inverse  
 
 (ii) converse 
 
 (iii) contrapositive 

��
�
��
�
��

 

(b) (i) [� \� a[� a\� [ � \� a\ � a[�
T T F F T T 
T F F T F F 
F T T F T T 
F F T T T T 

      
OR [� \� a[� a\� [ � \� a\ � a[�

1 1 0 0 1 1 
1 0 0 1 0 0 
0 1 1 0 1 1 
0 0 1 1 1 1 

      

  

��
�
��
�
��
��

all possible combinations 
of T/F OR 1/0 in [, \ 
columns 
at least one of a[, a\ 
columns correct�
correct [ � \ column  
correct a\ � a[�column 

 (ii) [ � \ and a\ � a[�are logically 
equivalent, 

  since the corresponding terms in 
their truth tables are the same 

�

�

�

�

 
valid reason 
* allow ecf 

(c) (i) If there are clouds in the 
sky,   

  (then) it is raining 
   OR 
  There are clouds in the sky,  
  so it is raining. 
 
 (ii) Today is Friday and 
  it is not raining. 

��
��
�
��
��
�
��
� 

 
 
 
 
 
 
 
 

(d) (i) K � aK ��
�
��

aK represents ‘You eat 
your cake’ soi 
cao  
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� �
 (i

i
) 

K� aK� K � aK� OR K� aK� K � aK�
T F F 1 0 0 
F T F 0 1 0 
       

 
 
Since all the terms in the K � aK column 
are F/0, ‘You have your cake and eat 
it’ (i.e. K � aK) is a contradiction. 

��
�
�
��

correct truth table for 
K � aK�
  
 
valid explanation 

(e) F � (F � G) =  F � (aF � G) 
       =   (F � aF) � (F � G) 
     =    � � (F � G) 
            =   F � G 

��
��
�
��

F � G {  aF � G 
correct use of 
distributive law 
 
cao 

 (f) (i) D� E� D � E� D � E� OR D� E� D � E� D � E�

�

T T T T 1 1 1 1 

T F T F 1 0 1 0 

F T T F 0 1 1 0 

F F F F 0 0 0 0 
 �

��
�
��
��

 
all possible combinations 
of T/F OR 1/0 in D, E 
columns 
correct column D � E 
correct column D � E 

 (ii) D � E, since the alarm would be 
activated if at least one of the 
switches is closed 

��
��

correct switching circuit 
identified  
valid explanation 
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�  
Question 2.          
(a) x: no. of large trucks 

used 
 y: no. of small trucks used 
 
 Minimise   240x + 100y 
 
 
 Subject to    60x +   24y  � 

1200 
 
                    x +       

y  �     50 
 
                    x             

�     25 
                                

y �     15 
                     x  � 0, 

y  � 0 
                       x, 

y integers 

��
��
�
��
��
�
��
��
��
��
��
��
��
��

two variables identified 
valid definition of variables 
 
correct objective: minimise 
240x + 100y 
 
60x +   24y 
… � 1200 
x +       y 
… �     50 
correct constraint 
correct constraint 
correct non-negativity 
constraints 
correct integer constraints 

(b) 
.

20 23 24 16 24
23 17 22 16 23
18 19 20 16 20
16 18 21 16 21

Row Min
� � � � �ª º
« »� � � � �« »
« »� � � � �
« »
� � � � �¬ ¼

 

4 1 0 8
0 6 1 7
2 1 0 4
5 3 0 5

. . 0 1 0 4Col Min

ª º
« »
« »
« »
« »
¬ ¼

 

4 0 0 4
0 5 1 3
2 0 0 0
5 2 0 1

ª º
« »
« »
« »
« »
¬ ¼

 

�
�
��
�
��
�
�
�
�
�
�
��
�
�
�
��
�
��
�
�
�
�
��

 
 
converting to a minimisation 
problem correctly 
inserting a dummy column with 
appropriate values 
 
 
 
 
 
essentially correct method of 
reducing rows then columns 
 
 
correct reduced matrix 
 
valid termination of Hungarian 
algorithm soi 
 
 
 
 
cao 
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 Anna l Chemistry 
 Brad l Biology 
 Deepu l Physics. 
 �  
 (c)          Order of 

Vertices in Network 

 

A

B

C

D

E

A

B

C

D

E     

A

 

 

B

C

D

E

B

C

D

E             

B, C

 

 

D

E

D

E    
D

 
 

 E E   E 

�
�
��
�
�
�
�
�
�
�
�
��
�
�
�
�
�
�
�
�
�
�

��

 
 
correct initial graph 
 
 
 
 
 
 
 
 
correct use of activity 
network algorithm soi by 
deletion of vertices and 
edges from a bipartite 
graph  
(allow 1 mark for a minor 
slip) 
 
 
 
 
 
 

correct order of vertices 
in network 

 
       

 

A 

B 

C 

E D Start Finish 

4 

0 

4 

6 9 

2 

8 

8 
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 ��

��
��

visually correct diagram  
correct precedences 
correct durations 

      Total 25 marks 
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Question 3   

Let X be the number of telephone calls received on 
any given day.  

                               )3.2(~ 0PX  

 

(a) 
!0

2.3)0(
2.3�

  
e

XP  

                   
                    

                    =  sftoe 30408.02.3  �
 

 

 
 
 
 
 
[1 mark] 
 
 
[1 mark] 
 
 
[1 mark]  

 

(b)   P � � )1(12 d� t XPX  

             

                      = 
2.31 ��e ¸̧

¹

·
¨̈
©

§
�

!1
2.3

!0
2.3 10

  

 
                       = 1 -- 4.2 e   
    
                       = 0.829 
 
 
 

 
[1 mark] 
 
 
1 mark of correct 
expression  
 
 
[1 mark] 
 
[1 mark] 

(c)  Let Y be the number of days on which no calls 
are received                   

                 Y ~ Bin(7,0.0408) 

 
P ( Y=2) =  C 0.0408 0.95925   
 
 
 
              
 
 
 
 
             
                  = 0.0283 

 
 
 
[ 1 mark for P (Y = 2) 
] 
 
[1 mark for 
identifying dist. as 
binominal] 
 
[2 marks for 
parameters] 
 
[3 marks for correct 
expression of 
binominal] 
 
[1 mark] CAO  

 
(d) Let S be number of calls received in a 30-day 
period S ~ Po (96) which may be approximated by N 
(96, 96).  
 

  P (S > 90) = P (S > 
96

965.90 �
) 

 
 

 
[ 2 marks for 
parameters] 
 
 
[2 marks for 
correction factor] 
 
 [1 mark for 
standardizing] 

Question 3 cont’d 
 

                 = P (S > 
96

5.5�
 = P 9 S > -0.561) 

 
 
[2 marks for 
simplification] 
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                 = )561.0()  

                 = 0.7126 
 
                  = 0.713 to 3 s.f. 
 

[1 mark] SOI  
[1 mark for read-off] 
 
[1 mark ] CAO 

          Total 25 marks 
 
 
 

Question 4  

X-number of telephone calls received.  

                       X ~ P  (1.5) 

H : data may be modelled by a Poisson distribution with 
mean 1.5.  

H : data may not be modelled by a Poisson distribution 
with a mean of 1.5 

 

 

 

 

 

[1 mark]  

 

Number of 
telephones 
calls  

0 1 2 3 4 Total 

Number of days 35 80 60 20 5 200 

Expected 
frequency  

45 67 50 25 13 200 

                                                         

                                                                                                               
[1 mark] 200 P(X=x) 

(a)E (X = 0) = 200 P(X = 0) 

                            = 
!0

5.1200
5.1�

e
 

                            =  45 

[2 marks]  

Question 4 cont’d        

 

    E (X = 1) = 200 P(X = 1) 

 

 

[2 marks] 
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                             = 200 

!1
5.15.1�

e
 

                             = 67  

           E (X = 2)  = 200 P(X = 2)  

                            =  200 

!2
5.15.1�

e
   

                            = 50  

[2 marks] 

            E (X = 3) = 200 P(X = 3)  

                            = 200 

!3
5.15.1�

e
 

                            =25 

 

[2 marks]  

 

             E (X=4)  = 200 -- (E(X=0) + ….. E(X=3)) 

                            = 13 

 

[2 marks] 

         No of degrees of freedom 1� nv  

                                                   v = 5 -- 1  

                                                   v = 4 

[1 mark] SOI 

 

[1 mark] 

 

            Reject H  if 
2F > 9.488 

[1 mark] Reject H

[1 mark] 9.488 

[ x ] 

Question 4 cont’d  

          
2F  = ¦ �

E

E
2)0(
 

                   = 

13
)135(

25
)2520(

50
)5060(

67
)6780(

45
)4535( 22222 �

�
�

�
�

�
�

�
�

 

[1 mark ]  

 

[3 marks]  

 

[1 mark] 
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                  = 12.668 to 3 s.f.  

 

Since 2F  = 12.668 > 9.488,  

reject H  at 5% level  

of significance and conclude that the data does not fit a 
Poisson distribution of mean 1.5. 

 

[1 mark] 

[1 mark] 

[1 mark] 

           Total 25 marks 
 
 
QUESTION 5 MARKSCHEME 
  5 (a)      (i) 

 

 
 
 
 
 
 
 
 

g3sin 2:for R mTC  n T  

 

 
 
 
 
 

 
                      (2) 

� �*sin 2
5

5
3

gmT  � T  

 

(2) 
(ii) 

            șT mg R B:  A  R sin2orfor � n  (2) 
 

   p 
 

                                            mgmgmg 2
7

5
3

2
5 . 2  �  (2) 

 
  

 

            RTBA PT  o  cos   :or  for  R                          
(1) 

2mg 
T 

3mg 

T 

2mg 

P R 

R 
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           p  p 

  

7
4

2
7

5
4

2
5 ..:number  as get   toSolve  � PPP mgmg  

                                                                    (2) 
 
Question 5 b 
        
(i) 

Resolving parallel to the plane (Particle A): 

3mg sin 30 -- T = 3m g¸
¹
·

¨
©
§
10
1

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

T = mg
5
6

 

                                                                    

 
 

(2) 
 

(1) 

 
 
 
 
 
 
       
(ii) 

Resolving perpendicular to the plane (Particle B): 

R = mg cos 30 = 
2
3

mg   

 
 
Resolving parallel to the plane:  
 

T -- mg sin 30 -- F = 
10
1g

m   

On the point of slipping F = P R 

T -- mg sin 30 - ¸̧
¹

·
¨̈
©

§
2
3

mgP  = ¸
¹
·

¨
©
§

mg
10
1

 

 

P = 
5

32
 = (0.693) 

 
 

(2) 
 
 
 
 

(5) 
 
 

(1) 

          
(iii) 

F  = 2T cos 60 = mg
5
6

 

Direction vertically downwards 

(2) 
 
                      
(1) 
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  QUESTION 6  
 
 
(a) 
         
   (i) 

�
tan x   = 1.2  
tan E  =  0.75 

tan T   = 3 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
(1) 

(ii) Speed of train    = FE 
                           = EL + LF  
                       EL = 12  

                tan E = 
24
LF

  

 

?   0.75 = 
24
LF

  � LF = 24 x 0.75 

                                                 =  
18 
?  FE =   12 + 18 = 30 
 
 
            (3) 

(iii) The total distance = 3000 m. = Total area 
 
      Area of FMBE = 3000 -- 564  
                              = 2436 
 
 

             tan T  = 3 = 
NT

MN
     ? NT = 

10
3

30
3

  
MN

 

?        MNT = 1503010
2
1

 uu  

 
     

              
(1) 
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(iv) 
� � 243630)

2
1

 u� EBFN  (1) 

 

2436)10(
2
130  ��? TT        

                    30 (T + 5) = 2436    ?   T + 
5 = 81. 2  
                                                                 T = 76.2   
                                                                  
 

             
(2) 
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6(b) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Horizontal component of velocity = u cos x 

Vertical component of velocity  = u sin x 
 
To find the time of flight is the time taken for 

the bullet to rise to the         

maximum height and then return to earth again = 

2t 5 

 
Range = horizontal component of velocity x time of 

flight 

= u cos x x 2t, where t is the time taken to 

rise to the                 

maximum height 

 
To find t use: 

 
v = u + at       where v = 0, u = u sin x, a = -g 

 

o = u sin x - gt  

 
t = u sin x   

g 

 
Total time of flight = 2t Ł 2 u sin x 

g 

 
Range  = u cos x  (2 u sin x) 

g 

 
= 2 u

2

cos x sin x 

      g 

 
= u

2

sin 2x 

    g 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

(1) 

 

 

 

(1) 

 

 

(1) 

 

 

(1) 

 

 

(1) 

 

 

(1) 
 

 

 

 

 

For range to be a maximum sin 2x = 1 

2x = 90º 

x = 45º 

 
(3) 

(b) 

 

 

 

 

 

Time of flight =  2 u sin x  

       g 

 

=  2 x 400 sin 45º  =  57.75 

9.8 

 

 

 

(3) 
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Question 1 
 
(a)(i) Let x be the number of part-time students and y the number of full-time students.  
 We want to maximise the objective function 
 
 P(x,y) = 8000x + 6000y     [1 mark] obj. function 
 
 Subject to the constraints 
 1. 30 000x + 45 000y > 18 000 000    [1 mark] 
  i.e 2x + 3y > 1200 
 2. x + y < 600       [1 mark] 
 3. x < 2y         [1 mark] 
 4. y < 350       [1 mark] 
 5. x, y, > 0       [2 marks] 
 
  
 
 (ii) 
 
 
 
 
 
 
 
 
 
 
(iii) The dotted line shows y = 300 (the number of full-time students)   
 In this case, 150 < x < 300 (x � Z+)                                                             [2 marks] 

[4 marks] 4 lines drawn correctly 
[3 marks] 3 lines drawn correctly 
[2 marks] 2 lines drawn correctly 
[1 mark] 1 line drawn correctly 
[1 mark] feasible region identified 

    600 

y 

y = ½x 

R 
   y = 350 

   300 

x 

y = 600 - x 

600 

y = 400 - 
3

2
x 

   400 
   350 
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Question 1 cont’d  
 
(b)(i) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

       [1 mark for correct precedents A, B, C] 
                                                                                    [1 mark for correct precedents E and D] 
                                                                                    [1 mark for correct precedents F and G] 

[3 marks for all 10 edges correctly labelled] 
[2 marks for 6 – 9 edges correctly labelled] 
[1 mark for 3 – 5 edges correctly labelled] 

 
Total 20 marks   

 
 
Question 2 
 
(a)(i) Poisson distribution         [1 mark] 
 

(ii) P (X= 1) = 2P (X = 0) 

 
!0

2
!1

0
keke

kk ��

         [1 mark] 

 k = 2          [1 mark] 
 
 
 

 
FINISH 

START 

A 

0 

0 B 
 2 

5 

E 
9 

D 7 

F 
4 

G 
3 

11 C 

0 
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Question 2 cont’d  
 
(iii) P(X > 2) = 1 – P(X < 2)       [1 mark] 

  = 1 - e-2 (
!2

2
!1

2
!0

2 210

�� )   [1 mark for sub k =2 in Poisson] 

  = 1  - 5e-2 
  = 0.32       [1 mark for CAO] 
 
(b) Let X days be the lifetime of the batteries 

Let the time for guarantee be x days 
We want P(X < x) = 0.10       [1 mark] 

i.e. P (Z < 
36
400�x ) = 0.10 

� -1282 = 
36
400�x         [1 mark] 

? x = 400 – 36 (1.282) 
       = 353.848         [1 mark] 
 
Guarantee for 354 days.       [1 mark] 

 
(c) The sample size is sufficiently large for the number of successes in 
 it to be normally distributed with mean np and variance np (1 – p). [1 mark] 
 
 Let the binomial r.v. X denote the number of cars whose taxes will be paid in July. 
 P (tax < $300 000) = P (100 X < 300 000)     [2 marks] 
        = P (X < 3000)      [1 mark] 
    

 np = 37 403 (
12
1 ) = 3116.916 

 np (1 – p) = 37403 (
12
1 ) (

12
11 ) = 2857.1761     [1 mark] 
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Question 2 cont’d 
 
 P (tax shortfall) = P(X < 2999.5)*           [1 marks for correct continuity correction] 

     = P (Z < 
17361.2857

916.31165.2999 � )        [1 mark] 

 
 = P(Z < -2.197)                [1 mark for simplification] 
 = 1 - 09860         [1 mark for correct probability] 
 = 0.014        [1 mark for valid read-off] 
  

Total 20 marks 
 
Question 3 
 
(a)(i) H0: population mean mark is equal to 69     [1 mark] 
  H1: population mean mark is greater than 69    [1 mark] 
 
   H0: P = 69         [1 mark] 
  H1: P > 69         [1 mark] 
 

(ii) A one-tailed test is appropriate since we are interested in the mean  
  values greater than 69.       [2 marks] 
 

(iii) t > 1.761         [2 marks] 
 

(iv) ttest = 

n

x

V
P
ˆ
�  or 

1�

�

n

s

x P            [1 mark for formula] 

 

   x  = 71.4 
   s = 11.892855 
 or V̂  = 12.31027445 
 
 
 
Question 3 cont’d 
 

[2 marks for calculation of sample  
standard deviation OR unbiased  
estimate of population S.D.] 
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 = 

15
31027445.12

694.71 �   OR  

14
892855.11

694.71 �    

[1 mark for valid sub. into numerator  
                   and denominator]  

 =  0.755         [1 mark] 
 
   (v) Do not reject H0  since ttest = 0.755 < tcritical = 1.761 
 Conclusion: The pop. Mean mark is 69.     [3 marks] 
 

(b) X  ~ N (3, 
100
25 ) i.e. X  ~ N (3, 

4
1 )       

 X  follows a normal distribution with mean 3 and variance 
4
1   

 [1 mark for normal distribution] 
[1 mark for mean = 3] 

                                 [1 mark for variance = 
n

V ] SOI  

[1 mark for variance = 
4
1 ] CAO 
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INTRODUCTION 
 
The revised Applied Mathematics syllabus was followed this year for the first time.  
Six candidates registered for this examination and they sat all the required papers of 
Option C. 
 
This is a one-Unit course comprising three papers and three Options.  However a 
candidate is required to take only ONE Option.  Papers 01 and 02 were examined 
externally while Paper 03 was examined internally by the teachers and moderated by 
CXC.  Contributions from Papers 01, 02 and 03 to the unit were 40 per cent, 40 per 
cent and 20 per cent respectively. 
 
The three Options are Option A, Option B and Option C. 
 
Option A consists of Discrete Mathematics, Probability and Distribution and        
Statistical Inferences.  Option B consists of Discrete Mathematics, Particle         
Mathematics and Rigid Bodies, Elasticity, Circular and Harmonic Motion.  Option C     
consists  of   Discrete  Mathematics,  Probability  and  Distribution  and  Particle  
Mechanics. 
 
 

GENERAL COMMENTS 
 
All of the candidates obtained acceptable grades, Grades I – V.  The average standard 
of work seen from most of the candidates in this examination was satisfactory.    
Candidates appeared to be well-prepared in the Discrete Mathematics and generally 
answered the questions well.  All of the candidates attempted all the questions.  Only 
two candidates displayed areas of weakness in Probability and Distribution and    
Mechanics.  The other four candidates’ work was of a satisfactory standard in both of 
these modules.  
 
Areas of strength displayed by most candidates on this paper were as follows: 

  

  Graphical solution of a Linear Programming problem 

  Construction of truth tables 

  Express symbolic proposition in words 

  Determine Boolean expression from a given logic circuit 

  Calculate P(A) given P(A) 

  Use conditional probability 

  Select n distinct objects taken r at a time with or without restrictions 

  Calculate the expected value of a linear combination of two independent      
 variables 

  Draw and use a Venn diagram 

  Construct and use a probability distribution table 

  Calculate the resultant of a force 

  Draw and use velocity-time graphs 
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  Apply the principle of conservation of linear momentum 
 
The areas of the course which candidates found difficult were as follows: 

  

  Calculations of variance of a linear combination of 2 independent variables 

  Recall of definitions associated with propositions 

  Translation of worded problem into symbols and vice versa 

  Identification of a distribution to model a particular situation 

  Use of continuous random variable to find probability and the cumulative 
 function 

  Correct direction of a force acting on a particle 

  Calculation of Power 
 

  
Comments on Candidates’ Performance on each Question 

 
Paper 01 

 
SECTION A (Module 1: Discrete Mathematics) 

 
Question 1 
 
The question tested the candidates’ understanding of graph theory terminology.  
Most candidates did well on this question.  Where there was an error, it usually came 
in misinterpreting the degree of a vertex as an angle. 
 
Question 2 
 
This question tested the candidates’ ability to determine a Boolean expression and 
construct the corresponding truth table from a logic circuit. 
 
Candidates either received full marks or no marks for this question. 
 
Question 3 
 
In this question, candidates were required to state the converse, contrapositive an 
inverse of a proposition and to formulate a compound proposition in words. 
 
Only two of the six candidates scored more than half the minimum mark available 
for the question.  It was evident that the remaining candidates were unfamiliar with 
the terms “converse”, “contrapositive” and “inverse” in relation to a proposition. 
 
 
Question 4 
 
This question tested the candidates’ ability to formulate a linear programming model 
in two variables from real world data. 
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Candidates experienced some difficulty with this modeling question, since it required 
the translation of words to symbols. 
 
Question 5 
 
This question which required the candidates to solve a linear problem graphically, 
was the best one done in this section.  Four candidates scored full marks (8) while 
two scored 7. 
 
 
SECTION B 
 
Question 6 
 
This question tested the candidates’ ability to 
 
    (i) calculate the probability of an event given its compliment 
  (ii) find the intersection of events 
 (iii) calculate the probability and an event given the union of the two 
  events 
 
Of the six candidates writing the paper, only one was unable to calculate P(A) given 

P(A).  The calculation of P(A  B) posed a greater problem to some candidates who 
were able to state correctly 
 

 P  B) = P(A) + P(B) – P(A  B) 
 
but did not relate P(A) to the given P(A|B)  
 
Most candidates were able to calculate P(B) using 
 

 P(B) = P(A  B)/ P(A/B) 
 

as the value for P(A   B) was stated in part b. 
 
Answer: (a) 1/4 (b) 5/36 (c) 5/9  
 
 
 
Question 7 

 
This question tested the candidates’ ability to calculate the number of selections of n 
distinct objects taken r at a time, with or without restrictions. 

 
Only half of the candidates were able to do this correctly.  Errors made included  
candidates finding the team so as to include at least three men rather than more than 
three men.  One candidate omitted the fact that all five men could be included. 
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Part (b) of this question was poorly done with some candidates using a Poisson distri-
bution or binomial distribution to calculate the probability. 
 
 Answer: (a) 81 (b) 8/15 

 
Question 8 
 
This question tested the candidates’ ability to calculate 

 
(i) E(X) given E(X2) and Var (X) 
(ii) the expected value and the variance of a linear combination of 2 independent 

random variables. 
 
 Most candidates were able to find 

 
 E(X) given E(X2) and Var (X) as well as 
 
 E(5X + 3Y) given E(X) and E(Y) 
 

However, the calculation of Var (2X – Y) posed greater problems to candidates who 
incorrectly wrote 
 
Var (2X – Y) = 4 Var(X) – Var(Y) or 2 Var(X) – Var(Y) or E(2X2 – Y2) – E(2X – Y)2 

 
 Answer: (a) 3 (b) 21 (c) 44 
 

Question 9 
 

This question tested the candidates’ ability to 
 

   (i) construct a probability distribution table 
  (ii) use it to find the value of an unknown constant 
 (iii) calculate the mean and standard deviation 

 
 

This question was generally well done by the candidates. However, a few of them 
neglected to put a negative sign in the probability distribution table (i.e. -2) or they 
found the variance instead of the standard deviation. 
 
Answer: (b) 0.56 (c) E(X) = 1.186 million dollars; 

   Standard deviation = 1.58 million dollars 
 

Question 10 
 

This question tested the candidates’ ability to 
 

   (i) identify the distribution that may be used to model data 
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  (ii) calculate the mean of the distribution 
 (iii) calculate P(X < 2) 

 
This question was not well done.  One candidate did not respond.  Candidates      
incorrectly identified the distribution as a binomial or Poisson distribution.  Of the 
two candidates correctly identifying the distribution as geometric one incorrectly 
stated the formula for P(X = 2) as q2p. 
 
Answer: (a) X ~ Geo (p)    (b)    p = 1/6 (c) P(X < 2) = 11/36 

 
Question 11 

 
Candidates were required to 

 
(a)      find the resultant of three forces, each written in the form ai + bj. 
 
(b)      use the principle that when a particle is in equilibrium, the vector sum of its 
           components is zero. 
 
Instead of determining the resultant of the forces acting on the particle, many       
candidates calculated the magnitude of the resultant of each force. 
 
Few candidates were able to apply the fact that for equilibrium SFi = 0. 
 
Answer:  (a) R = 6i – 3j (b) p = -6, q = 3 
 
Question 12 
 
In this question the candidates were required to resolve forces on an inclined plane, 
and apply the principle that for a particle in equilibrium, the sum of the components 
of the forces in any direction is 0. 
 
 
 
Diagrams were fairly well drawn, but too many candidates experienced difficulty 
showing the correct directions in which forces were acting.   
 
Answer: W = 7.26 n 
 
Question 13  
 
In this question candidates were required to sketch a velocity-time graph, and use it 
to calculate the time taken by a train to cover a given distance. 
 
Candidates had no difficulty sketching the graph.  They also knew that the area of the 
enclosed region represented the total distance.  Difficulty was, however, experienced 
in elementary concepts such as finding the area of the trapezium. 
 
Answer: (b) 380s 
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Question 14 
 
In this question candidates were required to apply Newton’s law of motion for two 
particles connected by a light, inelastic string passing over a rough inclined plane 
while the other particle hangs freely. 
 
There was hardly any middle score on the question.  Candidates either did it very 
well or were unable to do it.  Those who were unable to do it experienced difficulty 
from the outset as they were unable to insert the tension in the portion of the string 
passing over the pulley.  Newton’s law was then incorrectly applied. 
 
Answer: (b)(i) 2.24 ms-2 (ii) 30.2N 
 
Question 15 
 
Candidates were required to 
 
(i) apply the principle of conservation of linear momentum, to a bullet passing 

through a  stationary block of wood 
 
(ii) find the power at which an engine traveling up an inclined hill, was working. 
 
The majority of candidates attempted to apply the principle of conservation  of  linear 
momentum, and did so correctly.  Others, however, attempted to use conservation of 
kinetic energy, which was incorrect. 
 
 
 
 
In part (b) they were unable to derive an expression for the pull of the engine up the 
hill.  This resulted in their inability to calculate the Power as required. 
 
 Answer: (a) 0.3ms-1 (b) 606kW 
 
 

 
 Paper 02 

 
 SECTION A (Module 1: Discrete Mathematics) 

 
Question 1 
 
This question tested topics in Logic and Boolean Algebra. 
 
With the exception of part (d), which required the use of laws of Boolean algebra to 
simplify an expression, all parts of this question were adequately answered by most 
candidates. 
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Question 2 
 
In this question, candidates were required to formulate and solve a linear program-
ming problem. 
 
Parts (a), (b) and (c) were well done by most candidates.  Although candidates had 
correct graphs drawn, not all of them were able to identify the vertices of the feasible 
region, which simply required the read-off of coordinates.  None of the candidates 
answered part (d) well, perhaps because a description of a method was required. 
 
SECTION B (Module 2: Statistics) 
 
Question 3 
 
This question tested the candidates’ ability to 
 
(i) find the value of a constant for a given continuous random variable 

 
(ii) calculate the probability, expected value, variance, cumulative function and 

the lower quartile 
 
This question was not well done.  Candidates were generally able to find the value of 
the constant k after which they incorrectly set up the continuous random variable as a 
discrete random variable and proceeded to find P(X > 2), E(X), Var(X) and F(x). 
  
 
 
Answers: (b)(i) 16/17 (ii) E(X) = 3.21  Var(X) = 0.406 
   
                       (c)(1)                       0           x < 1 
           x4 – 1           1 < x < 4 
                          225 
                             1           x  > 4 
 
     (ii) Lower quartile, q = 2.84 
Question 4 
 
This question tested the candidates’ ability to calculate probability using the 
 
  (i) binomial distribution 
 (ii) Poisson distribution as an approximation to the binomial 
 
It also required candidates to calculate a conditional probability P(A|B) given P(A), P

(B) and P(AB) as well as draw a Venn diagram to indicate given probabilities in 
each. 
 
This question was quite well done with candidates getting full marks on (a) (i) and 
(b) (i) and (ii).  Some candidates incorrectly interpreted probability of more than 2 as 
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P(X > 2).  Part (a)(ii)  was poorly done as all candidates who incorrectly used the 
normal distribution to the binomial instead of the Poisson distribution. 
 
Answers: (a)               (i)        0.135 (b) 0.362 
                     (ii)       0.647 
 
   (b)               (i)        1/3 
                     (ii)  
 
Question 5 
 
Given an equation for the velocity of a particle, in the form v = f(t), candidates were 
required to find 
 
  (i) the acceleration of the particle at a given time 
 (ii) the distance covered by the particle between two given times 
 
Candidates were generally able to use acceleration = dv/dt, to find the value of the 
acceleration at a given time.  They were also unable to perform the necessary        
integration to calculate the distance covered between the two given times. 
 
Answer: (i) 30.4 ms-2 (ii) 700 m 
 
Given that the resistance to motion of a particle falling through a medium is         
proportional to the velocity v, candidates were required to 
 
  (i) find an expression for v in terms of  t, and 
 (ii) show that the velocity approaches a given limit as t → ¥. 
 
The candidates were able to find the resultant force acting on the falling particle and 
apply F = ma = m dv/dt.  They, however, experienced some difficulty in solving the 
resultant differential equation.  Some candidates avoided the solution of the          
differential equation by interpreting ‘approaches a limit’, as “becomes constant”, 
thereby, finding v when a = 0. 
 
Answer: (a) 304 ms-2 (ii) 700m (b)(i) v = mg/k (1 – e –kt/m). 
 
Question 6 
 
This question required candidates to 
 

(i) model the motion of a projectile as a particle moving under constant  grav-
itational force neglecting air resistance, and use the equations of    motion 
of a projectile 

 
(ii) use the principle of conservation of energy. 
 
On the whole, this was a well done question.  Candidates showed that they were  

F(x) =         
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familiar with solving problems of this type.  A weakness was evident when they were 
required to use the principle of conservation of energy.  They were unsure about the 
application of 
 
Total energy at P = total energy at Q 
 
Or 
 
Potential Energy = Kinetic energy 
 
Answer: (a)   1.5s     (b)   11.25m (c)     2s       (d) 26.5 m s-1 
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GENERAL COMMENTS

INTRODUCTION

The revised Applied Mathematics syllabus was followed this year for the second time.  Of the one hundred
and forty one candidates registered for the examination, one hundred and thirty three wrote all the required
papers of Option C, while one candidate wrote only Paper 02 of Option C.  One candidate wrote all the
required papers of Option B and five wrote all the required papers of Option A.  One candidate wrote the
Alternative to the SBA Paper in Option C.

This is a one-Unit course comprising three papers and three options.  However a candidate is required to
take only ONE Option.  Papers  01 and 02 were examined externally, while Paper 03 was examined
internally by the teachers and moderated by CXC.  Contributions from Papers 01, 02 and 03 to the Unit
were 40 per cent, 40 per cent and 20 per cent respectively.

The three options are Option A, Option B and Option C.

Option A consists of Discrete Mathematics, Probability and Distributions and Statistical Inference.  Option
B consists of Discrete Mathematics, Particle Mechanics and Rigid Bodies, Elasticity, Circular and Harmonic
Motion. Option C consists of Discrete Mathematics, Probability and Distributions and Particle Mechanics.

GENERAL COMMENTS

Approximately 91 per cent of the candidates obtained  Grades I – V while 7 per cent obtained grade VI and
2 per cent obtained grade VII.  The standard of work seen from most of the candidates in this examination
was above average.  Again this year, candidates appeared to be well prepared in Discrete Mathematics and
generally answered the questions well.  All of the candidates answered all of the questions in this section.
There were a number of candidates who appeared to be well prepared in all three of their modules.  However,
there were a few candidates who seemed not well prepared in modules 2 and 3 of their respective option.  In
general, there were a large number of areas of strength displayed by many candidates, nevertheless, candidates
need to pay more attention to their algebraic manipulation.

Areas of strength displayed by most candidates on this paper were as follows:

· conversion from logic symbols to words
· use of the distributive law
· construction of truth tables
· calculation of the earliest start time
· identification of the number of degrees from a vertex
· definition of a  trail and a path
· construction of an activity network
· identification of the given lines and feasible region in a linear programming problem
· drawing the line x + y = 5
· formulation of the null and alternative hypotheses in words and symbols
· calculation of test statistics
. naming and justifying the use of given distributions
· calculating probabilities of events combined by unions and intersections using appropriate

formulae
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· calculation of P(A / B)
· calculating the expected value and variance of a linear combination of two independent

random variables
· applying the formula for the binominal distribution
· using the Poisson distribution as an approximation to the binomial distribution.

Area weakness/errors exhibited by the candidates were as follows:-

· ability to convert from worked to symbols

· ability to simplify c^~c

· omission of the non-negativity constraints in the linear programming problem
· calculation of the latest start time and hence the critical path
· ability to distinguish between the inverse, converse and contrapositive
· ability to calculate the mean for a given distribution.
· ability to calculate the number of degrees of freedom for a goodness-of-fit using a Poisson

distribution of unknown mean
· justifying the position distribution as an approximation to the binominal distribution
· interpretation of the notation E(Y2) as [E(Y)]2

Internal Assessment

Generally the topics chosen were suitable for candidates at this level.  Again this year, most of the projects
submitted by candidates were from the Discrete Mathematics Section.  These projects were appropriate
and were given adequate treatment by candidates.  There was an understanding of what was required in the
assessment but a number of candidates who tried to incorporate Mathematics from two or more modules
including Module 1 experienced difficulty in doing so.  It appeared that the hands-on approach in which
candidates were afforded the opportunity to apply their mathematics in real life situations served them in
good stead.  Candidates appeared to have developed an overall appreciation of the mathematical concepts
used in their projects and many used them with confidence.  A few candidates were even able to go above
and beyond what was expected of them.

Teachers’ marking of the projects showed that they understood the criteria used and are well aware of the
type of assessment used.  There was generally close agreement between the marks awarded by the teachers
and those by the CXC moderator.

Paper 01   Option C
SECTION A (Module 1: Discrete Mathematics)

Same for Options A and B
Question 1

This question tested the candidates’ ability to
(a ) formulate

(i) simple propositions;
(ii) the negative of simple propositions;
(iii) compound propositions in symbols or in words;
(iv) compound propositions that involve conjunctions, disjunctions and negatives;
(v) conditional and bi-conditional propositions

(b) Use the laws of Boolean algebra (distributive, commutative, associative and the de
Morgan’s) to simplify Boolean expressions.



This question was fairly well done.  Candidates were able to convert from logic symbols to words, use the
distributive law and generally the order of propositions was followed.  The difficulties manifested were in
converting from words to symbols and in simplifying c ^ ~c as well as 0 V(c ^ d).
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In Part (ii) some candidates omitted the use of brackets, while others placed them in the incorrect
position.

Answers
1.

(a)  (i)  a)  If there are clouds in the sky,
         then it is raining

OR

    There are clouds in the sky,
     so it is raining.

       (ii)        q � (r v ~ p)

                                   (b)   c ^ (~ c v d)

      = (c ^ ~ c) v (c ^ d)

      = o v (c ^ d)

      = c ^ d

Question 2
This question tested the candidates’ ability to

(i) identify linear programming problems;
(ii) identify the objective function of a linear programming problem;
(iii) use the concept of slack variables and of basic and non-basic variables.

This question was reasonably well done. In many cases, the objective, in this case maximise was omitted.  A
few candidates did not completely write the objective function, (C =3x + 2y), while some others used the
letter P instead of C.  There were some cases where it was evident that the candidates were unclear as to
what is an objective function and what is the constraint.  Most candidates were able to interpret the table
and convert it to a linear programming problem.  The non-negativity constraints were generally omitted
when setting up the constraints.

Answers
2.

Maximise C = 3x  + 2y

Subject to 6d� yx

1432 d� yx

00 tt yx ,
Question 3
This question tested the candidates’ ability to establish the truth value  of:

(i) compound propositions that involve conjunctions, disjunctions and negations;
(ii) represent a Boolean expression by a switching of logic circuit;
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This question was generally well done.  Candidates were able to correctly construct truth tables for a ̂  b and
a v b.  Most candidates were able to identify the correct proposition for the burglar alarm system and the
computer system as well as to give the valid explanation.

Answers
 3.

      (a) a b a v b a ^ b OR a b a v b a ^ b
T T T T 1 1 1 1
T F T F 1 0 1 0
F T T F 0 1 1 0
F F F F 0 0 0 0

           (b) (i)  a  v  b, since the alarm would sound if at
                 least one of the switches closed.

            (ii) a ^ b, since access could only be obtained if
                 both switches are closed.

Question 4

This question tested the candidate’s ability to

(i) calculate the earliest and latest start times;
(ii) identify the critical path in a simple activity network.

This question was satisfactorily done.  Candidates were able to calculate the earliest start time (EST),
however the latest start time (LST) seemed to have posed problems for a large number of them.  Consequently,
they had difficulty obtaining the critical path.  Even in those instances where EST and LST were correctly
calculated, it was unclear whether the candidates knew how to obtain a critical path as they were unable to
identify the correct critical path.

Answers
   4.

      (a)               Activity           Earliest Start Time           Latest Start Time
                    (No. of Days)                (No. of Days)

A 0                                  0
B 8                                  8
C 8                                10
D                          19                               19
E                           14                               14
F                           20                               20

       (b)  Critical path: ABEDF
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Question 5

This question tested the candidate’s ability to explain and use the terms, trails and paths.

This question was fairly well done.  In Part (a) (i) many candidates were able to identify that there was a
repeat of an edge and a vertex in the case of the trail and the path respectively, but they did not identify the
edge or the vertex that was repeated.

In Part (a) (ii) all candidates were able to state the degree of the vertices from the given diagram.  In Part
(b) many candidates were unable to draw a graph with the required number of degrees.  Some candidates
sketched two different graphs to display the information.

Answers

 5.

 (a) (i)  a) An edge is contained more than
once in the sequence:
BE

 b) A vertex is included more than
once in the sequence:
E

            (ii) Vertex A   B   C   D   E

Degree 2    3    3    2    4

(b) Two examples of possible graphs:

x

x x

x

x x x x



Paper 01   Option C
SECTION B (Module 2: Probability and Distributions)

Same for Option A

Question 6

This question tested the candidates’ ability to model practical situations in which the binomial geometric
and Poisson distribution are suitable.

This question was generally well done.  The majority of candidates were familiar with the names of the
distributions, and with the exception of the Poisson distribution, were able to state the parameters
correctly.

Answers

(a) A is a binomial distribution n = 20 and p = 0.73
(b) B is a geometric distribution with p = 0.005
(c) C is a Poisson distribution with     = 2

Question 7

This question tested the candidates’ ability to:

(i) calculate probabilities of events combined by unions and intersections
using appropriate formulae;

(ii) calculate P( A B)
(iii) use the formula for Var(X) where X follows a geometric distribution.

In Part (a), candidates were able to use a correct formula to obtain                and then use this result to
obtain the required value for )( BAP � .
In Part (b), candidates were generally able to state q/p2- = 5/16 but surprisingly, many then incorrectly
wrote q = 5 and p2 =16.  The invalidityof p = - 4, was stated by the majority of them.

Answers
(a) 2/3
(b) 4/5

Question 8

This question tested the candidates’ ability to calculate

(i) E(Y2) given E(Y) and Var (Y);
(ii) the expected value and variance of a linear combination of two

independent random variables;

Most candidates were able to find

E(X)  given E(X2)  and Var (X) as well

and E(5X – 3Y) given  E(X) and E(Y).

However the calculation of Var (2X – Y) posed greater problems to candidates who incorrectly wrote

- 7 -

O

)( BAP �
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Var (2X – Y) = 4Var(X) – Var(Y) or 2 Var(X) – Var (Y) or E(2X2- Y2) - E(2X – Y)2

Answers

(a) 1.84
(b) -2.2
(c) 10
(d) 1.2

Question 9

This question tested the candidates’ ability to

(i) model the practical situation by the binomial distribution;
(ii) apply the formula for the  binomial distribution;
(iii) justify and use the Poisson distribution as an approximation to the binomial distribution.

This question was generally well done by the candidates.  A few candidates neglected to put a negative
sign in the probability distribution table (i.e. -2) or they found the variance instead of the standard
deviation.

Answers

(a) 0.273
(b) 0.268
(c) 0.751

Question 10

This question tested the candidates’ ability to identify and use the geometric distribution.

This question was not well done.  One candidate did not respond.  Candidates incorrectly identified the
distribution as a binomial or Poisson distribution.  Of the 2 candidates  who correctly identifying the distribution
as geometric, one incorrectly stated the formula for P(X=2) as q2p.

Answer

62.88

Paper 01 Option C
SECTION C (Module 3: Particle Mechanics)

Same for Module 2  Option B

Question 11

This question tested the candidates’ ability to apply the principle of linear momentum to two particles
moving in a straight line.

This was a popular question attempted by a majority of candidates.  They were
able to use the concept of conversation of momentum, but in many cases experienced difficulty
taking the direction of motion of body into account.
A common error was – Total momentum = ( 4 * 9) + (5*5),
instead of (4*9) – (5*5)
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Stating the direction of the combined mass after impact was often neglected.

Answers

11/9 the bodies move in the direction of the 4 kg mass after collision.

Question 12

This question tested the candidates’ ability to apply Newton’s Laws of motion to a particle moving on
an inclined plane with constant acceleration.

There appeared to be a great reliance on memory, rather than an understanding of resolving a force in a
particular direction. For example, the presence of the force P was often neglected, and the normal section
R, equated to 1200g Cos 30o.   Only the high scoring candidates were able to solve the problem.

Answers

7820 N

Question 13

This question tested the candidates’ ability to find

(i) use a velocity-time graph to calculate displacements;
(ii) apply the appropriate equation of motion for constant acceleration in a straight line to

calculate the time taken.

Few candidates used the diagram to solve the problem, but the majority proceeded to use the equations
of motion for a body moving with constant acceleration.  This approach led to failure in Part (c), when
they assumed that the acceleration was constant for the first 16 m.

Answers
10 3

2 s

Question 14

This question tested the candidates’ ability to find

(i) the constant acceleration
(ii) the tension in the wire, for a body of given mass, connected by a weightless wire and

moving vertically upwards from rest.

Candidates were able to use correctly the equation of motion to determine the acceleration.  Using this
value for acceleration, they then applied Newton’s Law to find the tension in the wire, during acceleration
and during the deceleration periods.

Answers
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(a) (i) 2.4 ms-2 (ii)  61000 N (b)   37000 N
Question 15

This question tested the candidates’ ability to use the equations of motion of a projectile.

Given the initial velocity u, and angle of projection Ü, candidates were required to

(a) show that the horizontal range is 
g

du 2sin2

(b) calculate the angle of projection for which the range is a maximum
(c) determine the time of flight.

This question proved to be difficult, as candidates seemed to know the results but were unable to prove
them or apply them to solve the problem.

Answers
(b) 450

                        A.   57.7 s

Paper 02 Option C
SECTION A (Module 1: Discrete Mathematics)

Same for Options A and B

Question 1

This question tested the candidates’ ability to

(a) formulate

(i) the negative of simple propositions;
(ii) compound propositions in symbols or in words;
(iii) compound propositions that involve conjunctions, disjunctions and negatives;

(b) establish the truth value of a compound proposition that involves conjunctions,
disjunctions and negatives.

(c) state the converse, contrapositive and inverse of implications of propositions.

(d) use truth tables to

(i) determine whether a proposition is a tautology or a contradiction;
(ii) establish the truth value of the converse, contrapositive and inverse of implications of

propositions;
(iii) determine equivalent propositions.

(e) use the activity network algorithm in drawing a network diagram to model a real
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world problem.

Generally this question was well done.  In Part (a) many candidates were unable to correctly identify the
propositions using the given terms inverse, converse and contrapositive.

In Part (b) most candidates were able to construct correctly the truth tables for yx �  and ~ yx ~� .
Candidates were able to identify the statements yx �  and ~ yx ~� as logically equivalent, but a few
of them had problems clearly communicating the answer.

In Part (c), some candidates introduced unnecessary additional symbols to express the given proposition.
Having constructed the truth table for this proposition it became evident that some candidates did not
understand the significance of getting all zeros in the answer.

In Part (d), no candidate displayed the activity network algorithm to construct the activity
Network.  Nevertheless many candidates were still able to correctly construct the activity network, while
a few candidates incorrectly placed the duration on the network.  There were those who did not include
the direction by using arrows and did not give the correct precedents to D.

Answers

1.

(a)  (i)  Inverse

      (ii) Converse

      (iii) Contrapositive

   (b) (i)    X Y ~X ~Y X �Y ~Y �~ X
   T T  F  F    T       T
   T F  F  T    F       F
   F F  T  F    T       T
   F F  T  T    T       T

       OR
  X Y ~X ~Y X �  Y ~Y �~ X
  1 1   0  0     1       1
  1 0   0  1     0       0
  0 1   1  0     1       1
  0 0   1  1     1       1

      (iii)     x �y and ~ y �~ x are logically equivalent, since the corresponding terms in their
   truth tables are the same.

(c) (ii)              P           ~P           P^ ~P   OR           P           ~P            P^ ~p

    T  F F                 1              0              0



 (i) P^ ~P

Since all the terms in its truth table are F10, ‘To have your cake and eat it’, that is, p^ ~p is a contradiction.

    (d) Order of Vertices in Network
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A A

B B

C C A

D D

E E

B B

C C
B,C

D D

E E

D D
D

E E

E E E

                                                               B
                                       4                          2

                            0                                    4                                   6                    9
             Start          o       A                  o                          D o          E o      Finish

                                                   4                                     8
                                                              C
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Question 2

This question listed the candidates’ ability to

(i) identify and graph linear inequalities in two variables;
(ii) determine the solutions set that satisfies a set of linear inequalities in two variables;
(iii) determine the feasible region of a linear programming problem;
(iv) formulate linear programming model in two variables from real world data.

Generally this question was fairly well done.  In Part (a), the answers given were not in a structured
format, that is

Minimize … write the objective function here
Subject to … give the constraints here

The objective function and constraints were mixed up, hence variables were not clearly and completely
defined.  Some constraints were not represented as an inequality but rather as an equality.  Non-negativity
constraints were generally omitted.  Candidates need to exercise caution when simplifying inequalities.
Some candidates did not seem to understand the concepts of “at least” and “at most”.

Part (b) was generally well done.  Lines were labeled accurately, but some candidates were unable to
determine the feasible region correctly.  Those who obtained the incorrect feasible region used x + 2y d 7
 instead of x + 2y t  7.  All candidates were able to correctly draw the line x + y = 5, however few
candidates were able to correctly obtain A (the maximum) and B (the minimum) using the line x + y = 5.   In
several instances, the A and B identified were not in the feasible region.  Both methods of determining
optimal points need to be taught, that is by considering intersection of parallel lines with the vertices as well
as considering the value of the objective function at the vertices of the feasible region.

Answer

2.

(a)        x: no. of large trucks used
      y:  no. of small trucks used

            Minimize  240x + 100y

            Subject to 

12002460 t� yx

50d� yx

25dx

15ty

00 tt yx ,
yx, integers



-  1 4  -

(fa) y s

l o ­

g ­

s '

7 ­

6 ­

5

4 ­

3 ­

2  ■ 

1 ■

0  1 2 3 4 5 6 7  .5 9 10 x

0

A

P

B
T

o 2 3 4 5 6 7 & 9 10 x



- 15 -

Paper 02    Option C
SECTION B (Module 2: Probability and Distributions)

Same for Option A

Question 3

This question tested the candidates’ ability to;

(i) use a cumulative distribution function to solve problems involving probabilities;
(ii) calculate probability, expected value, and probability density function for a cumulative

distribution function;
(iii) apply the properties of probability density function to determine the value of the

constant;
(iv) calculate probability, for a probability distribution function.

This question was not as well done as expected.  In part (a) (i) only two students were able to state the
value of P(X = ½) correctly.  Instead candidates integrated between the limits ½ and 1.  For Part (ii),
candidates seemed unfamiliar with F(x) and so replaced it with f(x) and then proceeded to integrate
between limits ½ and ¾.

In Part (iii), many candidates correctly differentiated F(x) to get f(x), but were unable to obtain a full score
because they did not define the probability density function over the entire range, that is for x < 0 and
x 0t .

Candidates generally performed better in Part (b) than Part (a).  They were able to show that 
15
4

 k ,

and many of them were able to find the expected value of Y, however some of those who were unable

to find E(Y) defined it as ¦ y  f(y) and did not complete the solution, while a few recovered.

In Part (c) the concept of  P(Y d yn) as 

³
ny

1

                                was not well demonstrated.  Many

candidates did not include the lower limit, but these correctly wrote the value of the probability as 0.3.

Answers

(a) (i) 0 (ii) 0.28125 (iii) x +½   10 dd x

              0       otherwise

(b) (ii) 1.65 (iii) 1.53

100
)( n
dyyf  
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Question 4

This question tested the candidates’ ability to:

(i) calculate the number of ordered arrangements of n objects taken r at a time without
restrictions;

(ii) calculate the number of selections of n objects taken r at  a time with restrictions;
(iii) calculate the probability of an event A in a possibility space S using independent events

and the formula P(A) = )(
)(

Sn

An

where n(A) and n(S) are obtained from appropriate

counting techniques.

Some good responses were obtained in this question.  Some candidates gave a number for the answer
with no intermediate steps and in cases where these values were incorrect, the candidate ended up losing
all of the marks. Candidates need to be encouraged to display all steps in their working to gain full marks.

In Part (a) (i), some candidates interpreted the 12 students like 12 objects of which 7 were of one type and
5 of another type and so gave their answer as
12!/ (7!5!) instead of 12!

Many candidates were unable to deal with the various restrictions

In Part (b), there were a few candidates who calculated the probability using ‘with replacement’ rather
than ‘without replacement’.

Answers

(a)
(i) 479001600
(ii) 39916800
(iii) 3628800
(iv) 7257600
(v) 224985600

(b) 35/66
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Paper 02 Option C
SECTION C (Module 3: Particle Mechanics)

same for Module 2 Option B

Question 5

This question tested the candidates’ ability to

(i) apply Newton’s Laws of motion to a system of two particles, connected by
a light inextensible string passing over a smooth fixed light pulley moving on an inclined
plane with constant acceleration;

(ii) use the work-energy theorem to solve problems.

The question was attempted by a majority of candidates all of whom attempted to apply
Newton’s Law.  They however failed to take into account the component of the weight along
the plane, and too often the equation T = 12a was seen, instead of T - 12 g sinD  = 12a.

(b) Given the mass of a vehicle, and its distance traveled in accelerating from a given speed to a
greater speed, candidates were required to determine the average tractive force of the vehicle.

Few candidates applied the principle of ‘work done = change in Kinetic Energy”.
The majority used the equation of motion v2 = u2 + 2as to calculate the acceleration, and then applied:
Force = mass  x  acceleration.

Answers (a)  (i) 2.94 ms-2 (ii) 54.9 N (iii) 116 N

(b) 805 N

Question 6

The question tested the candidates’ ability to:

(i) apply  a  =  v

(ii) using Newton’s Laws of motion to a constant mass moving in a straight line
(iii) formulate a first order differential equation to model the linear motion of the mass when
                the applied force is proportioned to its velocity.

The candidates were given the mass of a body which was moving forward with velocity v ms-1 against a
variable force of resistance proportional to v2, producing a forward constant thrust of given magnitude.
It was required to (a) Sketch a diagram to show the forces acting  on the system and the direction of the
acceleration.

(b) Show that the motion of the body may be modeled by the differential equation ds/dv =
                               given that the body starts from rest and that a = 0 ms-2 when v = 6ms-1.

Part (a) was well done by candidates, who drew correct diagrams showing clearly the forces and
direction of motion.

dx

dv

236
14

v

v

�



(b) Few candidates were able to solve this problem, as it appeared that  they were not familiar
with expressing acceleration in the form v dv/ds.

Paper 01 Option B
SECTION C (Module 3: Rigid Bodies)

Question 11

This question required candidates to calculate the elastic potential energy in a spring, given its natural
length, stretched length, and modulus of elasticity. This question was well done, and did not present any
difficulty as candidates were familiar with, and able to apply the necessary formula to obtain the result.

In the second part of the question, it was required to find the velocity of a particle which was attached
to the spring, and released from rest to pass through a given point.

The principle of conservation of energy was applied, and the velocity calculated.

Answer

(a)    2.43 J (b)   1.27 ms-1.

Question 12

Candidates were required to consider the motion of a particle attached to one end of a light inelastic string,
and moving in a horizontal circle, while a second particle was hanging freely from the other end of the string
which passed through a fixed ring

Difficulty was experienced by candidates in considering the circular motion of the particle.  They appeared
to be unfamiliar with the direction and magnitude of the acceleration for motion in a circle.  This resulted in
a poor performance on this question.

Answer

3.96 ms-1

Question 13

Candidates were required to determine the ratio of the radius to the height, of a regular cylinder,
attached to a hemisphere of equal radius, so that the centre of mass of the solid formed is on the
plane of the intersection of two figures.

This was not a popular question.  Candidates did not attempt to take moments at any stage.  If the
centre of mass of the solid is at G, then equating the moments about G to 0, provides the equation
from which is determined that the ratio is 31:

- 18 -



Question 14

This question described a uniform ladder with one end resting on smooth horizontal ground, and the other
resting against a rough vertical wall.  The ladder is kept in equilibrium by a force P applied to the end of the
ladder on the ground.  Candidates were required to (a) draw a diagram showing the forces acting on the
ladder (b) show that the least magnitude of P required to prevent the ladder from slipping down the wall is
equal to a given expression.

Part (a) was well done, showing forces clearly.  In Part (b) majority of candidates were able to resolve in
horizontal and vertical directions correctly.  However, they experienced difficulty in attempting to take
moments.

Question 15

In this question, it was stated that the depth of water in a harbour may be modelled by simple harmonic
motion with equation d2

x/dt2 = - 2Z x where x, is the depth of water at time t.

Given the depth of water at low tide and at high tide, and the  times of occurrence of these on a particular
day, candidates were asked to -

a. state the value of the amplitude a.
b. state the value of the period, and hence determine the value of
c. write an equation expressing x in terms of t, if x = a, when t = 0

This was not a popular choice.  Candidates clearly associated SHM with vibrating springs or swinging
pendulums, and not with tides.

Answers

(a)   3  (b)    Period = 12.5 hrs, 254 /SZ       (c)   x=3 cos t254 /S

Paper 02  Option B
SECTION C (Module 3:  Rigid Bodies)

Question 5

Given a particle suspended from a fixed point by light elastic string of given modules of elasticity,
candidates were required to investigate the motion, showing that while the string is taut the particle will
describe SHM.

This was not a popular question.  Candidates experienced difficulty from the outset, as they were unable
to determine a starting point from which to work towards a solution.
For example:  Let the particle be a distance x from O at time t.  This would then allow them to apply
Hooke’s Law to obtain an expression for T, in terms of x and a.

- 19 -
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At this point Newton’s Law will be applied, and the required differential equation for SHM seen.

Answers

(b) � �ga2                 (e) � �ga 42 /S

Question 6

This question considered the motion of a body P from rest at the top of O of a smooth sphere, centre
C. Candidates were required to use the energy equation to find an expression for the normal force
acting on the body, and the value of the angle, OCP, at which the particle leaves the surface of the
sphere.

Candidates were unable to obtain an expression Zr , for the velocity of the particle moving with circular
motion.  They also experienced difficulty with the acceleration 2Zr , towards the centre of the sphere.
Resulting from this was their inability to obtain the energy equation and the normal equation of motion.

Answers

(c)   48.20

Paper 02 Option A
SECTION B (Module 3: Statistical Inference)

Question 5

This question tested the candidates’ ability to:

(i) formulate null and alternative hypotheses;
(ii) carry out      goodnes-of-fit test for a Poisson distribution of unknown mean

This question was quite well done.  Most candidates had difficulty calculating the mean of the data given.
Problems were also experienced calculating the number of degrees of freedom for a goodness-of-fit using
the Poisson distribution when the mean was unknown.  These candidates used n – 1 rather than n – 2.
Most of the candidates were able to calculate the expected frequencies, but care must be taken to ensure
that the total of these equal to the total of the observed frequencies.  Generally candidates were able to
state the null and alternative hypotheses and calculate the test statistic.
Candidates correctly combined classes in the case where the expected frequency was less than 5.

Answers

(a)   1.7     (b)   H0:X~Po(1.7)   (c)  18.268,31.056,26.398,14.959,6.3575,2.9615

(d)   (i) 3,  (ii)  7.815    (e)   4.121    (f) accept H0 and conclude that X ~ Po (1.7)

- 20 -
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Question 6

This question tested the candidates’ ability to formulate hypotheses and test the null hypothesis for the
population mean using a p – value approach when a sample is drawn from a normal distribution using a
z test.

Almost all candidates were able to formulate null and alternative hypotheses in words and symbols and
name the distribution and justify its use.  Some candidates experienced difficulty in obtaining the correct
p-value because of inaccurate calculation.

Answers

(a)   H0: tP  5 (b) since the sample size n  =  40 > 30 is large by central limit theorem a normal distribution
is used in the test and in calculation the p-value.  (c) 0.0174   (d) reject H0 if p<0.05
(b)    reject H0and calculate that the mean weight loss is less than 5kg.
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    APPLIED MATHEMATICS 
 
     MAY/JUNE 2007 
 
     INTRODUCTION 
 
The revised Applied Mathematics syllabus was followed this year for the third time.  Of the one 
hundred and fifty-nine candidates registered for the examination, one hundred and twenty-one wrote 
Option C, twenty–seven wrote Option B and eleven wrote Option A.  One candidate wrote the 
Alternative to the SBA Paper in Option C. 
 
This is a one-Unit course comprising three papers and three Options. However, a candidate is required 
to take only ONE Option. Papers 01 and 02 were examined externally, while Paper 03 was examined 
internally by the teachers and moderated by CXC. Contributions from Papers 01, 02 and 03 to the 
Unit were 40 per cent, 40 per cent and 20 per cent respectively. 
 
The three options are Option A, Option B and Option C. 
 
Option A consists of Discrete Mathematics, Probability and Distributions and Statistical Inference. 
Option B consists of Discrete Mathematics, Particle Mechanics and Rigid Bodies, Elasticity, Circular 
and Harmonic Motion. Option C consists of Discrete Mathematics, Probability and Distributions and 
Particle Mechanics. 

 
GENERAL COMMENTS 

 
Acceptable grades, Grades I to V, were obtained by 79 per cent of the candidates writing Option C, 33 
per cent of the candidates writing Option B and 64 per cent of the candidates writing Option A.  The 
standard of work seen from many candidates in this examination was above average. Again this year, 
candidates appeared to be well prepared in Discrete Mathematics and Probability and Distributions 
and generally answered the questions well. Many candidates did not do well in the Mechanics 
module.  Despite this fact, there were a number of candidates who appeared to be well prepared in all 
three of their modules.  In general, there were a large number of areas of strength displayed by many 
candidates. Nevertheless, many candidates still need to pay more attention to their algebraic 
manipulation. 
 
Areas of strength displayed by most candidates on this paper were as follows: 
 

x� conversion from words to logic symbols 
x� construction of truth tables 
x� calculation of  the earliest start time 
x� identification of the number of degrees for a vertex 
x� formulation of the null and alternative hypotheses in symbols 
x� calculation of  test statistics 
x� naming and justifying the use of  given distributions 
x� calculating probabilities of events combined by unions and intersections using appropriate 

formulae 
x� calculating the expected value and variance of a linear combination of two independent 
 random variables 
x� applying the formula for the binomial distribution     
x� use of the Poisson, geometric and normal distributions to solve problems.  
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The areas of the course which the candidates found difficult were as follows: 
           

x� inability to convert from words to symbols 
x� manipulation of the rows in the simplex method 
x� omission of the non-negativity constraints in the linear programming problem 
x� calculation of the latest start time and hence the critical path 
x� inability to construct an activity network algorithm 
x� inability to calculate the number of degrees of freedom for a goodness-of-fit using a Poisson 

of unknown mean 
x� inability to resolve forces correctly 

 
Internal Assessment  

 
Generally, the size of the samples submitted were adequate and marks were entered correctly onto the 
AMAT1-3 forms. 
 
This year, the overall presentation and quality of samples submitted were satisfactory. Candidates 
chose topics which were relevant to the objectives of the syllabus and, in most cases, were suitable to 
their level. In fact, a few candidates excelled in their assignment, employing techniques beyond the 
level expected. 
 
Projects equally incorporated Discrete Mathematics with Particle Mechanics and Discrete 
Mathematics with Statistics and Probability, while a small number of candidates did their project on 
only one of the 3 modules. 
 
Samples were generally well done, with 71 per cent being adequately handled, 24 per cent were 
successfully accomplished, while the remaining 5 per cent were vague.  
 
Not all candidates gave full descriptions of their plan for carrying out their tasks. 81per cent gave 
articulate descriptions of their investigation. The majority showed clear evidence of doing purposeful 
mathematics in relation to collecting of data. However, the integration and use of diagrams and 
illustrations could have been more effectively utilized.  
 
The majority of candidates appeared to have a better understanding of the syllabus; they were 
successful at applying their mathematical knowledge appropriately and within context.  
 
Few candidates included in their evaluation the insights into problems encountered in their 
investigation or what was done to resolve them. The majority of candidates also disregarded or 
perhaps did not understand what was meant by “suggest (2 or more) ideas for future study of the 
assignment’s topic and suggestions for improvement.” 
 
Most candidates had little or no difficulty with grammar or structuring of their statements. However, 
some candidates lost marks for lack of recording their actions at each stage of the investigation, as 
well as during calculations. 
 
Teachers’ assessments of assignments were generally appropriate since the majority of the marks 
were in agreement with that of the moderator. Overall, both teachers and candidates displayed a 
satisfactory understanding of the assessment criteria and the ranking of the candidates was reliable in 
most of the cases. 
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      Paper 01   Option C 
     SECTION A (Module 1: Discrete Mathematics) 

         same for Options A and B  
Question 1 
 
  This question tested the candidates’ ability to: 
 
   (a)  construct truth tables for given compound propositions that involve  
    conjunctions, disjunctions and negatives 
 
   (b)     use the result obtained from the truth table, in Part a, to simplify the given 
    proposition. 
 
This question was well done by most candidates. In Part (a) candidates were able to correctly 
construct the truth tables for p� q and ~p�  q  and most of these candidates were able to correctly 
explain why these two propositions are equivalent. 
 
In Part (b) candidates were able to use the truth table to simplify the given proposition.  Some 
candidates used the result obtained in Part (a) along with the distributive law and the complement law 
to simplify the expression. 
 
Answers 
 
1 (a)                                                                           OR 

p q ~p p� q ~p �  q 
 T T F T T 
 T F F F F 
F T T T T 
F F T T T 

 
p� q and ~p �  q are logically equivalent since the corresponding terms in their truth tables are the 
same. 
 
(b)   (p �  q) �   (p � q)  = (p �  q) �   (~p �  q) 
                        = (p �  ~p) �  q 
                        = 0 �  q 
                        = q 

OR 

p q p � q p� q ( p �  q) �   (p� q) 
T T T T T 
T F T F F 
F T T T T 
F F F T T 

OR 

 
 
 
 
 

p q ~p p� q ~p �  q 
1 1 0 1 1 
1 0 0 0 0 
0 1 1 1 1 
0 0 1 1 1 

p q p �  q p� q ( p �  q) �  (p� q)
1 1 1 1 1 
1 0 1 0 0 
0 1 1 1 1 
0 0 0 1 0 
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(p �  q) ^ (p� q) = q since the corresponding terms in their truth tables are the same 
 
Question 2 
 
This question tested the candidates’ ability to formulate compound propositions in symbols in terms 
of the given propositions w, x, y and z and the logical connectives ��,   and ~.  

This question was reasonably well done. Candidates were able to answers Parts (a) and (c) correctly.  
In Part (b) some candidates, incorrectly expressed the proposition as ~ wy � .  In a few instances, 

candidates used the incorrect symbol for the proposition.  
 
Answers 
 
  (a)  z �  x 
  (b)  ~( y  �  w)  
             (c)        x �  y 
 
Question 3  
 
This question tested the candidates’ ability to  
 

(a)� construct an activity network showing the cost associated with allocating three 
individuals A, B and C  to three tasks P, Q and R  

(b)� identify which one of the vertices  P, Q and R has the highest degree.  
  
This question was well done, with candidates being able to represent individuals and tasks as vertices 
and costs as edges. It should be noted that very few candidates displayed the correct directions on the 
edges.  
 
Part (b) was well done by all candidates who were able to identify the vertex with the highest degree. 
 
Question 4 
 
This question tested the candidates’ ability to formulate a linear programming problem in two 
variables from real-world data. 
 
The performance on this question was disappointing. Most candidates were unable to correctly obtain 
the objective and objective expression as well as the correct constraints. Many candidates gave the 

constraints as       
805
1107

d�
d�

yx
yx

    instead of   
805
1107

t�
t�

yx
yx

  

 
Some candidates also used the equality symbol  instead of the inequality symbol. Candidates correctly 
indicated that x and y are non-negative constraints, but did not indicate that they must be integers. 
 
Answers 
 
Minimize       x + y 
Subject to      x + 7y t  110 
                    5x + y   t    80 
 
                         x, y, t  0 
                         x, y, integers   
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Question 5 
 
This question tested the candidates’ ability to: 
 

(a) to determine a Boolean expression for a given logic circuit 
(b)�  identify which one of the given circuits is equivalent to an OR and a   
  NOT gate. 

 
This question was fairly well done. In Part (a) many candidates were able to identify the correct 
expression for circuits A, B, C and D.  However, circuit E proved challenging to a number of 
candidates.  Only a few of those who were able to write down the expression, simplified it correctly.  
.  
In Part (b) most candidates were able to identify the NOT gate, but few were able to identify the OR 
gate. 
 

Answers 
 

  (a)   A: ~ r  
                B:  ~ (r �  s)     OR      ~ r �  ~ s 
          C: r �  s  
                     D: ~ (~r �  ~s) 
                          = r �  s 
                     
         E: ~ (~r � ~(r � s)) 
                         = r �  (r �  s) 
                         = r   
 
    (b)  (i)  Circuit 2 functions as an OR gate 
        (ii)  Circuit 1 functions as a NOT gate 

 
 

     Paper 01   Option C 
     SECTION B (Module 2: Probability and Distributions) 

       same for  Option A  
 
 
Question 6 
 
This question tested the candidates’ ability to calculate the number of ordered arrangements of n 
objects taken r at a time, with and without restrictions. 
 
This question was generally fairly well done.   In Part (a), many candidates gave the answer as 7! 

instead of 
!2

!7
, while in Part (b), most candidates were able to fix the first and last positions, but 

encountered difficulty arranging the remaining letters.  Errors seen were 2
!2

!4
3 xx  and

 2!53 xx

Answers 
 

(a) 2520 
  

(b)�    360. 
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Question 7 
 
This question tested the candidates’ ability to: 
 
          (a)  state TWO properties that must be satisfied by a discrete probability distribution, 
          (b)  use the given probability distribution table to obtain the value of the constant a, as   
    well as to determine probability.  
   
In Part (a), a few candidates gave the properties for a binomial distribution, but most candidates 
indicated that the sum of the probability is one. 
In Part (b) (i), all candidates were able to find the value of a correctly. The error made in  

Part (b) (ii) was )42()42.2( dd dd XPXP
 

 
Answers 
 

(a)�  1)(0 d d xXP      and  1)(   ¦ xXP  

(b) (i)     a = 0.35               (ii)       0.4 
 
 
Question 8 
 
This question tested the candidates’ ability to apply the Poisson formula in solving problems.  

 
This question was quite well done.  Part (a) was well done by all candidates. Part (b) posed 
problems for a number of candidates who used 2 O instead of 4 O . 
Another error made in this question by candidates was to find )3(1)3( d� t XPYP using 2 O   

Answers 

 
(a)�  0.271 
(b)�  0.762 

 
Question 9 
 
This question tested the candidates’ ability to:  
 

(a)�  model a practical situation by the geometric distribution 
(b)�  calculate the expected value and variance of the geometric distribution  
(c)�  calculate probability using the geometric distribution.  

   
This question was not done as well as expected.  Part (a) was well done by a large number of the 
candidates, however there were a few candidates who identified the distribution as binomial, while 
one candidate identified it as a Poisson distribution. 
 
In Part (b) almost all candidates were able to calculate E(X) and Var(X) correctly. 
 
Part (c) posed difficult to a number of candidates who wrote P(X < 26) = 1- P(X > 26) rather than  
 

 P(X < 26) = 1- P(X > 25) = 251 q� where 
30
29

 q  

 
 
 
 
 
 



 8

 

Answers 
 

  (a) Geometric distribution with  
30

1
 p  

  (b)  (i)   E(X) = 30 and Var(X) = 870. 

 

(ii) 0.572 

 
Question 10 

 

This question tested the candidates’ ability to use the cumulative distribution function to 

 

(a)� find the value of a constant 

(b)� calculate probability 

(c)� determine the probability density function, f(x) 

(d)� calculate the expected value for a linear combination of variable X.  
 

This question was well done by a number of candidates. However, the common error seen in Part (a) 

was the use of integration to find the constant a. For some candidates this error continued in Part (b). 

 

In Part (c), all candidates recognised that they needed to differentiate in order to find the probability 

function f(x), however it was noted that some of these candidates did not indicate the value of f(x) 
when x< 1 and when x > 2. 

 

Part (d) was well done by almost all candidates. 

 

Answers 
 

  

                      (a)   

 

 

(b)� 0.19225 

 

 

           Paper 01   Option C 
SECTION C (Module 3: Particle Mechanics) 

same for Module 2 Option B 
 

Question 11 

 

This question tested the candidates’ ability to  find the magnitude and direction of a third force Q, if R 

is the resultant of P and Q,  given the magnitude and direction of two forces P and  R. 

   

This question was attempted by the large majority of candidates but was not well answered. They 

however interpreted the question as “a body in equilibrium under the action of forces P, Q, and R.”  

Few candidates produced a triangle of forces showing R as the resultant of P and Q.  

 

Answer 
 

Q = 373 N;   Direction - An angle of 19.57
o
 to the vertical. 

 

 

 

 

 

otherwise0

2x1x
8

3
)x(f

2 d� 
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Question 12 
 
This question tested the candidates’ ability to construct a velocity-time graph from data, and use it to 
determine the distance travelled, and the acceleration of a body.  
 
Few candidates used the graph to find the time, given the acceleration. They did not relate the gradient 
to the acceleration. They however were more familiar with associating the area under the graph with 
distance traveled.   The question was generally well answered. 
 
Answer 
 

Total time        =  
3
13 seconds. 

Total distance  =   
3
26 metres. 

 
Question 13 
 
This question tested candidates’ ability to: 
 
 (a)  apply the principle of conservation of  momentum to the direct  impact of two  
  inelastic bodies moving in a straight line. 
 (b)  calculate the kinetic energy  of a body. 
 
This was a popular and well answered question.  Candidates demonstrated their knowledge of  the 
principle and it was evident that they had adequate practice  in solving this type of problem. 
 
Answer 
 

(i)� velocity before impact =  337.4  ms-1  
(ii)� 11.8 J 

 
 

Question 14 
 

This question tested the candidates’ ability to: 
 
  (a)  find the tension  and acceleration, given two particles connected by a light  
  inextensible string passing over a smooth, weightless pulley   
  (b) find the distance travelled by one of the particles before coming to rest. 
 

In attempting to solve this problem, many candidates failed to indicate the forces acting on the 
particles. This led, in many cases, to errors when they attempted to apply Newton’s equation,      
Force = mass u acceleration. The net force was too often incorrect.  
 
In part (b), candidates experienced difficulty as they tried to apply the principle of conservation of 
energy to determine the required height reached by the 8 kg mass. 
 

Answer 
 
(a)� Acceleration  =  1.96 ms-2 . 

Tension         =  94.08 N 
 

(b)� 0.24 m   
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Question 15 
 
This question tested the candidates’ ability to: 
 
(a)�      express resistance in terms of speed, 
(b)�      calculate the maximum speed, given the power developed by an engine, its speed and  
      resistance. 
   
This question presented little difficulty to candidates.  They knew that at the maximum speed, the pull 
of the engine was equal to the resistance, and were familiar with the definition of power.  They were 
able to derive the correct equations and solve the problem.  
 
Answer :   
   (a)   R  =  30 v 

  (b)  Maximum speed = 51.9ms-1 . 
 
             Paper 02   Option C 

     SECTION A  (Module 1: Discrete Mathematics) 
same for  Options A and B  

Question 1 
 
 
This question tested the candidates’ ability to use the Simplex method to solve a linear programming 
model in two variables. 
 
This question was well done by some of the candidates, while the responses obtained from the 
remainder of the candidates were disappointing.  Some of the latter candidates were only able to 
complete one tableau correctly, while others completed only two of them with some of the rows 
incorrectly calculated.   In setting up the first tableau some candidates omitted to rewrite the objective 
function as 025  �� yxP . Those candidates entered 1 5 2...  in the tableau rather than 1 -5 -2...   

All candidates put in the two slack variables. Many arithmetic errors were seen in this question. 
  
Answer                         
    Operations   
Operations    

   

4
1 R2 

  
4
1 R3  

 
 

Operations                                                                                               
  Operations 

R1 + 5R2  R1 + 3R
4

13
 

                                                                                                                                                     
R3 – 4R2  

  R1 + 3R
4

13
 

Operations     
 
   
 
 
 
 
Valid termination of Simplex Method P= 31  

x y s1 s2 RHS 

-5 -2 0 0 0 

4 -1 1 0 4 

4 3 0 1 36 

P x y s1 s2 RHS 

1 0 
4

13
�  

4
5  0 5 

0 1 
4
1

�  
4
1  0 1 

0 0 4 -1 1 32 

P x y s1 s2 RHS
1 0 4

13
�  

4
5  0 5 

0 1 4
1

�
 

4
1  

0 1 

0 0 1 4
1

�   

4
1  8 

x y s1 s2 RHS 
-5 -2 0 0 0 
1 4

1
�  

4
1  0 1 

4 3 0 1 
 36 

P x y s1 s2 RHS 
1 0 0 16

7  
16
13  31 

0 1 0 16
13  

16
1  3 

0 0 1 4
1

�  

 
4
1

 

 
8 
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Question 2 
 
This question tested candidates’ ability to: 
 
(a) use the activity network algorithm to construct an activity network diagram in a real-world 

situation 
 
(b) from a given activity network diagram 
 

(i) calculate the earliest start time, latest start time and float time 
 

(ii)� identify the critical path 
 

(iii)� use the critical path in decision making 
 
 
In Part (a), although the question clearly indicated that the network algorithm should be used, very 
few candidates did so. It was found that less than 3 per cent of the candidates used this method to 
answer the question. The result was that the activity network was poorly constructed by the majority 
of candidates. The major errors seen were 
 

1.� Activity C was positioned after activities F and G 
2.� Activities F and G were not obliquely opposite each other. The same occurred for activities B 

and E. 
3.� Activity D, though clearly the last activity, was found within the activity diagram. 
4.� The times between activities were incorrectly recorded. 

 
In Part (b), the responses to this part of the question showed that candidates were more comfortable 
interpreting an activity network than constructing it. 
 
Candidates were able to determine the earliest start time for the activities. A few had some difficulty 
in correctly stating the latest start time. 
 
Candidates used a variety of diagrams to display the earliest, latest and float times, but the tabular 
form was the most popular. Though the float time in quite a few instances was incorrect, most knew 
that the difference of the two times was required. 
 
Over 80 per cent of the candidates were able to quote the critical path correctly. Furthermore, over   
60 per cent were able to determine the minimum completion time of the project. Very few candidates 
related it to the time associated with critical path and added one month to the time associated with the 
critical path.  
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               Paper 02   Option C 

SECTION B (Module 2: Probability and Distributions)      
            same for  Option A  
 
Question 3 
 
This question tested candidates’ ability to: 
 
 (a)                     (i)      use the Normal Distribution    X  ~    N   (µ , V 2 ) 

(ii)     use     
V
P�

 
xz  

            (iii)     use the Probability Distribution tables 
 
(b)  (i)      use the Binomial Distribution  Y  ~   B  (n , p) 
 

(ii)     state the values of the parameters n and p 

(c )                     (i)      use the inverse of the formula 
V
P�

 
xz  

(ii)     use algebra to simplify. 
 
 
In Part (a) the majority of candidates were able to identify the distribution as Normal and correctly 
stated its parameters.   These candidates were able to standardize correctly, but a few of them used the 
continuity correction factor in error. 
   
In Part (b) the majority of the candidates were able to recall and use the binomial distribution formula. 
However, problems were encountered by the candidates in the substitution process.  The minority did 
not identify the correct values for the parameters n and p. Overall the question was well done and the 
majority of the   candidates obtained full marks.  
 
 In Part (c) some candidates were able to interpret the question correctly. The most common error was 

in the interpretation of 825.0
5

167
 ¸

¹
·

¨
©
§ �

!
aZP . These candidates expressed the previous equation 

as follows: 

175.0825.01
5

167825.0
5

1671  � ¸
¹
·

¨
©
§ �

�� ¸
¹
·

¨
©
§ �

��
aZPaZP  

They then encountered the problem of finding the z-value for 0.1750 in their standard normal tables.  

Candidates who expressed it this way failed to recognize that 825.0
5

167
 ¸

¹
·

¨
©
§ �

!
aZP  means that 

the z-value for 
5

167 a�
 must be negative (because 0.825 is greater than 0.5) .  Those who expressed 

it as 825.0
5
167

 ¸
¹
·

¨
©
§ �

�
aZP  were able to obtain the correct answer. The candidates who avoided 

the error stated above obtained full marks. 
 
Answers 
  
 (a)         0.497        (b)        0.167 
   
 (c)        172 cm to 3 sig. fig 
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Question 4  
 
      This question tested candidates ability to: 
 

(a)� use the probability function f(x) =P(X=x) where f is a simple polynomial or rational function 
(b)� calculate the expected values E(X) 
(c)� calculate the variances Var (X)  
(d)� calculate E (aX+bY), where X and Y are independent random variables. 
(e)� calculate Var(aX+bY) where X and Y are independent random variables. 

(f)� apply the properties f(x) �0 and ³
f�

f�

 1)( dxxf , where f is a probability density function (f 

will be restricted to simple polynomials) 
 
In Part (a) the majority of candidates were able to calculate the exact value of a.  They found the 
solution by integrating and had no difficulties in obtaining a final solution. 
 
In Part (b) candidates did not recall the formula correctly and used other methods to arrive at a 
solution. These methods were not accurate and it was reflected in the overall performance.  
Approximately 60 per cent of the candidates found E (X) correctly, but a number of these same 
candidates experienced difficulty calculating Var (X). 
 
In Part (c) most candidates correctly calculated E(Y) and Var(Y) .  However, a few candidates 
incorrectly used the formula when calculating Var(Y) .  These candidates subtracted E(Y) instead of E 
(Y) 2  
 
In Part (d) some candidates failed to recall E(5) =5.  These candidates gave E(5)=0 and so were not 
able to arrive at the correct answer. 
 
In part (e) the formula was incorrectly used as candidates omitted to square the coefficients of the 
variables when calculating the variance. 
 
Answer  
 
(a)     1    (b)     E(X)=3/4,   Var(X)=3/80  (c) E(Y)=2,   Var(X)=½  (d)  193/20   (e)    93/20 
 

 
 

 Paper 02   Option C 
    SECTION C (Module 3: Particle Mechanics)  

           same for Module 2 Option B  
 
Question 5 
 
This question tested candidates’ ability to: 
 
(a) model the motion of a projectile as a particle moving under constant gravitational force 

neglecting air resistance 
 
(b) use the equations of motion of a projectile to determine the time of flight, the horizontal 

range, the greatest height reached and the Cartesian equation of the trajectory of a projectile. 
 
Part (a) was attempted by 90per cent of the candidates. Most of them got the correct solution, but a 
few students used a variety of methods to find the greatest height rather than doing a simple 
subtraction (10 m – 2 m = 8 m). 
 
Part (b) was poorly done by most of the same candidates. Some candidates who misinterpreted Part 
(a) and used 045 as the angle to attain maximum height, went on and get the same 045 for Part (b). 
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In Part (c), candidates were required to use the following equations: Tcosutx   and 2

2
1 atutx �  

to find the height above the floor. The performance on this part of the question was poor. Common 

errors were: using the formula; 
g

u T2sin
 instead  of  

g
u T22 sin

 for greatest height. 

Answers  
 
   (a)      8 m 

 
  (b)      44.10 
 
  (c)      6.76 m         
 
Question 6 
 
This question tested candidates’ ability to: 
 
(a) resolve forces 
 
(b) use the principle that when a particle is in equilibrium, the vector sum of its forces is zero or 

the sum of the components in any direction is zero 
 
(c) solve problems involving concurrent forces in equilibrium. 
 
In part (a), most of the candidates produced diagrams, but some of them left out important details such 
as the directions of the tensions in the strings and the angles. A few candidates used Lami’s theorem 
correctly at point Q. Most candidates used resolution of forces. 
 
Part (b) (i) was well done by most of the candidates. 
 
Part (c) was well done. M could be found by resolving at R or using applying Lami’s theorem at point 
R 
 
Answer 
   
  (b)       (ii)      12.1 kg 
 
             Paper 02   Option A 

     SECTION B (Module 3: Statistical Inference) 
 
Question 5 
 
 
This question tested the candidates’ ability to: 
    
(a)�  justify the use of the z- test. 
(b)�  formulate null and alternative hypotheses 
(c)�  (i) define a Type I error 
    (ii) state the value of P(Type I error) 
(d)�         state the decision rule 
(e)�         Calculate the test statistic. 
 
 
This question was well done by most candidates, who were able to justify the use of the z- test,  
formulate null and alternative hypotheses, define a Type I error, state the value of P(Type I error),     
state the decision rule but a few of the difficulty calculating the test statistic. 
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Answers 
 
  (a) In this test of the difference between two populations means, data are derived from 
   random, independent samples taken from two normal distributions of known/equal 
   variance. 
 
  (b)  X1 = scores of females candidates  
        X2  = scores of male candidates  
       H0 = 1P  = 2P  
        H1 = 1P  > 12P  
 
  (c) (i)  A Type I error is made when the null hypothesis is rejected when it is actually true.  
        (ii) P(Type I error) = 0.05 OR 5% 
 
  (d) Reject H0  if z test > 1.645  
 

            (e)  z test  = 

21

2121

n
1

n
1

)()xx(

�V

P�P��  

                                      
                                     = 

55
1

60
14.12

02.1853.190

�

��  

                                      |  2.203 to 3dp  
 
  (f) Reject H0 since 2.203 >1.645 and conclude that there is sufficient evidence at the        
   5 % level of significance that the score of females candidates are greater that the  
   scores of male candidates in the CAPE exam.  
 
Question 6 
 
This question tested the candidates’ ability to test the difference between two population means taken 
from normal distributions of known variances using a t- test. 
 
This question was well done by almost all candidates, who were able to carry out the test correctly 
and obtain full marks.  A few candidates gave the incorrect  t value. 
  
Answers 
 
  X: masses of packets of margarine (in grams)  
  H0: 250 P  
 H1: 250zP  
 
 4.2004x  6  

 72.245502x 2  6  
              
            v = 8 – 1 =7  
              Reject H0 if |ttest| > 3.499 
 

              x  = 
n
x6

 

                   = 
8

4.2004
 

                   = 250.55 
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                  = »
¼

º
«
¬

ª 6
�6

� n
)x(

x
1n

1 2
2  

 

                  = »
¼

º
«
¬

ª
�

8
)4.2004(

72.502245
7
1 2

  

 

                  = 185714286.6
7

3.43
|  

                   ttest = 

n

x
V
P

ˆ
�

 

                         = 

8
185714286.6

25055.250 �
 

                         |0.625 to 3sf  
                      
since |ttest|!� 3.499, accept H0 and conclude that there is sufficient evidence at the 1 % level of 
significance that the machine produces 250g packets of margarine. 
 
 

Paper 01   Option B 
    SECTION C (Module 3: Rigid Bodies)  

            
Question 11 
 

This question tested the candidates’ ability to: 
 

(a)� draw a diagram showing  clearly the forces acting on the rod  
(b)� find the inclination of the rod to the horizontal  
(c)� calculate the force exerted by the peg on the rod 
(d)� calculate the  vertical component of the force exerted  by the plane on the rod at its point 

of contact with the ground. 
 

Given a uniform rod resting in equilibrium, with a point of the rod on a smooth peg, and one of its 
ends on a rough horizontal plane.  
 
 
The candidates experienced difficulty inserting the forces correctly. For example, the direction of the 
force exerted on the rod by the  smooth peg was  drawn in the vertical direction, instead of  
perpendicular to the rod, by the majority of candidates. 
 
Another weak area was that of “taking the moment of a force about a point”. They were not taking the 
product of the force and the perpendicular distance of the force from the point. 
This question was not well answered.  
 
Answer 
  (a)  (ii)  30 degrees. 
                (b)  (i)  75.1 N    (ii)  65 N 
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Question 12 
 
This question tested the candidates’ ability to  calculate the period of oscillation of a particle moving 
with SHM , given its velocity and distance  from the centre of oscillation in two specific cases. 
This did not turn out to be a popular question. Those who attempted it seemed to be unfamiliar      
with the  equation  v2  =   Z2 ( a2 – x2 ) , and  the period of oscillation in terms of Z , i.e.  

 T  = 
Z
S2

.  This resulted in low scores  for the candidates. 

 
Answer                      T =  1.6  sec.  
 
 
 
 
 
Question 13 
 
This question tested the candidates’ ability to calculate the distance of the centre of mass of the 
composite body from the base given a solid hemisphere surmounted by a solid cone of equal radius.. 
 
Candidates  did not display any knowledge of  a  satisfactory method  of solving this problem. The 
problem was easily solved by using “moment of composite body = sum of moments of hemi sphere 
and cone”. Instead of this approach, candidates calculated the mean of the distances  of C.G. of 
hemisphere and  cone from the  base.  It was not a popular question.    
 
 
Answer:  13 cm 
 
 
Question 14 
 
 
This question tested candidates’ ability to use Hooke’s law and  apply Newton’s law. 
 
This proved to be an easy question for candidates, as they  experienced little difficulty quoting 
Hooke’s law and  finding the correct resultant force  to be used  in applying Newton’s law of motion. . 
 
Answer :         Acceleration  = 7.13ms-2 . 
 
 
Question 15 

 
This question tested candidates’ ability to solve a problem in which a body was performing circular  
motion on a rough horizontal surface.   
 
This proved to be one of the easier questions for the candidates. They showed  an appreciation of the 
acceleration rZ2 ,  towards the centre of the circle, and  correctly stated that on the point of slipping,    
F = P R. 

 
Answer : 
 
 (a)  0.9 8  (b)   1 N    (c)  1.02  
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APPLIED MATHEMATICS 
 

MAY/JUNE 2008 
 

INTRODUCTION 
 
The revised Applied Mathematics syllabus was followed this year for the first time.  The 
revised Applied Mathematics syllabus is a two-Unit course comprising three papers.  Papers 
01, multiple choice items, and Paper 02, essay questions, were examined externally; while 
Paper 03 was examined internally by the teachers and moderated by CXC.  Contributions from 
Papers 01, 02 and 03 to each Unit were 30%, 50% and 20% respectively. 
 
Unit 1:  Statistical Analysis consists of Collecting and Describing Data, Managing  

Uncertainty and Analysing and Interpreting Data. 
 
Unit 2:  Mathematical Application consists of Discrete Mathematics, Probability and  

Distributions and Particle Mechanics. 
 
 

GENERAL COMMENTS 
 
 
In Unit 1 93 per cent of the candidates obtained Grade I-V.  In Unit 2 approximately 95 per 
cent of the candidates obtained acceptable grades, Grades I – V, while nine per cent obtained 
Grade VI.  The standard of work from most of the candidates in this examination was above 
average.  Again this year, candidates appeared to be well prepared in Discrete Mathematics and 
Probability and Distributions and generally answered the questions well.   
 
However, the questions on particle Mechanics were not well answered.  As in previous years, 
candidates need to pay more attention to their algebraic manipulation. 
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APPLIED MATHEMATICS 
 

MAY/JUNE 2008 
 

PAPER 02 - UNIT 1  
 

Question 1 
 
This question was attempted by the majority of the candidates.  For the most part high scores 
were allocated to candidates. 
 
Part (a)(i) of the question was well attempted with few errors.  Most candidates were awarded 
three or two marks. 
 
Part (a)(ii) of the question, stimulated candidates thoughts on the differences between cluster 
sampling and stratified random sampling.  Most candidates had a fairly good understanding of 
stratified random sampling but far too many were not adequately familiar with cluster 
sampling. 
 
Part (a)(iii) was well done. 
 
In part (b), most candidates scored full marks in compositing the angles for the pie chart and 
were able to successfully construct the pie charts.  Many, however, did not follow the 
instructions to use a radius of 4 cm. 
 
The majority of the candidates scored high marks in part (c)(ii), where they were required to 
compute the standard deviation, however, a minority of them made mistakes in the arithmetic.  
Teachers are encouraged to give the students more practice in this area. 
 
Question 2 
 
This question was generally well done. 
 
In part (a), many candidates left out the first row with the “0” cumulative frequency.  A few 
candidates did not attempt do the cumulative frequency table. 
 
In part (b), quite a few candidates plotted mid points rather than the upper class boundaries, so 
their graphs were translated to the left, hence they got incorrect values from the graph in (c).  
Also, many candidates did not close their cumulative frequency curves by plotting the “0” 
cumulative frequency.  A few candidates used rulers to draw a polygon instead of a smooth 
curve. 
 
In part (c)(i), since “35” was in between the small blocks, few candidates had problems reading 
off the values – they instead read the nearest integer values. 
 
Part (c)(ii) was well done by most candidates.  A few used “120”, the upper class limit of the 
last call interval instead of using the sum of the frequencies to find the position of the 
quantities. 
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In part (c)(iii), some candidates incorrectly read the values from the graph and did not compute 
the position of the upper and lower quartiles correctly. 
 
Part (d), most candidates’ box and whisker plots had the correct shape.  A few of them did not 
show the whiskers.  Some started and ended their whiskers at the lower and upper quartiles 
respectively. 
 
Part (e) was well done by most of the candidates.  Some common mistakes were: 
 
x Candidates divided by “5” instead of “6 f” 
x Candidates used mid points instead of boundaries. 
 
In part (f), the majority of candidates had some idea of what the answer should be.  However, a 
few confused positively and negatively skewed. 
 
Question 3 
 
This question tested candidates’ knowledge and application in the following topics: 
 
x probability 
x mutually exclusive events 
x independent events 
x mean and standard deviation. 
 
This question was done well by the majority of the candidates. 
 
All candidates who attempted question 3, did Part(a)(i) well. 
 
In part (ii), most candidates scored at least 1 mark.  Many candidates only stated the possible 
combinations of colours rather than all the possible arrangements. 
 
In part (b), most candidates understood when two events are mutually exclusive and 
independent and had little problems with this section. 
 
In part (c), the majority of candidates had a generally good understanding of the probability 
concepts and often times were able to use a venn diagram to help solve the problems on this 
part of the question. 
 
In (d)(ii), most candidates have a basic understanding of expected value, but too many of them 
fell down in the determination of Var (x) and the standard deviation. 
 
Question 4 
 
In part (a), most candidates were able to state the three conditions that described a binomial 
distribution. 
 
In part (b), most candidates were able to state which experiment may be modeled by a binomial 
distribution, with some not clearly stating a valid reason. 
 
Parts (c)(i) and (ii) were done exceptionally well. 
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In part (d), most candidates answered this section well, with few candidates not being able to 
show the appropriate region.  E.g. P(-0.75 < Z < 1) = )(0.75) – )(1). 
 
Question 5 
 
Question (a)(i)a. was answered correctly by most candidates. 
 
Part (a)(i)b. was generally not well answered due to use of incomplete formula – missing  

or and at times no . 
 
In part (a)(ii)a., most candidates used x

2 value rather than t-test.  Most could identify the 
appropriate tail but a few forgot to apply the negative sign although they used the less than 
(<)sign. 
 
Part (a)(ii)b. was done fairly well with the major error being the numerator, candidates used 
(45 – 43) instead of (43 – 45). 
 
Part (a)(ii)c. was well done based on their critical region and computed value. 
 
Part (b)(i) was fairly well done with the main error being 12/180 instead of 1/9. 
 
In part (b)(ii), there was weakness in determining the correct parameter.  Some wrote an 
English statement rather than using symbols as required by the question. 
 
Part (b)(iii) was well done by most candidates. 
 
In part (b)(iv), most candidates did not apply the continuity correction factor and use of 
incomplete formula. 
 
In part (b)(v), the conclusion was well stated in most cases based on their critical region and 
computed value. 
 
Question 6 
 
Part (a) was well done by the majority of candidates. 
 
In part (b), calculating the product moment correlation coefficient was well done. The 
interpretation of the correlation coefficients was not clearly stated. A possible interpretation is 
“There is a very strong degree of positive (linear) correlation between x only.  
 
In part (c)(i), finding the regression line of y on x in the form y = a + bx, was well done, with 
the exception of a few rounding off errors. 
 
In part (c)(ii), the drawing of the line was correctly drawn by many, but few did a “line of best 
fit”. 
 
In part (d)(i) and (ii) candidates did not interpret the regression coefficient, b, and the constant 
a, in respect to the context of the question. 
 

 n 
 n – 1  

 1 
 n – 1  



 6 

Part (e)(i) was well done by the majority of candidates. 
 
In part (e)(ii), the reliability of the value obtained was not clearly stated, since some candidates 
could not conclude that the value fell outside of the range. 

 
 

UNIT 2 
 

PAPER 02   
 

General Comments 
 
Question 1 
 
This question was not well done by most candidates. 
 
In part (a), many candidates did not use the term “maximize”.  Some left out the non-negativity 
constraints and did not state that “x and y are integers”. 
 
Part (b) was well done.  Most of the candidates were able to identify the feasible region.  A few 
interchanged the axes. 
 
In part (c), many candidates did not write down the coordinates of the vertex and did not test 
all the vertices.  Some candidates only tested the point they thought would yield the maximum 
value.  Some candidates used the simplex method instead of using the graph.  Quite a few 
candidates did not treat (0, 0) as a valid vertex in the feasible region. 
 
Question 2 
 
This question was reasonably well done. 
 
Most candidates got part (a) correct.  However, a few incorrectly stated “he not is tall and 
happy”.  The solution is “He is not tall and he is not happy” or “He is neither tall nor happy”. 
 
Part (b) was not well done.  Quite a few candidates used truth tables, but did not identify the 
truth values of the statements. 
 
The truth tables in part (c) were well done by most candidates.  However, a few did not have a 
correct concept of a contradiction – they showed that they believed that if it is not a 
contradiction, then it must be a tautology. 
 
In part (d)(i), some candidates confused switching and logic circuits.  Some tried to use truth 
tables instead of drawing switching circuits.  A few candidates confused parallel and series 
circuits. 
 
In part (d)(ii), a few candidates used the “NOT’ gate without the circle (“o”).  A few candidates 
confused the “AND” and the “OR” gates. 
Part (e) was very poorly done.  A large number of candidates tried to use truth tables rather 
than use the laws of Boolean algebra as instructed.  A few candidates confused complement 
and idempotent laws.  Some did not use the distributive and deMorgan’s laws appropriately. A 
possible solution is  
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(A�B) �(A�aB) �(aA�aB) 

= [A�(B�aB)]�(aA�aB) 

 

= (A�1) �(aA�aB) 

= (A�(aA�aB) 

= (A�aA)�(A�aB) 

= 1�(A�aB) 

= A�aB 

 
Question 3 
 
In part (a), generally candidates were able to identify odd numbers and numbers greater than 
500 000.  Most of the errors came in determining repetition for the other 4 digits. 
 
In part (b), most candidates correctly recognized this as a combination.   
 
In part (b)(i), most candidates were able to write 13C4. 
 
Part (b)(ii) was well done by most candidates. 
 
In part (b)(iii), although many candidates were able to identify 3 girls and 1 boy or 4 girls and 
1 boy,  many did not state both groups or they added the combinations rather than multiply. 
 

For example the 3 girls and 1 boy was calculated as 6C3 + 7C1 instead of 6C3 x 7C1. 
The correct answer was 6C3 x 7C1+ 6C4 x 7C0=155. 

 
In part (c), many candidates did not recognized that if A and B are independent 

 
P(A/B) = P(A) 

 
These candidates calculated P(B) and then used P(A/B) =  
 
Candidates recognized that since A and B are independent then  
P(Ac � Bc)  = P(Ac) – P(Bc) 
 
Few candidates used P(Ac � Bc)  = 1 – P(A � B) 
 
In part (d), most candidates were able to identify that the correct solution and then gave  
P(A � B)  z 0. 
 
Some candidates however, confused the condition for independence with the condition for 
mutually exclusive. 
 
 
 
Question 4 
 
In part (a)(i), there were some candidates who attempted to integrate they were able to write 
 

³14 k x dx = 1 

P(A � B) 
 P (B) 
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however, none of these candidates integrated correctly. 
 
All of the other candidates obtained the correct answer. 
 
In part (a)(ii), again those candidates who attempted to integrate reached as far as stating 

 
³14 x f(x) = E(x). 

 
Most other candidates correctly calculated E(x) = 6x P(X = x) = 3. 
 
Some candidates missed the final mark by incorrectly calculating  = 3.5 or 3.6. 
 
In part (a)(iii), many candidates gave just 1 or 2 combinations.  Those who got the 3 
combinations correct proceeded to correctly finish the equation. 
 
In part (a)(iv), few candidates used the table as a calculation for the values that Y can take. 
 
Few candidates obtained all the values of Y giving values of 3, 4, 5, 6, 7 only.  Several 
candidates appeared not to understand the concept of adding two independent variables.  
Calculating the probabilities for the values of Y is therefore a problem. 
 
The solution is shown in the table below: 
 

Y 2 3 4 5 6 7 8 
P(Y=y) 1/100 1/25 1/10 1/5 1/4 6/25 4/25 

 
 
In part (v), most candidates were able to write 
 

E(Y) = E(X1) = E(X2) 
 
but still had problems substituting values for E(X1) and E(X2). 
 
Candidates did not understand what is meant by X1 and X2.  In calculating Var (Y) some 
candidates calculated the E(Y2) from the table. 
 
Few candidates used the property Var (Y) = 2 Var (X). 
 
Part (a)(vi)  E(3X + 2Y) 
 
 
Though candidates were able to say E(3X + 2Y) 

= 3 E(x) + 2 E(Y) 
 
many did not complete the questions because they could not make the substitution for E(Y). 
 
 
 
 

30 
10 
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One candidate recognized 
 

E(Y) = 2 E(X) 
? 3E(X) + 2 E(Y) 
= 3 E(X) + 4 E(X) 
= 7 E(X). 

 
For Part (b)  P(X t 2), most candidates interpreted this correctly as 1 – P(X < 2) 
Few candidates wrote P(X < 2) = P(X = 0) + P(X = 1) + P(X = 2) 
 
Most candidates were able to correctly apply the Poisson formula. 
 
Question 5 
 
The question tested candidates’ ability to apply the principle of conservation of 
 
(i) energy and 
(ii) linear momentum 
 
involving the collision of two bodies moving in a straight line. 
 
The candidates correctly equated the momentum before and after impact, to obtain the velocity 
of the combined masses after the collision. 
 
However, some incorrectly equated the kinetic energies before and after impact, and therefore 
obtained incorrect values for the velocity. 
 
Part (b)(ii) presented difficulty to many candidates, who appeared not to know where to start.  
The required distance could have been obtained by equating the work done and the loss of 
kinetic energy. 
 
The time required to bring the particle to rest may then be obtained by 
 
(i) Applying the formula F = ma to obtain acceleration a and 
(ii) using v = u – at, when v = 0 to calculate t. 
 
Question 6 
 
This question tested knowledge of the motion of a projectile. 
 
Candidates showed that they were familiar with this type of question and the performance was 
good. 
 
In part (a), candidates quoted the expression for the greatest height and used it correctly.  A 
small number of the candidates attempted to use the equation of the projectile, and then 
substitute y = 0. 
 
This clearly showed a lack of understanding of “greatest height”. 
 
In part (b), expressions for the horizontal and vertical distances were correctly stated and the 
correct values obtained. 
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In part (b)(iii), there was a misprint of u cos t D for u coVʌ5 D. 
 
The majority of the candidates did not notice the difference and proceeded to find u cos D.  
Full marks were however awarded to all candidates attempting this part of the question. 
 
Parts (iv) – (vi) were generally well done. 
 
In part (v), candidates recognized that 
 

u2 = u2 sin2D + u2 cos2D, and 
 
used this to calculate u. 
 
However, incorrect values of u sin D and u cos D, resulted in an incorrect value for u in a few 
cases. 
 
In part (vi), the method, tan D =  , was recognized, and all candidates applied this to 
the selection. 
 
Approximately 24 per cent of the candidates were awarded a score of less than 10 out of 25. 
 
 

INTERNAL ASSESSMENT 
 

UNIT 1 
 

Again this year, the overall presentation and quality of the samples submitted were satisfactory. 
Generally, candidates chose topics that were suitable to their level, and were relevant to the 
objectives of the syllabus. There were a few candidates who employed techniques that went 
beyond the level expected. 
 
Project Title:  
 
Some project titles did not clearly indicate what the project was about.  Candidates had 
problems with making the title relate to the project, for example, “internal versus external 
exams”.  There is need to have school teachers clarify this a bit more with candidates! 
 
Purpose of Project: 
 
Variables were not clearly defined.  In some cases no variables were stated. 
 
In cases where there were investigations to be done, the purpose of the project was not stated. 
There was a clear lack of responses to guide the project to a suitable conclusion. 
 
Method of data Collection: 
 
In many cases in a lot of cases, there was no sampling.  Candidates used a fair amount of 
secondary data.  Candidates must state how they arrived at the data in addition to stating the 
data. 

u sin D 
u cos D 
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Presentation of Data: 
 
In general the presentation of data was well done.  Use of more sophisticated A’ level standard 
methods, like box and whisker plots, stem and leaf, plots is required. 
 
Statistical Knowledge/Analysis of Data: 
 
There was inappropriate use of concepts, for example, linear regression was attempted without 
calculation of the final equation of the line and the correlation coefficient was used with 
simplistic methods.  In some cases calculations were done that were unrelated to the statement 
of task. For example, correlation coefficients were calculated without any justification. 
 
Discussion of Finding/Conclusion: 
 
This section was often ignored or candidates were not prepared enough to relate the results to 
the purpose of the project. 
 
Communication of Information: 
 
In only a minority of cases did candidates lose marks here.  However, we would recommend 
that candidates familiarize themselves with the technical terms of statistics to produce a higher 
level of analysis and to state the conclusions more efficiently. 
 
List of References: 
 
In some cases candidates failed to state title, author, reference numbers or dates of publication. 
 
 

UNIT 2  
 

PAPER 02 
 

MATHEMATICAL APPLICATIONS 
 

INTERNAL ASSESSMENT 
 

Generally the topics chosen were suitable for candidates at this level.  Again this year, most of 
the projects submitted by candidates were from the Discrete Mathematics and Probability and 
Distribution sections.  These projects were appropriate and were given adequate treatment by 
candidates.  There was an understanding of what was required in the assessment but a number 
of candidates who tried to incorporate Mathematics from two or more modules including 
Module 1 experienced difficulty in doing so.  It was noted that the majority of the topics 
chosen were based on the distribution of a product within small communities and “get rich 
quick” schemes. 
 
It appeared that the hands-on approach in which candidates were afforded the opportunity to 
apply their Mathematics in real life situations served them in good stead.  Candidates appeared 
to have developed an overall appreciation of the mathematical concepts used in their projects 
and many used them with confidence.  A few candidates were even able to do more than what 
was expected of them. 
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Teachers’ marking of the projects showed that they understood the criteria used and are well 
aware of the type of assessment used.  There was generally close agreement between the marks 
awarded by the teachers and those by the CXC Moderator. 
 
 
RECOMMENDATIONS 
 
It is recommended that candidates practice more problems involving the use of the normal 
distribution and questions from the Mechanics module. Exercises involving the use of 
algebraic manipulation are strongly recommended. It is necessary for teachers to complete the 
entire syllabus so that candidates can answer all of the questions adequately. 
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APPLIED MATHEMATICS 

 
MAY/JUNE 2008 

 
INTRODUCTION 

 
The revised Applied Mathematics syllabus was followed this year for the first time.  The 
revised Applied Mathematics syllabus is a two-Unit course comprising three papers.  Papers 
01, multiple choice items, and Paper 02, essay questions, were examined externally; while 
Paper 03 was examined internally by the teachers and moderated by CXC.  Contributions 
from Papers 01, 02 and 03 to each Unit were 30%, 50% and 20% respectively. 
 
Unit 1:  Statistical Analysis consists of Collecting and Describing Data, Managing  

Uncertainty and Analysing and Interpreting Data. 
 
Unit 2:  Mathematical Application consists of Discrete Mathematics, Probability and  

Distributions and Particle Mechanics. 
 
 

GENERAL COMMENTS 
 
Approximately 91 per cent of the candidates registered for the Unit 2 Mathematical 
Applications obtained acceptable grades, Grades I – V, while nine per cent obtained Grade 
VI.  The standard of work from most of the candidates in this examination was above 
average.  Again this year, candidates appeared to be well prepared in Discrete Mathematics 
and Probability and Distributions and generally answered the questions well.  Very few 
candidates answered all of the questions in this section.  There were a number of candidates 
who appeared to be well prepared in all three of their modules.   
 
Particle Mechanics was not well answered.  In general, there were a large number of areas of 
strength displayed by many candidates.  As in previous years, candidates need to pay more 
attention to their algebraic manipulation. 
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UNIT 1  
 

PAPER 02 
 

STATISTICAL ANALYSIS 
 

GENERAL COMMENTS  
 

MODULE 1 
 
Question 1 
 
This question tested candidates‟ ability to: 
 
x construct stem and leaf diagram, box and whisker plot‟; 
x determine the mean, inter-quartile range, mean and 10% trimmed mean of a discrete 

data set; 
x describe the shape of the distribution of data from a box and whisker plot‟. 
 
In Part (a), most candidates were able to construct the stem-and-leaf diagram successfully. 
However, many omitted a key which was essential for the interpretation of the data – stem of 
“2” and a leaf of „1‟ (2  1) could just as easily represent „21‟ as „210 or „2, 1‟.‟. 
 
In Part (b)(i), many candidates incorrectly determined the median of the data set of 30 values 
to be the 15th value, treating the data as being continuous. Of those candidates who correctly 
identified the median as being at the 15ЩЇth position, some were then unable to identify its 
value, the mean of the 15th and 16th values. 
 
In Part (b)(ii), most candidates were not very clear on how to determine the values of the 
lower and upper quartiles, relying on the formulae 1/4 (n+1) and ¾ (n+1) which do no hold 
for all data. Candidates could have located the quartiles by first removing the median of the 
data set from consideration, then finding the respective medians of the lower and upper 
halves of the remaining values, at the 8th position of each half that consist of 15 values. 
 
When the mean was calculated in Part (b) (iii), there were a few arithmetic errors in totaling 
the values. 
 
There was some mis-conception of the correct procedure for finding the 10% trimmed mean 
in Part (b) (iv). Since 10% of 30 is 3 and hence the lowest 3 numbers (21, 22 and 23) and 
highest 3 numbers (51, 56 and 63) of the ranked data set are to be discarded, the mean of the 
resulting 24 values is 34. 
  
In Part (c)(i), most candidates exhibited competence in drawing the box-and-whisker 
diagram, where the lowest value and highest value are represented by „whiskers‟ and the 

lower quartile, median and upper quartile by a segmented „box‟ relative to a linear scale. 
 
In Part (c)(ii), most candidates were able to describe the shape of the distribution as being 
skewed, but some were unable to identify it as being positively skewed. In a positively-
skewed distribution, it is as if the values were pulled towards the upper tail of the distribution, 
so that the whisker connected to the highest value (that is, on the „positive‟ side) tended to be 
longer. 
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Question 2 
 
This question tested candidates‟ ability to: 
 
x distinguish among the sampling methods such as, simple random, stratified random, 

systematic random and quota; 
 
x distinguish between a 

 
(i) population and sample 
(ii) census and sample survey 
(iii) parameter and statistic. 
 

x apply sampling methods. 
 
This question was attempted by most candidates and was generally well done.  There were, 
however, some areas of concern. 
 
x Candidates, in general, did not relate the disadvantage in Part (a)(v) to the scenario 

given in the question. 
 
x The majority of candidates ignored the instruction in Part (c) of the question to justify 

the use of the sample survey in the given example. 
 
x Many candidates used the geographical definition rather than the statistical definition 

of a population. 
 
x Many did not relate a parameter to a population. 
 
 

MODULE 2 
 

Question 3 
 
This question tested candidates‟ ability to solve problems involving probability. 
 
Several candidates were able to score full marks in this question.  However, this question was 
generally not well done by the majority of the candidates. 
 
Part (a)(i) was generally well done, but some candidates were unable to interpret the term 
“not”. 
 
In Part (a)(ii), the majority of candidates were able to interpret the term “or” successfully but 
used the wrong formula. 
 
Part (a)(iii) was poorly done as many candidates misunderstood the meaning of the term 
“and”. 
 
In Part (a)(iv), the majority of candidates scored at least 2 marks.  Many got the order of 
conditional probability correct in the formula, but showed that they reversed the order in the 
calculation in the survey. 
 
Part (b)(i) was generally well done. 
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In Parts (b(ii) and (iii), many candidates did not consider, that sampling was done without 
replacement in the survey. 
 
Part (b)(iii) was generally poorly done. 
 
Question 4 
 
This question tested candidates‟ ability to: 
 
x solve problems involving probabilities of the normal distribution using z-scores; 
 
x identify and use the binomial distribution as a model of data. 
 
In Part (a), most candidates were knowledgeable of the standardizing procedures and were 
able to answer questions accurately.  Only a few had difficulty in obtaining a value for 
P (Z > -0.04), incorrectly stating that P(Z > - 0.04) = 1 – ĭ (.04). 
 
In Part (b), very few candidates were able to calculate the value of k.  Many were unable to 
set out solutions clearly in the form of an equation. 
 
In Part (c)(i), most candidates were aware of the binomial approximation but few were unable 
to apply it correctly. 
 
In Part (c)(ii), the majority of the candidates were able to score full marks. 
 

 
MODULE 3 

 
Question 5 
 
This question tested candidates‟ ability to: 
 
x calculate confidence interval for a proportion from a large sample (n t 30); 
 
x formulate the null and alternative hypotheses; 
 
x justify the use of a normal distribution approximation of a binomial proportion; 
 
x state the critical regions for a given test; 
 
x use an appropriate continuity correction to calculate the test statistic; 
 
x state conclusions drawn from hypothesis testing. 
 
In Part (a), the majority of candidates demonstrated very limited knowledge of sample 
proportions, many resorting to sample means.  Many could not correctly identify the critical 
value of z0.015 and were unable to use the z-table approximately. 
 
In Part (b)(i), majority of candidates were able to state the null and alternative hypothesis.  
However, some candidates used the sample mean instead of the proportion. 
 
In Part (b)(ii), many candidates did not know the conditions necessary to convert from a 
discrete model (binomial) to a continuous model (normal distribution). 
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In Part (b)(iii), many candidates failed to calculate and to state the critical region for the test 
statistic. 
 
In Part (b)(iv), this question was poorly answered by majority of the candidates.  Candidates 
had little knowledge of calculating a test statistic and using the appropriate continuity 
correction. 
 
In Part (b)(v), many candidates could not distinguish the acceptance and rejection regions, 
and often gave explanations that were not valid. 
 
Question 6 
 
This question tested candidates‟ ability to: 
 
x plot a scatter diagram, calculate and interpret the product-moment correlations co-

efficient r, for given data; 
 
x calculate (x, y) and plot these co-ordinates on scatter diagram; 
 
x derive the equation of the regression line y on  x in the form y = a + bx and plot this 

regression line on scatter diagram passing through (x, y); 
 
x make estimation using appropriate regressions line. 
 
Part (a) question was fairly well done, although some candidates did not use the appropriate 
scale given. 
 
In Part (b)(i), many candidates scored full marks.  Only a few substituted into the formulae 
incorrectly, thus obtaining an incorrect value for r. 
 
In Part (b)(ii), the majority of candidates were able to give a valid interpretation for r. 
 
Part (c)(i), was well done by candidates. 
 
In Part (c)(ii), very few candidates did not indicate the point ( x, y) on the graph. 
 
In Part (d)(i), the majority of candidates were able to derive the equation of the regression 
line y on x in the form y = a + bx.   
 
In Part (d)(ii), many candidates did not draw a valid line.  They drew a line simply passing 
through ( x, y ). 
 
In Part (e), most candidates read the required value from the graph instead of substituting into 
the equation obtained. 
 
In Part (f), few candidates were able to give a good explanation for this question.  
 
In Part (g), most candidates could not give a valid reason as to why they would use x on y. 
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UNIT 2  
 

 PAPER 02 
 

MATHEMATICAL APPLICATIONS 
 

GENERAL COMMENTS  
 

MODULE 1 
 
Question 1 
 
This question tested candidates‟ ability to: 
 
x formulate a linear programming model in two variables from real world data, stating 

its objective function and constraints; 
 
x determine the feasible region for a given linear programming problem; 
 
x determine a unique solution of a linear programming problems. 
 
This question was well done by most candidates.   
 
In Part (a), candidates were able to write down the required inequalities. 
 
In Part (b), candidates were able to draw the graph to illustrate the feasible region and test the 
vertices of the region.  However, a few of them did not use the correct scales on the graph. 
 
Answers 
 
1(a) n: no. of newspaper ads 

t: no. of television ads 
 
Maximise 2n + 5t 
 
Subject to 1500n + 5000t d 50 000 

   
  n < 2t 

    1500n       d 30 000 
        5000t t 25 000 
     n t 0 (t t 0) 

 n, t integers 
At   (2, 3): P = 2x + 7y = 25 

(2, 2): P = 18 
(2.4, 1): P = 11.8 
(4, 1): P = 15 

 
P = 11.8 when x = 2.4, y = 1 
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Question 2 
 
This question tested candidates‟ ability to: 
 
x use the Hungarian algorithm to determine the part of the race each runner should be 

assigned in order to minimize the total race time; 
 
x use the activity network algorithm to construct an activity network diagram in a real-

world situation; 
 
x calculate from a given activity network diagram 
 

- the earliest start time and latest start time 
- the critical path 
- the latest finish time for a given activity. 

 
This question was reasonably well done.  In Part (a), most candidates knew how to reduce the 
rows, then the columns and did so successfully.  After this, they were expected to draw 
straight lines vertically and horizontally to cover the 0‟s.  Since there were only three such 
lines and four were required for this algorithm, the process could not be terminated.  In fact, 
candidates were expected to identify the minimum of the uncovered elements (in this case 1), 
and then reduce all uncovered elements by this value, adding this value (1) to all elements 
intersected by two lines, leaving as is, all elements covered by one line.  After this process, 
vertical and horizontal straight lines were drawn to cover the 0‟s in the matrix.  As these lines 
turned out to be four, the Hungarian algorithm was terminated and the runners were assigned 
to the Part of the race that would minimum the total race time. 
 
In Part (b), candidates were required to first construct an activity network algorithm and then 
use it to construct the activity network.  However, a number of candidates tried to construct 
the activity network without first constructing the activity network algorithm.  This caused 
them to lose the marks that were to be awarded for constructing the activity network 
algorithm.  In addition, they drew the network with the order of the activities incorrect. 
 
In Part (c), most candidates were able to get most of the marks for calculating the earliest and 
latest start times and hence the critical path and the latest finish time for activity E. 
 
Answers 
 
(a)     Row Min. 

48 46 50 44 44 

49 45 46 49 45 

47 46 48 44 44 

51 48 47 45 45 

 
 

4 2 6 0 

4 0 1 4 

3 2 4 0 
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6 3 2 0 

Col. Min. 3 0 1 0 

 

1 2 5 0   1 2 5 0 

1 0 0 4 OR 1 0 0 4 

0 2 3 0  0 2 3 0 

3 3 1 0  3 3 1 0 

 

0 1 4 0  1 1 4 0 

1 0 0 5 OR 2 0 0 5 

0 2 3 1  0 1 2 0 

2 2 0 0  3 2 0 0 

 
W  l 4th leg 
X   l 2nd leg 
Y   l 1st leg 
Z   l 3rd leg 
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(b) Order of Vertices in Network 
 P P 

Q Q 

R R 

S S T 

T T 

U U 

 

P P 

Q Q 

R R U 

S S 

 

U U 

 

P P 

Q Q R, S 

R R 

S S 

 

P P 

Q Q P 

 

Q Q Q 

  



 11 

 
(c) (i) 
 

 Earliest Start Time Latest Start Time 
A 0 0 
B 6 7 
C 6 6 
D 15 15 
E 21 22 
F 21 21 
G 34 34 

 
    (ii) a) Start – A – C – D – F – G – Finish  

b) 22 + 12 =  34 
 
 

MODULE 2 
 

 
Question 3 
 
This question tested candidates‟ ability to: 
 
x calculate expected frequencies for a binomial distribution of given parameters; 
 
x perform a F2 goodness-of-fit test at the 5 per cent significance level to determine 

whether the given data may be modeled by a binomial distribution of given 
parameters. 

 
Overall, this question was well done. 
 
In Part (a), candidates were able to calculate the expected frequencies.  However, a few 
candidates did not follow the instruction to use 1 decimal place in their calculations.  Quite a 
few candidates calculated the final expected frequency, rather than adding the previous 
expected frequencies and subtracting from 100 (ensuring that the sum of the expected 
frequencies is 100). 
 
In Part (b), a number of candidates did not state the hypotheses and did not state the 
conditions to reject the null hypothesis.  Also, only a few candidates made a detailed and 
valid conclusion based on their results. 
 



Answers

12

Expected values

48.2 38.6 11.6 1.5 0.1

Accepted H 0 at 5 per cent significance level and conclude that data may be modeled by a
1

binomial distribution with parameters n  = 4 and p = -
6

Question 4

This question tested candidates’ ability to:

• obtain the value of the constant a;
• calculate P(X < 3)
• calculate the expected value E(X) and variance Var (X)
• determine the cumulative distribution function F(x) = P(X = x)
• determine the median of X
• calculate E(3X + 2) and Var (3X + 2).

The performance on this question was very good. Most candidates recognized that the 
question involves integration since the distribution was continuous. However, a small 
number of candidates treated the distribution as a discrete distribution.

In Parts (a) to (c), most candidates integrated successfully and received full marks.

X 2 1
In Part (d), only one candidate got the full marks. Most candidates wrote F(x)= — — —

1 < x < 5, which was the main Part of the solution. The full solution should have been:

0 , x < 1
x2 1
24 24 ’ 1 -  x -  5.

1 , x > 5

F(x)

In Part (e), most candidates recognized that the median could be found by integrating the 
probability density function and setting the integral equal to 'A Other candidates correctly 
used F(m) = '  to calculate the median.

In Part (f), most candidates knew how to find the expectation and variance and of a linear 
combination of variables.

X 2 1te F(x) = ---------
' 7  24 24

Var (X)
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Answers 
 0 ,  x d 1 

(a) a =  (b)    (c) ,  (d)  F(x) = , 1 d x d 5 

 1 , x t 5 

  

(e) �13 (f) , 

 

MODULE 3 

 

Question 5 
 
This question tested candidates‟ ability to determine the: 
 
x kinetic energy lost in  a collision; 
 
x impulse exerted by one body A on another body B after collision. 
 
In the first (a) (i), many candidates were able to use the data in this question to find the 
required velocity after impact.  These then went on to find the kinetic energy before and after 
impact and hence the kinetic energy lost in the collision. 
 
The responses obtained indicated that candidates were familiar with the concept: impulse 
equal change in momentum.  However, some were unable to use the principle of conservation 
of linear momentum to calculate the required velocity.  A number of candidates confused the 
Law of Conservation of Momentum with the Law of Conservation of Energy.   
 
In Part (b) many candidates incorrectly used the linear equations of motion v = u + at and v = 
 
instead of  or a =     .       Those candidates who used the correct equations were able to find the 
magnitudes of the velocity, acceleration, momentum and force in the vector form ai + bj.  Of course 
those who used the former equations were able to obtain the required solution. 
A common error seen was in the differentiation of 4 
 
Answers 
 

(a)(i)  J (ii)    

 

(b)(i)  (16cos2 t + 25sin2 t)½ (ii) (16sin2 t + 25cos2 t)½ 

 

    (iii) (144cos2 t + 225sin2 t)½  (iv) (144sin2
t + 225cos2

t)½   

  

1 
12 

1 
3 

31
9 
3 

92
81 
3 

x
2
      1 

24    24  

37
3 
3 

92
9 
3 

s 

t 

dr 
dt 

 

 dv 
dt 

28 
9 

14 
3 
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Question 6  
 
This question tested candidates‟ ability to: 
 
x - State Newton‟s second law of motion 

- obtain the greatest height reached by a Particle which is projected vertically 
upwards. 

 
x Obtain the values of unknown constants for forces acting along the sides of a 

trapezium when the system is in equilibrium, using the fact that the vector sum of its 
forces is zero or the sum of the components in any direction is zero. 

 
Candidates were generally able to show the resultant force mg + mkv

2
 acting on the Particle.  

The difficulty arose in writing the acceleration as v .  Those who used v as the 

expression for acceleration, were unable to perform the required integration to find s. 

 

Few candidates were able to resolve the forces in two perpendicular directions and use x = 0 
and y = 0. 
 
Answers 
 
(b) p =    q = 2. 
 
 
 
 

INTERNAL ASSESSMENT 
 

UNIT 1 
 

Again this year, the overall presentation and quality of the samples submitted were 
satisfactory. Generally, candidates chose topics that were suitable to their level, and were 
relevant to the objectives of the syllabus. There were a few candidates who employed 
techniques that went beyond the level expected.  
 
Project Title:  
 
Some project titles did not clearly indicate what the project was about.  Candidates had 
problems with making the title relate to the project, for example, “internal versus external 
exams”.  There is need to have school teachers clarify this a bit more with candidates! 
 
Purpose of Project: 
 
Variables were not clearly defined.  In some cases no variables were stated. 
 
Where there were investigations to be done, the purpose of the project was not stated.  There 
was a clear lack of responses to guide the project to a suitable conclusion. 
 
 

dv 

ds 

dv 

ds 

7 
3 
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Method of data Collection: 
 
In many cases there was no sampling. Candidates used a fair amount of secondary data.  
Candidates must state how they collected the data in addition to stating the data. 
 
Presentation of Data: 
 
In general the presentation of data was well done.  Use of more sophisticated A‟ level 
standard methods, like box and whisker plots, stem and leaf, plots is required. 
 
 
Statistical Knowledge/Analysis of Data: 
 
There was inappropriate use of concepts, for example, linear regression was attempted 
without calculation of the final equation of the line and the correlation coefficient was used 
with simplistic methods. In some cases calculations were done that were unrelated to the 
statement of task. For example, correlation coefficients were calculated without any 
justification. 
 
Discussion of Finding/Conclusion: 
 
This section was often ignored or candidates were not prepared enough to relate the results to 
the purpose of the project.   
 
Communication of Information: 
 
In only a minority of cases did candidates loose marks here.  However, it is recommended 
that candidates familiarize themselves with the technical terms of statistics to produce a 
higher level of analysis and to state conclusions more efficiently. 
 
List of References: 
 
In some cases candidates failed to state title, author, reference numbers or dates of 
publication. 
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UNIT 2  

 
PAPER 02 

 
MATHEMATICAL APPLICATIONS 

 
INTERNAL ASSESSMENT 

 
Generally the topics chosen were suitable for candidates at this level.  Again this year, most 
of the projects submitted by candidates were from the Discrete Mathematics and Probability 
and Distribution sections.  These projects were appropriate and were given adequate 
treatment by candidates.  There was an understanding of what was required in the assessment 
but a number of candidates who tried to incorporate Mathematics from two or more modules 
including Module 1 experienced difficulty in doing so.  It was noted that the majority of the 
topics chosen were based on the distribution of a product within small communities and “get 
rich quick” schemes. 
 
It appeared that the „hands-on‟ approach through which candidates were afforded the 
opportunity to apply their Mathematics in real life situations served them well.  Candidates 
appeared to have developed an overall appreciation of the mathematical concepts used in 
their projects and many used them with confidence.  A few candidates were even able to do 
more than what was expected of them. 
 
Teachers‟ marking of the projects showed that they understood the criteria used and are well 
aware of the type of assessment used.  There was generally close agreement between the 
marks awarded by the teachers and those by the CXC Moderator. 
 
 
RECOMMENDATIONS 
 
It is recommended that candidates practice more problems involving the use of the normal 
distribution and questions from the Mechanics module. Exercises involving the use of 
algebraic manipulation are strongly recommended. It is necessary for teachers to complete 
the entire syllabus so that candidates can answer the question set adequately. 
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APPLIED MATHEMATICS 
 
 

CARIBBEAN ADVANCED PROFICIENCY EXAMINATION 
 

MAY/JUNE 2009 
 

INTRODUCTION 
 

The revised Applied Mathematics syllabus was examined this year for the second time.  The revised 
Applied Mathematics syllabus is a two-Unit course comprising three papers.  Paper 01, multiple 
choice items, and Paper 02, essay questions, were examined externally, while Paper 03 was examined 
internally by the class teachers and moderated by CXC. Contributions from Papers 01, 02 and 03 to 
each Unit were 30 per cent, 50 per cent and 20 per cent respectively. 
 
Unit 1: Statistical Analysis, consists of Collecting and Describing Data, Managing Uncertainty and 
Analysing and Interpreting Data. 
  
Unit 2: Mathematical Applications, consists of Discrete Mathematics, Probability and Distributions 
and Particle Mechanics. 
 
 

GENERAL COMMENTS 
 
For Unit 1, three hundred and seventy candidates wrote the 2009 paper and four wrote the Alternative 
to SBA paper, namely Paper 03/2.  For Unit 2, 165 candidates wrote the 2009 paper and two wrote the 
Alternative to SBA paper, namely Paper 03/2. 
 
Approximately 85 per cent of  the  candidates  registered  for  the Unit 1 Statistical  Analysis,  and  
93 per cent of the candidates registered for the Unit 2, Mathematical Applications, obtained 
acceptable grades, Grades I – V.   The standard of work seen from most of the candidates in this 
examination was generally good. 
 
In Unit 1, candidates appeared to be well prepared in Describing and Collecting Data and in 
Managing Uncertainty while Analysing and Interpreting Data posed problems for many candidates.  
 
In Unit 2, again this year, candidates appeared to be well prepared in Discrete Mathematics and 
Probability and Distributions and generally answered the questions well, with most candidates 
attempting all of the questions in these sections. There were a number of candidates who appeared to 
be well prepared in all three modules.  Once again, however, Particle Mechanics was not generally 
well answered. Overall, there was a large number of areas of strength displayed by many candidates.  
As in previous years, candidates need to pay more attention to their algebraic manipulation. 
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UNIT 1 
 

 Statistical Analysis 
              

Paper 01 
 

The performance on the 45 multiple choice items on Paper 01 produced a mean of 46 out of 90 with 
scores ranging between zero and 88. 

 
 

DETAILED COMMENTS 
 

Paper 02 
 

Module 1 
 

Question1 
 
This question tested candidates’ ability to: 
   

(a)             Distinguish between qualitative and quantitative data, discrete and continuous data. 

(b) (i)        Explain how a random sample can be selected using the method of random numbers. 

           (ii)        Select a random sample using a table of random numbers. 

(c) (i)        Distinguish between a population and a sample. 

(ii) (iii)  State the population of interest in a given survey and identify sampling techniques 
used in a given situation. 

     (iv)      Perform calculations involving stratified random sampling. 

     (v)        Calculate sector angles of a pie chart from given categories. 
 
This question was attempted by approximately 99 per cent of the candidates, of whom 70 per cent 
gave satisfactory responses. 
 
Part (a) of this question was very well done, with only a few candidates failing to identify age as a 
continuous random variable. 
 
Part (b) seemed to have posed a great deal of difficulty for most candidates as they were unable to 
explain clearly how to obtain a sample of 10 accounts using the method of random numbers. In fact, 
many candidates tried to explain how to obtain a sample of 10 accounts using the lottery method of 
sampling. 
 
In Part (c) (i), some candidates gave a geographical definition rather than a statistical definition for 
population. However, the majority were able to relate the sample to the population. 
 
In Part (c) (ii), candidates correctly stated the population of interest for this survey as the students at 
the school, while in Part (c) (iii) candidates correctly identified the sampling technique as stratified 
random sampling. 
 
In addition, in Part (c) (iv) candidates correctly calculated the number of students in the sample from 
the fourth year group as 9 using stratified random sampling. 
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Those who attempted Part (c) (v) correctly calculated the angle for each response category using.  

50
valuegiven

[����Û 

 
Question 2 
 
This question tested candidates’ ability to: 
 

(a)   Assess the appropriateness of the kind of chart to best illustrate statistical data. 

(b) (i) (ii)   Construct a frequency distribution table and bar charts. 

(c) (i)    Assess a given situation in which sampling techniques are more appropriate and why. 

      (ii)    Perform calculations involving stratified random sampling. 

(d)  (i) (ii)    Calculate the mean, median, mode and interquartile range for ungrouped data. 

      (iii)   Construct a box and whisker diagram. 

      (iv)    Interpret the shape of the distribution in terms of skewness. 
 
Part (a) was exceptionally well done. Only a few candidates who failed to follow the instructions lost 
marks. 
 
Part (b) (i) was exceptionally well done, with approximately 99 per cent of the candidates being able 
to construct the frequency distribution table from the given data. 
 
In Part (b) (ii), a few candidates illustrated the frequency distribution from Part (b) (i) as a histogram 
rather than a bar chart. 
 
In Part (c), some candidates had difficulty explaining why a stratified sampling method might be a 
better technique for choosing the sample rather than using a simple random sampling method.  
Nevertheless, these candidates were able to select 25 employees by calculating the number of 
employees in each of the four stated categories using stratified random sampling. 
 
Part (d) (i) was well done by the majority of candidates, who were able to state the mode and median 
of the distribution. 
 
In Part (d) (ii), most candidates were able to correctly calculate the mean number of hours that 
students slept as 7.04, but a few candidates used an incorrect position for the lower and upper quartile 
and hence obtained an incorrect value for the inter-quartile range. 
 
In Part (d) (iii), most candidates were able to draw an accurate box and whisker diagram, with the 
exception of about 3 per cent of the candidates who drew incorrect whiskers and used incorrect 
quartiles. 
 
In Part (d) (iv), many candidates correctly identified the shape of the distribution as positively 
skewed, while the others incorrectly identified the shape of the distribution as either symmetrical or 
negatively skewed. 
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Module 2 
 
Question 3 
 
This question tested candidates’ ability to: 
 

(a) Calculate )(),( BAPBAP ��  and P(A|B). 

(b) Construct and use a probability distribution table for discrete random variables to obtain 
probabilities. 

(c) Construct a tree diagram. 
                                                                                             
This question was generally well done.  
 

In Part (a), most candidates correctly defined P(A|B) = )
)(

(
BP

BAP �
and )( BAP � =  

)()()( BAPBPAP ��� and were able to obtain the correct  response of 0.5 for each of the above. 
A few candidates defined the P(A|B) and )( BAP �  incorrectly and so were unable to get the correct 
result. 
 
Part (b) was generally well done, with candidates being able to calculate  )( HGP �  as 0.28 and 

)( HGP � as 0.82.  There were those candidates who did not use that fact that G and H are 
independent events and so experienced great difficulty when trying to calculate )( HGP �  and 

)( HGP � . 
 
In Part (c) (i), most candidates were able to illustrate the given information on a well-labelled tree 
diagram. However, a few candidates placed incorrect labels and probabilities on the branches of the 
tree diagram. 
 
Part (c) (ii) was generally well done, with candidates being able to use the tree diagram to calculate 
probabilities, but a few candidates failed to use the information provided by the tree diagram. 
 
Part (c) (iii) was generally well done by the candidates who performed well in the previous parts. Of 
the 95 per cent of the candidates who attempted this question, 70 per cent gave satisfactory responses. 
 
Part (d) was generally well done by most candidates.  The majority of candidates were able to 
calculate the value of k as 0.2.  For (d) (ii), some candidates applied a different approach to find the 
expectation but still arrived at the correct answer 6.  For part (d) (iii), a few candidates were unable to 
find the cumulative probabilities, 0.4 and 0.3, to give 0.7 as the required solution. 
 
Question 4 
 
This question tested candidates’ understanding of the  
 

(a) Binomial distribution –  

(i) - (iv)  the conditions for which discrete data can be modelled by the binomial             
distribution, 

(b) (i) - (ii)   the notation for the binomial distribution and its probabilities, the expected  
   value and the variance of a binomial distribution and to use the binomial  
   distribution to calculate probabilities. 
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(c) The Normal distribution -

Determine probabilities from tabulated values o f  the standard normal 
distribution Z ~ N(0, 1);

Standardising a value o f  the normal distribution

(d) Solve problems involving probabilities of the normal distribution using z-scores.

Generally, this question was fairly well done by most candidates, and did not appear to be too 
difficult.

In Part (a), a few candidates did not recognize the binomial model.
Part (b) (i) was well done by the majority of candidates. Many of them were able to use E(X) = np, 
though some candidates further expressed the answer as a whole number.

For Part b (ii), though many candidates knew the binomial formula for finding probability, many o f  
them confused the probability values o f  p  and 1 -  p . About 60 per cent o f  the candidates who 
attempted this part did it correctly. However, many candidates did not correctly interpret the phrase 
“at most 2 ” .

In Part (c), there were indications that candidates could read the value from the table, but they 
experienced problems writing the steps taken to get to the solution, hi Part (d), candidates generally 
had problems writing the standardization correctly as -—-  . Many candidates wrote u- x instead of x

-  u. , and many candidates also used the variance, o2 = 16. instead of the standard deviation, a = 4 in 
the standardizing formula. Most candidates were able to convert P(Z >  1.25) to 1 -  P(Z <  1.25), and 
also to use 9 correctly, ^(- 1.5) = 1 -  9 (1.5). However, many candidates did not convert the 
probability to a percentage as required in the question.

Module 3

Question 5

This question tested the candidates’ understanding of:

(a) confidence intervals - description and how to construct

(b) unbiased estimates o f  parameters

(c) using the normal distribution as an approximation to the binomial.

Generally, this question was very poorly done. Candidates had problems stating definitions or 
reasons, and explaining concepts.

In Part (a), candidates were asked to give an explanation o f  the term 95 per cent confidence interval in 
the context o f  the population mean. Though most candidates knew that this had something to do with 
an interval, they could not adequately state anything about the interval. Furthermore, many candidates 
did not say that the interval contained

In Part (b) (i), less than 50 per cent of the candidates attempted this question, and many of them did 
not use the correct formula.

Most of the candidates who attempted Part (b) (ii) used the standard deviation of the sample, rather 
that the unbiased estimate that they were asked to calculate in Part (b)(i).

M-
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For Part (b) (iii), most of the candidates were able to write ``increase the sample size``, but many of 
them could not give a second method.  Some candidates also confused confidence level with 
significance level. A few candidates were able to state that ``increasing the sample size will be 

better``, but not many of them could give a reason for this. 
 
Part (b) (iv) was done well by those candidates who attempted this question.  
 
Very few candidates attempted this Part (c) of the question. Many were unable to calculate the 
expected interval as 0.1 × 60 = 6.  
 
In Part (d) (i), most of the candidates correctly stated that the Normal distribution would be used, but 
many of them could not give the parameters. 
 
In Part (d) (ii), many candidates in calculating the probability did not use the correct standard error. 

Many of them incorrectly standardized using z =
V

P x�
instead of z =

V
P�x

 .   

Question 6 
 
This question tested the candidates’ understanding of:  
 

(a)    hypothesis testing using the chi squared distribution 
(b)  the application of the chi squared table 
 

In Part (a) (i), many candidates interchanged the null and the alternative hypotheses. 
 
In Part (a) (ii), candidates were knowledgeable of the procedures required to use the chi squared test 
to complete a contingency table by calculating expected values.  In Part (a) (iii), many candidates 
were able to write (r – 1) (c – 1) as the formula for finding the degrees of freedom, but some added 
rather than multiplied the quantities, or they substituted incorrect values for r and c. Many candidates 
wrote the critical value, rather than the critical region.  Many candidates looked up the table value 
incorrectly, using the lower 5 per cent value rather than the upper 5 per cent value. 
 
In Part (a) (iv), most candidates attempted to write a conclusion for the test.  Using their null 
hypothesis, they were able to make a valid decision as to reject, or fail to reject the null hypothesis; 
however, many of them could not state a valid conclusion for the test. 
 
In Part (b), candidates were required to generate the equation of a regression line. However, not many 
candidates attempted it, but for those who did, it was very well done yielding the correct answer  
y = 2 + x. 
 
 

UNIT 2  
 

Mathematical Applications 
 

Paper 01 
 

The performance on the forty-five multiple choice items on Paper 01 produced a mean of 56 out of 90 
with scores ranging between 0 and 88. 
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DETAILED COMMENTS 
 

Paper 02 
 

Module 1 
 

Question  1 
 
This question tested candidates’ ability to: 
   
(a)       Use the activity network in drawing a network model to model a real-world problem. 
 
(b)       Calculate the earliest start time, latest start time and float time. 
 
(c)       Identify the critical path in an activity network 
 
This question was reasonably well done by most candidates, as 45 per cent of them scored between 20 
and 25 marks (at least 80 per cent). 
 
In Part (a), only a few candidates started out with an activity network algorithm. A number of 
candidates inserted additional edges and left out the start and finish nodes from the activity network.  
 
In Part (b), many candidates did not calculate the earliest and latest start times correctly and so, their 
float times were incorrect also. 
 
In Part (c), most candidates were able identify a critical path, although some answers were based on 
incorrect data from Part (b) and were therefore incorrect. Most of the candidates calculated the 
minimum completion time correctly. 
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Answers
(a) Activity Network Algorithm

B

A
B
C
D
E
C
D
E

C
E

A
B
C
D
E
C
D
E

C
E

A, B

D

Activity Network

C?E

START

A D

C

} FINISH

E
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(b)  
Activity Earliest Start Time Latest Start Time Float 

A 0 0 0 
B 0 23 23 
C 22 22 0 
D 9 9 0 
E 22 25 3 

 
 
(c) (i) Critical path: Start, A, D, C, Finish 

     (ii) Minimum completion time = 28 days 
 
Question 2 
 
This question tested candidates’ ability to: 
 

(a) Formulate simple propositions.  
 

(b) (i – iii) Formulate compound propositions that involve conjunction, disjunctions and 
negations. 

 
State the converse, inverse and contrapositive of implications of propositions. 

 
(c) Use truth tables to: 

 
i. Determine whether a proposition is a tautology or a contradiction. 

 
ii. Establish the truth values of converse, inverse and contrapositive of propositions. 

 
iii. Determine if propositions are equivalent. 

 
(d) Identify the vertices and sequence of edges that make up a path. 

 
(e) Determine the degree of a vertex. 

 
(f) and (g) Identify the critical path in an activity network. 

 
 
This question was well done. 
 
In Part (a), a number of candidates confused the conditional with the bi-conditional. 
 
In Part (b), most candidates confused the converse with the inverse and the contrapositive. 
 
Part (c) was generally well done as most candidates were able to recognize a contradiction. 
 
In Part (d), very few candidates were able to list all the correct paths. 
 
Part (e) was generally well done as most candidates were able to state the degree of the vertex D 
correctly.  A small number of students confused the degree of the vertex with the measurement of an 
angle (for example, 060 ). 
 
Part (f) was well done.  Some candidates, however, drew switching circuits instead of logic gates.  
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Part (g) was well done. A few candidates, however, confused the “AND” and the “OR” gates. Some 
incorrectly showed more than two inputs. The majority of the candidates were able to conclude 
correctly whether the circuits were equivalent.

Answers

(a) Tom works hard if and only if he is successful.

(b) (i) The inverse of p  ^  q is ~  p  ^ ~  q

(ii) The converse of p  ^  q is q ^  p

(iii) The contrapositive of p  ^  q is ~  q ^ ~  p

(a) __________________________________________________
a b ~b a ^  b a a  {a ^  b) [a a  (a ^  b)]A ~ b
T T F T T F
T F T F F F
F T F T F F
F F T T F F

The proposition is a contradiction.

(b) Paths: AE, ADE, ADCE, ABDE, ABCE, ABCDE, ADBCE, ABDCE

(c) The degree of vertex D is 4

X

y

(b) (i) The inverse of p  ^  q is ~  p  ^ ~  q

(ii) The converse of p  ^  q is q ^  p

(iii) The contrapositive of p  ^  q is ~  q ^ ~  p

(b) (i) The inverse of p  ^  q is ~  p  ^ ~  q

(ii) The converse of p  ^  q is q ^  p

(iii) The contrapositive of p  ^  q is ~  q ^ ~  p
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(d) (i)   )(~ ba�  or ba �  

     (ii)   ba ~~ �  or ba .  
 

a b ba�  )(~ ba�  

1 1 1 0 
1 0 1 0 
0 1 1 0 
0 0 0 1 

 
~a ~b ba ~~ �  

0 0 0 
0 1 0 
1 0 0 
1 1 1 

 
     The circuits in (i) and (ii) are equivalent. 

 
 

Module 2 
 

Question 3 
 
This question tested candidates’ ability to: 
 

(a) (i)   Find the number of different arrangements using each letter once.  
 

(ii)     Find the probability that an arrangement starts with a consonant and then the 
consonants  and vowels are arranged alternately. 

 
(b) (i) (ii) Calculate and use probabilities associated with conditional, independent or mutually  

exclusive  events. 

(c) (i)         Use the result ³ �  d�
b

a

aFbFdxxfbXaP )()()()( . 

          (ii) (iii)     Calculate the expected value and the variance. 

 
Overall, this question was reasonably well done. 
 
Part (a) (i) was well done by candidates, while  Part (a) (ii) presented  difficulty for only a few 
candidates who gave the incorrect result of !3!4 � .  
 
In Part (b), the majority of the candidates were able to obtain the correct solution without displaying a 
tree  diagram.   Most of the errors in Part (b) (ii) were the result of errors carried forward from Part (b) 
(i). 
 
In Part (c), the majority of the candidates showed that they understood that they were expected to use 
integration since the random variable was continuous and not discrete. However, a few candidates 
incorrectly treated the random variable as discrete. In Part (c)(iii), most candidates  expanded 
� � 62 3  � q  to get a cubic equation that they were unable to solve (one candidate actually used the 
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Newton-Raphson method to find an approximation to the root of the equation), rather than finding the 
cube root of the equation � � 62 3  � q  and so obtain the value for q. 
 
Answers 
 
(a)  (i) number of arrangements = 7! = 5040 

(ii) number of arrangements = !3!4 u  = 144 

 Probability = 
35
1

5040
144

  

 
(b)         (i) P(L) = )()()( LTPLGPLFP ����� 665.0  

             (ii) P(T|L) = 677.0
0665.0
045.0

)(
)(

  
�
LP

LTP
 

(c) (i) P(X > 1) = 
8
1

 

(ii) E(X) = ½, Var(X) = 
20
3

 

(iii) q = 0.18 

 
Question 4 
  
This question tested candidates’ ability to: 
 
(a) Model practical situations in which the discrete, uniform, binomial, geometric or Poisson   

distributions are suitable. 
 

 Apply the formulae: 
 

 (i) xnx

r

n
qpCxXP

�  )(  

 (ii) 
!

)(
x

e
xXP

OO �

   

 to calculate probabilities of discrete binomial and Poisson distributions respectively. 
 
(b) Use the formulae for E(X) and Var(X). 
 
(c) Use the Poisson distribution as an approximation to the binomial distribution, where 

appropriate. 
 
This question was generally well done.  
 
In Part (a), most students recognized that the distribution was binomial and were able to get the 
majority of the marks for Parts (a) (i) and (ii).  However, a few candidates were able to model the 
situation using )541.0,5(~ BinY and went further to find P (Y = 3). 
 
In Part (b), a few candidates recognized that the Poisson distribution was to be applied. Some, 
however, used )4.0(~ PoX  or )04.0(~ PoX  incorrectly instead of )4(~ PoX . 
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In Part (c), very few candidates recognized that the Poisson distribution should have been used to 
approximate the binomial in this case. 
 
Answers 
 
(b) (i) 

a) P(X = 8) = 0.237 

b) 108( dd XP  = 0.541 

 
(ii) Mean = E(X) = np =7.8 

Standard deviation = 65.1 npq  
 

(iii) )541.0,5(~ BinY  

334.0)459.0()541.0()3( 23
3

5    CYP  
 

(c)        )4(~ PoX  

              865.0135.01)0(1)1(  �  � t XPXP  
 
(d)         )04.0,100(~ BinX  

               Use Poisson approximation since n = 100 > 30 and np = 4 < 5 

     433.0)3(  dXP  
 
Module 3 
 
Question 5 
 
This question tested candidates’ ability to: 
 

(i)  perform calculations involving a body moving with constant velocity up a plane 
 

(ii)  apply the equation F = ma to situations where the body is moving in a horizontal plane 
 

(iii)  apply the equation P = Fv 
 

(iv)  calculate the maximum  speed under the application of variable forces. 
 

In Part (a), there were a few correct responses from those candidates who did not include a force 
diagram.  The majority lost marks because they had: 
 

(i) wrong signs for the weight component and the resistive forces 

(ii) missing tractive force 

(iii) use of mass (750 kg) as the weight instead of 7500 N (mass × g). 

 
The correct solution was 35000 N. 
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In Part 5 (b) (i), very few candidates realized that the force found in Part (a) was to be reduced by 650 
N on the horizontal ground, ignoring any further reduction (i.e. weight component).  The correct 
solution was acceleration 1 ms-2. 
 
In Part 5 (b) (ii), some candidates realized that at the maximum speed there was no acceleration which 
led to the correct solution V = 32.3 ms-1. 
 
Question 6 
 
This question tested candidates’ ability to: 
 

(a) Determine the velocity and displacement of a particle with variable acceleration. 
 
(b)        Apply their knowledge of vectors to show that there was no acceleration along Ox, to 

find the    time when the velocity was perpendicular to the acceleration and to find the 
distance of the particle from O when t = 3. 

 
This question was poorly done. Forty-eight per cent of the candidates scored between 0 and 4 marks. 
 
In Part (a), most of the candidates realized that they were required to integrate to find expressions for 
the velocity and the displacement. However, a few tried to use the equations of motion to solve the 
problem, not realizing that this could not be done since the acceleration was not constant. 
 
The answer to part (b), followed from their solutions to (a). There were a few who got the correct 
answers, but were unable to explain what the results meant. 
 
 In Part (c)(i), only a few candidates were able to differentiate twice, thereby obtaining the coefficient 
of " "i" and stating that this indicated that there was no acceleration along Ox.  
 
The candidates who attempted Part (c) (ii) displayed a knowledge of 0.  ba  for perpendicularity of 
vectors a and b, and solved the problem. However, no candidate observed that from (a)(i), the 
acceleration is along Oy, therefore the velocity is along Ox, hence : 20324 3  � � tt . 
 
Part (c) (iii) was well done, as candidates were able to substitute t = 3 into � �jttitr 328 4 �� , 
hence finding the required distance. 
 
 

UNIT 1 
 

Statistical Analysis 
 

Internal Assessment 
 
After careful evaluation of the Internal Assessment samples, it was found that: 
 

1. Some project titles were too long or were not relevant to the course. Project titles must be 
concise and relevant. 

2. Some projects had no title, which was a pity, since this is perhaps the easiest mark to score in 
the project. 

3. Too often, questionnaires and long lists of data were included in the presentation of data. This 
is unnecessary and should be appropriately placed in the appendices. 
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4. Diagrams such as pie charts were frequently not properly labelled in the presentation of data. 
This impacted on the marks scored by candidates in this section. 

5. In most cases, the purpose was stated but no variables were identified. Candidates, in general, 
seemed to be confused as to the meaning of the word “variable”. 

6. In many cases, the method of data collection was too simplistic. The method was stated in 
many instances, but was not described in detail. 

7. A small percentage of the teachers (approximately 5 per cent) misunderstood the process of 
recording the marks on the AMAT 1-3 forms (i.e. the form containing the data on the five 
samples). 

8. The references were omitted in about 10 per cent of the Internal Assessment samples 
submitted. Far too many candidates did not use an up-to-date and consistent convention in the 
reference. 

 
UNIT 2  

 
Mathematical Applications 

 
Internal Assessment 
 
1. Some of the topics chosen for study by the candidates were not relevant to Applied Mathematics.  
 
2. A very small minority of teachers misunderstood the process of recording the marks on the 

AMAT 23 forms. 
 

3. Some diagrams were not labelled in the projects. 
 

4. A small minority of candidates did not follow the stipulated format. 
 

5. Generally, the analyses were comprehensively done, but there were a few occasions when the 
analysis was not relevant. 

 
6. In many instances, the task was not clearly stated.  This section should not have been placed in the 

introduction and should be more concise. Unnecessary details should not be included here. 
 

7. Method of data collection was in some cases too simplistic or non-existent. This section needs to 
be clearly described. 

 
8. The Hungarian algorithm was misused in many cases or improperly applied. 

 
9. Many candidates who incorporated logic gates into their projects did so inappropriately. 

 
10. Many candidates lost two marks allocated to “insights into the nature and resolution of problems 

encountered in the tasks”. 
 

Recommendations 
 
It was evident from the work produced in Unit 1 that candidates were well prepared in Describing and 
Collecting Data and in Managing Uncertainty while in Unit 2 they were well prepared in Discrete 
Mathematics and Probability and Distributions. Candidates are still experiencing problems with the 
Mechanics Module. Candidates have to spend more time solving problems from the Mechanics 
Module as well as developing the ability to explain concepts.  In addition, they need to pay special 
attention to their algebraic manipulation.  It would be helpful if the coverage of the syllabus could be 
completed in time to allow candidates to spend more time solving problems from all of the Modules. 
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GENERAL COMMENTS 
 
The revised Applied Mathematics syllabus was examined this year for the third time. This is a two-
unit course comprising three papers.  Paper 01, consisting of 45 multiple choice items, and Paper 02, 
consisting of 6 essay questions were examined externally, while Paper 03 was examined internally by 
class teachers and moderated by CXC.  Contributions from Papers 01, 02 and 03 to each unit were 30 
per cent, 50 per cent and 20 per cent, respectively. 
 
Unit 1, Statistical Analysis, tested (1) Collecting and Describing Data; (2) Managing Uncertainty and 
(3) Analysing and Interpreting Data.  Unit 2, Mathematical Applications, tested (1) Discrete 
Mathematics, (2) Probability and Probability Distribution and (3) Particle Mechanics. 
 
For Unit 1, 456 candidates wrote Papers 01 and 02 and 11 wrote the Alternative to the Internal 
Assessment paper, Paper 03/2.  For Unit 2, 197 candidates wrote Papers 01 and 02 and three 
candidates wrote Paper 03/2. 
 
Approximately 80 per cent of the candidates registered for Unit 1, Statistical Analysis, and 83 per cent 
registered for Unit 2, Mathematical Applications, obtained acceptable grades, Grades I–V.  The 
standard of work seen from most of the candidates in the examinations was satisfactory. 
 
In Unit 1, candidates appeared to be well prepared in Describing and Collecting Data and in 
Managing Uncertainty, while Analysing and Interpreting Data continued to be a challenge for many. 
 
In Unit 2, candidates appeared to be well prepared in Discrete Mathematics and Probability and 
Distributions.  Particle Mechanics again seemed to be a challenge for many candidates.  Generally, 
candidates are still having difficulty with algebraic manipulations. 

 
DETAILED COMMENTS 

 
UNIT 1 

 
Paper 01–Multiple Choice 

 
Performance on the 45 multiple-choice items on Paper 01 produced a mean of 56 out of 90 with 
scores ranging between 0 and 88. 

 
Paper 02–Essay 

 
Module 1 

 
Question 1 
 
This question tested candidates’ ability to  
 

(a) distinguish between qualitative and quantitative data, and between discrete and continuous 
data 

(b) distinguish between a parameter and a statistic 

(c) distinguish between a sample and a population 

(d) identify simple random sampling, systematic sampling, stratified sampling, quota sampling 
and cluster sampling 

(e) determine class boundaries, class widths, and calculate frequency densities 
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(f) state some advantages of grouping data. 

The question was attempted by all candidates, with about 75 per cent satisfactory responses.  In 
Part (a), candidates performed exceptionally well. 
 
In Part (b), about 60 per cent of the candidates did well.  The other 40 per cent knew the definition of 
parameter or a statistic but did not know how to relate them to the context of the question given. 
 
Part (c) was generally well done by most candidates; a few candidates had difficulty differentiating 
between a sample and a population. 
 
Answers (i)   sample (ii)  population 

 

In Part (d), about one-third of the candidates scored full marks.  The other candidates showed some 
measure of confusion as to which technique to use.  Responses included techniques such as 
convenience instead of quota, purposive, snowball or multistage instead of systematic. 
 
Answers (i)   cluster (ii)   stratified     (iii)   systematic    (iv)  quota     (v)   simple random 

 

Part (e) (i) and (ii) were well done by most of the candidates.  A few candidates gave the boundaries 
as 24í29, while others gave no indication of how they got their answers.  
 
Part (e) (iii) was poorly done by the majority of the candidates.  Candidates did not understand the 
concept of frequency density.   
 
In Part (e) (iv), many candidates knew that the data was grouped but still had difficulty estimating the 
number of children who took more than 60 minutes to complete the assignment.  Very few candidates 
were able to correctly calculate the answer. 
 
Part (v) was poorly done by most candidates.  Many gave some notable responses such as ‘normally 
distributed’, ‘does not take exact values’ and ‘not accurate’.   
 
Answers  (i)  24.5, 29.5  (ii) 10  (iii)  3  (iv)  8  (v)  loss of individual data values 

 
Question 2 
 
This question tested candidates’ ability to 
 

(a) (i) construct and use a stem and leaf diagram to display data 
(ii) give one disadvantage of using a stem and leaf diagram 

 
(b) determine the median and mode from ungrouped data 

(c) calculate the mean from ungrouped data 

(d) outline an advantage of using the mean from raw data 

(e) calculate the trimmed mean from given data 

(f) interpret and describe the shape of a distribution in terms of ‘skewness’ 

(g) describe the shape of the distribution 
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This question was attempted by most of the candidates who gave satisfactory responses. 
 
Part (a) (i) was exceptionally well done except for a few candidates who omitted the key.  Part (a) (ii) 
was not well done.  Only a few candidates were able to correctly state one advantage of using the 
stem and leaf diagram to display data.   

 
In Part (b) (i), candidates performed exceptionally well except for a few who calculated the position 
of the median but were unable to give the final answer.  For Part (b) (ii), the majority of the 
candidates were able to determine the modal age. 
 
In Part (c), all the candidates knew the formula for calculating the mean but a few made errors in 
summing the given values.  Part (d) seemed to have posed a great difficulty for most candidates 
although some knew the answer but had problems expressing the solutions correctly.   
 
In Part (e), many candidates showed competency in calculating the 8 per cent trimmed mean which 

was 
100

8  x 25 = 2, but had difficulty calculating the mean using 
n

x¦ which was
21

542 .  Few candidates 

knew that two values should be subtracted from both sides of the data.  Many candidates used n as 23 
rather than 21. 
 
For Part (f) (i), half of the candidates had difficulty determining the quartiles.  They knew the formula 
but did not calculate the true value.  Many gave the position of the term as the answer. 
 
Part (f) (ii) was exceptionally well done.  Candidates were able to calculate the semi-interquartile 
range of the ages based on their responses from Part (f) (i).  A few candidates had the wrong formula 

and therefore used 
2

13 QQ �  instead of 
2

13 QQ � . 

 
Part (g), was fairly well done.  The majority of candidates correctly described the shape of the 
distribution as positively skewed. 
 
Answers (a) (i) all data values are maintained   (b) (i)  24 (b) (ii)  19  

(b) (iii)  27.08   (d)  effected by extreme values or outliers    (e)  25.84 

(f)  (i)  20, 32  (f) (ii)  6      (g)  positively skewed. 

 
Module 2 

 
Question 3 
 
This question tested candidates’ ability to 
 

(a) calculate: 

(i) the probability of an event A, where P(A) represents the number of possible outcomes of A 
divided by the total number of outcomes 

(ii) the probability of two events occurring as P(A�B) = P(A) + P(B) – P( A �  B) 

(iii) the probability of an intersection of two events A and B i.e. P(A �  B) 

(iv) the conditional probability of two events A and B i.e. P(A|B) = 
)(

)(
BP

BAP �  
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(b) use the property that P(A')   = 1 – P(A) where P(A') is the probability that event A does not 
occur. 

(c) calculate, using an appropriate method, the different combinations of  patties chosen by 
patrons at a restaurant. 

Part (a) (i) was attempted by approximately 98 per cent of the candidates, with about 65 per cent 
giving a satisfactory response.  Candidates inappropriately applied independent events in their 
solution. 
 
Part (a) (ii) was attempted by most candidates, with approximately 75 per cent giving a satisfactory 

response.  Some candidates interpreted P(A|B)  as 
)(
)(

BP

AP  

 
For Part (a) (iii), the majority RI�FDQGLGDWHV�ZHUH�XQDEOH�WR�LGHQWLI\�WKH�UHJLRQ�IRU�3�$
�ŀ�%
�. 
 
Part (b) (i) was generally very well done.  However, a few candidates, in stating the probability as a 
fraction, used an incorrect denominator. 
 
In Part (b) (ii), some of the candidates represented the data in a Venn diagram but incorrectly 
FDOFXODWHG�WKH�LQWHUVHFWLRQ���2WKHU�FDQGLGDWHV�LQFRUUHFWO\�FDOFXODWHG��3�$�ŀ�B) as P(A) x P(B) rather 
than using P(A�B) = P(A) + P(B) – P( A �  B). 
 
For Part (b) (iii), approximately 50 per cent of the candidates did not recognize that this question was 
an event without replacement.  Part (c) (i) was very well done.   The 30 per cent who did (c) (ii) 
incorrectly did not cube the respective probabilities. 

 
In Part (c) (iii), many candidates were unable to identify all six combinations of the three types of 
patties.  For Part (c) (iv), some candidates did not recognize the use of the conditional probability.  
Some of them interpreted P(chicken and the same type) to be P(chicken) x P(same type). 

 
Answers  (a) (i) 0.5  (ii)  0.694  (iii)  0.14  (b) (i)  8/15  (ii)  3/15   (iii)  3/7 

 (c)  (i)  0.091    (ii)  0.142  (iii)  0.189   (iv)   0.642 

 
Question  4 
 
This question tested candidates’ ability to 
 

(a) (i) calculate the expected value of independent events 
(ii) use the Binomial to calculate probability of independent events 
(iii) interpret and calculate probability of  independent events 
 

(b) (i) use the Binomial distribution to find n 
(ii) use the Binomial distribution to find expected value 
(iii) use the Binomial distribution to calculate probability 
 

(c) (i) decide when to use the Normal distribution as an approximation of a Binomial distribution 
(ii) calculate probabilities using the Normal distribution.. 

 
Many candidates scored fairly well on this question, with the most common score being 18 marks out 
of 25. However, many candidates did not follow instructions as it pertained to stating the answer to 
three significant figures. Several candidates rounded-off prematurely, and this affected the accuracy 
of their final answer. 
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Part (a) (i) was generally well done, with most candidates getting the correct solution of 16.5 days. 
Surprisingly many candidates did not know the number of days in the month of September (values 
ranging from 28 to 32 were used). Candidates who obtained no marks on this part of the question 
demonstrated a clear lack of understanding of discrete probability. 
 
In Part (a) (ii), most candidates correctly identified the use of the Binomial. However, many 
candidates incorrectly substituted the values for p and q into the formula and therefore were unable to 
obtain the answer of 0.239. 
 
In Part (a) (iii), many candidates could not interpret the probability of independent events and were 
unable to obtain the answer of 0.166.  Part (b) (i) was very well done by those candidates who 
attempted it.  Part (b) (ii) was generally also well done as most candidates were able to obtain the 
answer of 10.5. 
 
Part (b) (iii) was generally well done by most candidates who knew that the use of the Binomial was 
required. However, not many of them obtained the answer of 0.206 as the values for p and q were 
incorrectly substituted. 
 
In Part (c) (i), most candidates received partial credit as they did not state both conditions. A large 
sample size was interpreted by most candidates as n > 30; however, many of them did not realize that 
the value of p needed to be close to 0.5. Many candidates answered with np > 5 and nq > 5 as two 
separate conditions when these should have been stated together as one condition. Some candidates 
also gave npq > 5 which had to be recognized since it is stated as such in the syllabus. 
 
For Part (c) (ii), many candidates used the Binomial distribution although an approximation with the 
Normal distribution was required. Many candidates who used the Binomial failed to include P(x = 0) 
in the solution, and of those who used the Normal distribution, the continuity correction was 
incorrectly used.  
 
Answers   (a)  (i)  16.5  (ii)  0.239   (iii)  0.166    (b)  (ii)  10.5   (iii)  0.206   (c)  (ii)  0.416 

 
Module 3 

 
Question 5 
 
This question tested candidates’ ability to 
 

(a) identify the distribution of the sample mean 
(b) calculate unbiased estimates of the population mean and standard deviation 
(c) interpret a confidence interval 
(d) construct and use a confidence interval. 

 
In Part (a), many candidates were able to identify the distribution of the sample mean as the Normal 
distribution but had difficulty stating its parameters. 
 
For Part (b) (i), most candidates failed to identify the sample mean as the middle of the given 
confidence interval. Many candidates set up the equations for both ends of the interval and attempted 
to solve them as simultaneous equations but did not complete them due to poor algebraic skills. As a 
result, many candidates did not obtain the answer of 0.575. 
 
In Part (b) (ii), candidates were able to obtain the answer of 80. Most substituted whatever value was 
obtained in the previous part into one of the equations for the confidence interval and proceeded to 
solve for n. This part also indicated that some candidates have weak algebra skills. Most candidates 
recognized the need to round-off the answer for the discrete variable. 
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Part (c) was fairly well answered and most candidates obtained the answer of 2. Those getting this 
part incorrect attempted to construct the confidence interval rather than interpret the information that 
was given. 
 
Part (d) (i) (a) was well done by the majority of the candidates who obtained the correct answer of 
0.99 but failed to write the solution in ‘thousands of dollars’. The most common error was simply 
dividing the values given for ‘sum of all x¶ by ‘sum of all values of x¶ rather than using the given 

sample size,  
¦
¦

x

x
2

 rather than 
n

x¦ . 

 
Most candidates attempting Part d (i) (b) applied the formula incorrectly, however, for Part d (ii), 
most candidates knew the formula but were unable to obtain the correct z-value of 1.881. 
 
Answers   (b)  (i)  0.575   (ii)  80 
 
Question 6 
 
This question tested candidates’ ability to 
 

(a) evaluate the t-test statistic 

(b) determine the appropriate number of degrees of freedom from a given data set 

(c) determine the t-values from the t-distribution table 

(d) apply a hypothesis test for a population mean using a small sample (n < 30) drawn from a 
Normal population with an unknown variance 

(e) GHWHUPLQH�WKH�FULWLFDO�YDOXH�IURP�WKH��FKL�VTXDUHG��Ȥ2) tables and hence determine the critical 
region for the test 

(f) DSSO\�D�Ȥ2 test for independence in a 2 x 3 contingency table. 

 
In Part (a) (i), many candidates interchanged the null and alternative hypotheses.  Some candidates 
incorrectly stated the null hypothesis as H0��ȝ��150.  For Part (a) (ii), most candidates lost a mark 
because they did not calculate the expected number of hardback cover textbooks to the nearest whole 
number.  In Part (a) (iii), moVW�FDQGLGDWHV�ZHUH�XQDEOH� WR� LGHQWLI\� WKH�FRUUHFW� UHMHFWLRQ� UHJLRQ��Ȥ2 > 
5.991.  Other candidates gave the critical value rather than the rejection region.  Most candidates who 
attempted Part (a) (iv) were able to state whether the null hypothesis was rejected or accepted, but 
could not interpret this with a valid conclusion. 
 
For Part (b) (i), most candidates stated the conditions for the use of a t-test rather than the assumption.  
Part (b) (ii) was fairly well done; however, some candidates used the sample mean x  instead of the 
SRSXODWLRQ�PHDQ�ȝ�DQG�Rthers did not state a mean.  In Part (b) (iii), many candidates were unable to 
identify the correct rejection region.  Some candidates did not state the answer as a region but as a 
value.  

Most candidates who did Part (b) (iv) incorrectly used the test value as 
n

x
z

V
P�

  instead of 

1�

�
 

n

x
t

V
P . 
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Many of the candidates who attempted Part (b) (v) were able to identify the acceptance region of the 
null hypothesis, but did not state a clear conclusion as was required. 
 
Answers  (a)  (ii)  7,  56  (iii) Ȥ2

 > 5.991  (iv)  reject H0 ;  there is no association between the type 

of book and its cover. 

 

(b)  (i)  normal distribution  (ii) H0���ȝ� �������+1���ȝ�!��������LLL���W�!���������LY��DFFHSW�+0��ȝ�
= 150, there is no evidence of an increase in the mean mass of the packages. 

 
UNIT 2 

 
Paper 01 – Multiple Choice 

 
The performance on the forty-five multiple choice items on Paper 01 produced a mean of 62 out of 90 
with scores ranging between 0 and 88. 
 

Paper 02 – Essays 
 

Question  1 
 
This question tested candidates’ ability to 
   
(a)       derive and graph linear inequalities in two variables 
 
(b)       determine the solution set that satisfies a set of linear inequalities in two variables 
 
(c)       determine the feasible region of a linear programming problem 
 
(d)       determine the optimal solution of a linear programming problem 
 
All the candidates attempted this question but only about 60 per cent performed satisfactorily with 
scores between 18 and 25 marks. 
 
Part (a) was poorly done. All the candidates who attempted this section knew that they should 
substitute values into the function yxP 2� . However, most candidates did not use the significant 
points in the region to find the optimal solution. A few of the candidates misread the scales on the 
graph.  
 
Part (b) was fairly well done. Most candidates knew how to find the row minimum. However, some 
candidates maximized instead of minimize. A few candidates utilized other methods such as solving 
the equations simultaneously rather than the required Hungarian method to find the solution, 
Candidates also used a version of the Hungarian method that required that the minimum uncovered 
element be doubled and added to the elements that were covered twice. 
 
In Part (c), most candidates were able to list the three paths, only a few did not start at A and did not 
finish at A. 
 
Answers 

 

(a) Using P = x + 2y and the points (5.7, 9), (17, 7) and (20, 4.4) 

 The maximum value of P is 31 and it occurs when x = 17 and y = 7. 
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(b)(i) A is assigned to task 1 

 B is assigned to task 4 

 C is assigned to task 5 

 D is assigned to task 2 

 E is assigned to task 3 

 

(b)(ii) The total minimum time taken by the five persons = 50 + 50 + 50 + 50 + 49 = 249 minutes. 

Any part that starts at A and ends at A. For example: ABCDA, ABEA, ABEDA, AECDA, 

ABCEA, etc. 

 
Question  2 
 
This question tested candidates’ ability to 
 
(a) represent a Boolean expression by a switching or logic circuit 
 
(b)       use switching and logic circuits to model real-world situations 
 
(c) use the laws of Boolean algebra to simplify Boolean expressions 

 
(d)        use truth tables to determine if propositions are equivalent 

 
(e)        derive a Boolean expression from a given switching or logic circuit. 
 
This question was attempted by all the candidates. However, only 70 per cent performed satisfactory. 
 
Part (a) was poorly done. Some candidates confused the switching and logic circuits. A few 
candidates used truth tables to assist them in drawing the switching circuit, but there were some who 
only did the truth tables, while some of them also used a combination of switching and logic circuits. 
 
Part (b) was well done by most candidates. Only a small number of candidates did not complete the 
truth table.  In Part (c), most candidates knew that they should use gates, but some of them did not 
combine the gates correctly. 
 
About 90 per cent of the candidates attempted Part (d).  Candidates knew how to calculate the float 
and the earliest start time but some of them did not know how to find the latest start times. Most 
candidates knew that they needed to use the float to determine the critical path. However, there were a 
few candidates whose float did not have anything to do with their critical path. 
 
Answers 

 

(a) Tom works hard if and only if he is successful. 
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(b)
p q ~p ~q ~ p  v  ~  q p  a  ~  q ( ~  p  v  ~  q ) ^ ( p  a  ~  q)
T T F F F F T
T F F T T T T
F T T F T F F
F F T T T F F

Activity Earliest Start Time Latest Start Time Float
A 0 0 0
B 6 6 0
C 16 16 0
D 6 17 11
E 18 19 1
F 18 18 0
G 22 22 0

The critical path is: Start, A, B, C, F, G, Finish

- A ------B -

- B ------C -

- C ------ A - OR

A ­

B-

-A-

-C-

- B -

-C-

A B

B C

C AOR

a -

b

(d) (i)

(H)

(c)
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Question 3 
 
This question tested the candidates’ ability to 
 
(a) use the cumulative distributive function  F(x) = P(X ��x) to calculate  

(i) the constant, k 

(ii)  the probability between two values 
 

(b) calculate the expected value, variance, median and other quartiles 

(c) calculate the probability density function, f(x), from the cumulative distributive function, F(x) 

The question was fairly well done. 
 
In Part (a), most candidates used integration, instead of just substituting the value for F(6) = 1 to 
arrive at the correct solution. 
 
For Part (a) (ii), most candidates related Part (ii) to Part (i) by using integration.  They recognized that 
they were dealing with the boundary value and hence had to subtract. 

Candidates who attempted Part (a) (iii) knew that the median value was 0.5, but did not use the 
correct formula to find its value.  Similarly for Part (a) (iv), many candidates knew that the lower 
quartile value was 0.25, but did not use the correct formula to find its value. 

In Part (b), most candidates recognized that they had to differentiate in order to get a probability 
density function. However, many of them differentiated the wrong function, and hence got the wrong 
graph. 
 
For Part (b) (ii), most candidates knew the formulas for E(X) and the Var(X), but used incorrect 
functions.  A few candidates did not subtract the [E(X)]2 when finding Var(X). 

In Part (b) (iii), some candidates treated Var(X) and E(X) as being discrete and used the formula  
E(X�� ��xP(X = x) rather than E(X) = ³ 2

1
)(x

x
dxxxf . 

Answers 

 

(a) (i) 1/3   (ii)  ½   (iii)  4.5   (iv)  3.75    (b)  (ii)   9/2    (iii)   3/4 

Question 4 
 
This question tested candidates’ ability to 
 

(i) solve problems involving probabilities of the Normal distribution using z-scores 

(ii) carry out a Chi-VTXDUH��Ȥ2) goodness-of-fit test with appropriate number of degrees of 
freedom. (The situation in this question was modelled by the uniform distribution.) 

The question was fairly well done by most candidates. 
 
In Part (a) (i), most candidates were able to get the standardization of the normal distribution, but 
many could not follow a logical order of steps to get the correct answer.  Also, some candidates used a 
premature approximation of the z value, but they were unable to follow through the solution. 
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Part (a) (ii) was well done by most candidates and they were able to get at least four out of the five 
marks.   

In Part (b), a few candidates incorrectly used the table as a contingency table.  Most candidates were 
able to get Part (b) (i) correct, with few candidates missing the key terms independent and dependent 
in both hypotheses. 
 
The majority of the candidates got Part (b) (ii) correct, but a few candidates incorrectly interpreted the 
table. 
 
In Part (b) (iii), the majority of candidates read the table incorrectly.  Many of them calculated the 
degrees of freedom correctly, but some used the wrong formula for calculaWLQJ�WKH�YDOXH�RI�Ȥ2.  Most 
candidates had problems writing the region and wrote the critical value instead, that is, instead of 
ZULWLQJ� Ȥ2 > 9.447, WKH\�ZURWH� Ȥ2 = 9.447. Many candidates did not clearly state their conclusion.  
They were able to reject the null hypothesis, but could not give a concluding statement such as time 

taken is not dependent on distance traveled. 
 
Answers (a) (i)  0.241    (ii)  0.204    (b)   H0:  the number of employees who work overtime is 

independent of the distance of their home from the workplace.  H1:  the number of 

employees who work overtime is dependent on the distance of their home from the 

workplace.  (ii)  20   (iii)  Ȥ2 
= 11.30 

 
Question 5 
 
This question tested candidates’ ability to use equations of motion for a body moving in a straight line 
with constant acceleration and to find the velocity of a particle at a given distance from a starting 
point, given distances and times. 
 
In Part (a), candidates recognized the need to apply an equation of motion for a body moving under 
the given conditions.  However, many candidates encountered difficulty selecting the correct equation 
to enable them to solve the problem.  Many candidates did not appreciate the significance of constant 

acceleration and stated that distance = speed multiplied by time. 
 

In Part (b), the problems experienced by candidates were similar to those in Part (a). 
 

Answers 

 

(a)  (i)   acceleration:  2 ms
-2

;  (ii)  time = 9 secs. 

(b)  (i)  acceleration:  0.25 ms
-2

;    (ii)  velocity = 5.3 ms
-1. 

 
Question 6 

 
This question tested the candidates’ ability to  

 
(a) calculate   

(i)  the tension in a string 

(ii) the angle of inclination of a string to the vertical, given a particle hanging from a fixed point 
by an elastic string and drawn sideways by a horizontal pull on the particle, with the system in 
equilibrium. 
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(b) find the magnitude of   

(i) the acute angle of inclination of the string with the vertical 

(ii) the pull, when the string is about to break given the value of the strain needed to break the 
string. 

 
(c) Calculate the  

(i) magnitude of  ai + bj 

(ii) angle of inclination of ai + bj to Ox given a particle in equilibrium under the action of forces 
5i, 3i + 6j, and ai + bj. 

In Part (a), candidates were able to resolve in two perpendicular directions and to use these two 
equations to calculate (i) the tension in the string and (ii) the angle of inclination. 
 
Answers   (i)  Tension = 10N  (ii)   36.9 degrees. 
 
In Part (b), candidates had little difficulty solving the problem.  They were able to resolve in two 
directions and thereby determined the required values. 
 
Answers  (i)  57.8 degrees  (ii) 12.7 N 

 

For Part (c) (i), candidates recognized that for equilibrium, the vector sum of the forces must be equal 
to 0.   From this the values of a and b were calculated.  They were then able to calculate the 
PDJQLWXGH�DV�¥�D2 + b2�� �¥��2 + 62) = 10 
 
In Part (c) (ii) candidates obtained the value of their angle as 36.9 degrees.  However, only a small 
percentage of the candidates gave the correct answer of (180 + 36.9) degrees as the angle of 
inclination to Ox.  This required the measure of the angle in an anticlockwise direction from the 
positive direction of Ox. 
 
 

Paper 03/A – Internal Assessment 
 

UNIT 1 
 

After evaluating the internal assessment projects, it was found that 
 

1. project titles for approximately half of the candidates were too vague and not properly 
worded.  In some projects the titles were missing. 

2. in many projects the method of data collection was not sufficiently detailed. 

3. candidates included analysis of data in the presentation of data; for example, contingency 
tables and correlation tables were presented as data.  Some of the tables and figures were 
appropriate for the data. 

4. in many projects the symbols used in charts and diagrams were not defined. 

5. too often questionnaires and long tests of data were included in the presentation of data. 
This is unnecessary and should be appropriately placed in the appendices. 
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6. candidates generally failed to link their findings to the purpose of their projects. In many 
instances, new information was found in the discussion of findings or the conclusion 
section which did not relate to the variables under consideration in the project. 

 
UNIT 2  

 
The following relate to internal assessment projects for Unit 2. 
 
1. Generally, candidates demonstrated a high degree of mastery in the mathematical principles 

pertaining to the syllabus.  In most cases, the mathematical analyses were relevant and carried 
out with few flaws. 

 
2. There was evidence of originality and creativity. 
 
3. Projects were appropriately applied to real-world problems and situations. 
 
4. Over 90 per cent of the candidates were able to effectively communicate information in a 

logical way using correct grammar and mathematical language. 
 
Some areas of concern were: 
 
1. About 20 per cent of the candidates ignored the stipulated format for the presentation of the 

project. 
 
2. The statement of the task was not explicit enough in about 30 per cent of the projects. 
 
3. Some of the tables used were not clear; other tables were presented without headings and 

without reasons for their use. 
 
4.   Some candidates presented more data than was need for their analysis. 
 
Recommendations 
 
Candidates have to spend more time solving problems from the Mechanics Module as well as 
developing the ability to explain concepts. 
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INTRODUCTION 

The revised Applied Mathematics syllabus was examined this year for the third time. This is 
a two-unit course comprising four papers.  Paper 01, consisting of 45 multiple-choice items, 
Paper 02, consisting of six essay questions and Paper 032 (written by private 
candidates),made up of three questions, were examined externally while Paper 03 was 
examined internally by class teachers and moderated by CXC.  Contributions from Papers 01, 
02 and 032 to each Unit were 30 per cent, 50 per cent and 20 per cent respectively. 
 
Unit 1:  Statistical Analysis, tested (i) Collecting and Describing Data; (ii) Managing 
Uncertainty and (iii) Analysing and Interpreting Data. Unit 2:  Mathematical Applications, 
tested (i) Discrete Mathematics, (ii) Probability and Probability Distributions, and (iii) 
Particle Mechanics. 
 

GENERAL COMMENTS 

 
In 2011, 580 candidates wrote the Unit 1 examination with and 11 wrote the Alternative to 
the School-Based paper, Paper 032.  For Unit 2, 217 candidates wrote the examination three 
candidates wrote, Paper 032. 
 
In Unit 1, candidates appeared to be well prepared in Describing and Collecting Data and 
somewhat in Managing Uncertainty, while Analysing and Interpreting Data seemed to be a 
challenge for many of them. 
 
In Unit 2, candidates appeared to be well prepared in Discrete Mathematics and Probability 
and Probability Distributions.  Particle Mechanics again seemed to be a challenge for many 
candidates. 
 
Generally, candidates are still having difficulty with the algebraic manipulations. 
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DETAILED COMMENTS 

UNIT 1 

Paper 01 – Multiple Choice 

Performance on the 45 multiple-choice items on Paper 01 produced a mean of 55 out of 90 with some 
scores ranging between 12 and 90. 

Paper 02 – Essays 

Question 1 

This question tested candidates‟ ability to 

(a) distinguish between qualitative and quantitative data, and between discrete and 
continuous data 

 
(b) distinguish between a parameter and a statistic 

 
(c) distinguish among the sampling methods: simple random, stratified, systematic, quota 

and cluster 
 

(d) outline the differences between simple random and stratified sampling 
 
(e) use systematic sampling and stratified sampling to obtain a sample. 
 
All candidates attempted the question.  Eighty per cent of them performed exceptionally well 
on this question. 
 
In Part (a) candidates performed exceptionally well. 

 Answers:  (i) A, D, E (ii) B, C (iii) A, E (iv) D  (v) B, C 

Part (b) was well done by the majority of the candidates. 

In Part (b) (i) many candidates were able to recognize different sampling methods.  However, 
other terms were used by candidates that were not specified in the syllabus, for example, 
snow balling and multi-staging method. 

 Answers:  Simple random, systematic, quota, stratified, cluster 

In Part (b) (ii) about two-thirds of the candidates, despite the lack of the necessary parameters 
needed to answer the question, efficiently, were still able to answer satisfactorily. 

 Answer:  n=15 

Part (b) (iii) was done exceptionally well by most candidates. 

 Answer:  8 



ϰ�
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Part (b) (iv) was poorly answered.  Less than one-third of the candidates produced complete 
answers.  The answers were too simplistic and candidates failed to make a proper comparison 
between the given terms – stratified and simple random sampling. 

Answers:  In simple random, every member of the population has an equal chance of 

selection while in stratified the members have equal chance of selection only in strata. 

OR 

Stratified is more representative of population, while in simple random one stratum 

may be over or under represented. 

Part (c) was done exceptionally well. 

Answer:  Parameter is a numerical measure calculated from population and statistic 

is a numerical measure calculated from sample data. 

Question 2 

This question tested candidates‟ ability to 

(a) construct and use a stem and leaf diagram to display data 
 

(b) calculate the trimmed mean from given data 
 

(c) determine the quartile 
 

(d) calFXODWH�WKH�LQWHUíTXDUWLOH�UDQJH 

This question was attempted by all candidates and the responses were satisfactory. 

Part (a) (i) was done satisfactorily.  Candidates understood the concept of median, but some 
of them used the middle value from the x-axis. 

 Answer: 25 

In Part (a) (ii), some candidates also used the upper quartile reading and lower quartile 
reading from the x-axis to find the inter-quartile range. 

 Answer:  9 minutes 

In Part (a) (iii), most candidates were able to recognize that 26 persons waited 20 minutes.  
These candidates were able to follow through to produce the correct answer.  However, some 
candidates read off the value as 23 and were only awarded one mark for subtraction. 

 Answer:  74 persons waited 20 minutes or more at the clinic. 
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Candidates generally understood how to construct a stem and leaf diagram as required for 
Part (b) (i) (a), but had problems with split classes and therefore produced incorrect diagrams.

Answer:

0 4 4
0 O

n
O

n
=0=0

1 44333221000

1 6 6 7 8
2 0
2 5
3 0 key: 116 mean

1
key: 1\6 means 16

In Part (b) (i) (b), 98 per cent of the candidates were able to arrive at the correct mode.

Answers: 10 and 13

In Part (b) (i) (c), 65 per cent of the candidates were able to find the position of the median, 
but were unable to state the median.

Answer: median is 12

Eighty-five per cent of the candidates were able to calculate the position of the upper quartile 
and lower quartile in Part (b) (i) (d), however, they subtracted the positions instead of the 
values.

Answer: Interquartile range = 7 

In Part (b) (i) (e), most candidates were able to calculate the 8 per cent trimmed mean, which
S iiiX1 26>0■was —  x 2S = 2, but had difficulty calculating the mean using — = — . Most candidates

knew that two values should be subtracted from both sides of the data, however some of them 
used n as 23 rather than 21.

Answer: 8% trimmed mean —► ^  x 25 = 2 (discard top 2 and bottom 2 numbers)

8% trimmed mean = ^  = 12.4

In Part (b) (i) (f), 90 per cent of the candidates were able to describe the shape of the 
distribution.

Answer: positively skewed

In Part (b) (ii), the majority of the candidates were able to identify that the mean and range 
were the two measures which were affected by outliers.

4 4
7 8 8 9 9
0 0 0 1 2 2 3 3 3 4 4 
6 6 7 8 
0
5

0 key: 116 means
1
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Question 3

This question tested candidates’ ability to:

(a) calculate the probabilities P(x = a), P(x < a) where x~£>in(n, p)

(b) calculate the mean of a binomial distribution

(c) use the normal distribution as an approximation to the binomial distribution where
appropriate np > 5 and npq > 5 and apply a continuity correction.

(d) (i) use a cumulative distribution function table

(ii) compute probabilities

(iii) calculate the expected value of E(X) and Var(X) of a discrete random
variable X.

Part (a) (i) was attempted by 90 per cent of the candidates, with about 80 per cent giving a 
satisfactory response. Although many candidates recognized the application of the binomial 
many of them encountered difficulties using the parameters p  and q and the respective 
indices.

In Part (a) (ii), many candidates were able to recognise that P(X >  4) = 1- P {X <  4) or

1 - P ( X < 3). However, a few candidates were able to interpret it as 1- P(X < 4) and

1- P (X <3)

Part (b) was generally well done.

In Part (c), many candidates were able to use the normal approximation

X ™ N(19, 15.2) and standardized correctly P (  13.5 -  19 „ 21.5 -  19^
< Z  <

V152 VT52

However, some candidates were unable to calculate 0 (-1.411) in order to arrive at the correct 
solution. They encountered difficulties using the standard normal curve and subtracting the 
required table obtained from 1. This information later assisted them in obtaining 0 (-1.411) = 
(1-0.9208).

In Part (d) (i), many candidates did not attempt to construct the probability distribution table; 
instead they used the cumulative distribution function for the given table. However, 90 per 
cent of the candidates who attempted to construct the probability distribution table were 
successful in their attempt and gave the correct answers.

In Part (d), most candidates were able to recognise that the probability of x>3 is equivalent to 
P (x = 4) + P(x = 5) + P(x = 6) or 1- P (x <  3). A few candidates did not interpret the 
P(x <  3} correctly and therefore obtained the wrong solution. One example of the incorrect 
solutions was P(x = 0) + P(x =1) +P(x = 2) + P(x = 3).

21.5 -  19N

V 152 ,

(d) (i) use a cumulative distribution function table
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In Part (d) (iii), many candidates incorrectly used the cumulative distribution function to 
calculate the value o f E(X) and Var(X). However, approximately 75 per cent of them were 
able to calculate E(X) using the correct method. Additionally a few candidates were unable 
to recall the correct formula to calculate the Var(X). Other candidates interpreted the question 
incorrectly by constructing a frequency table to calculate E(X) and Var(X) o f the distribution.

Answers

(a) (i) 0.302 (ii) 0.121 (b) 2 (c) 0.660 (d) (i) 0.01, 0.22, 0.41, 0.22, 0.14
(d) (ii) 0.77 (d) (iii) 4.26, 0.972 

Question 4

This question tested candidates’ ability to:

(a) ( i , ii, iv) calculate P ( A H B )  and P( AUB)

(iii) calculate the conditioned probability P( A|B ) = P( A

(v) state whether A and B are independent events, identify independent
events

(b) Construct a tree diagram and use the laws o f probability to solve problems involving
the diagram.

This question was attempted by more than 95 per cent o f the candidates; however, only forty 
per cent o f them attained greater than 50 per cent o f the marks in the final score.

In Part (a) (i), candidates assumed that the events A and B were independent events and 
demonstrated a lack o f proficiency o f conditional probability. Even though candidates 
encountered difficulties, some were able to deduce and use

P(A|B) = P(A  °  B ) .
A(B)

In Part (a) (ii), most candidates were able to state the formula for P(AU B) and therefore  use 
it to obtain the solution.

In Part (a) (iii), candidates demonstrated understanding of conditional probability since 
approximately 70 per cent of them were able to arrive at the correct solution.

In Part (a) (iv), candidates demonstrated a lack o f understanding o f P(A n  B) and therefore 
were unable to give the solution.

In Part (a) (v), the majority o f candidates were able to identify that A and B are not 
independent. However, some candidates were unable to state that

P(A).P(B) = 0.6 x 0.4 = 0.24, P(Afl B) = 0.08

In Part (b) (i), most candidates demonstrated a comprehensive understanding of the 
probability tree and were able to label all the probabilities in their prospective places.

= P(A  n  B)  
P(B)

P(A  n  B)  
P( B)  '
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In Part (b) (ii) (a), candidates demonstrated a lack of knowledge in utilizing the tree diagram 
and deducing a formula. This resulted in candidates’ inability to provide a favourable 
response.

In Part (b) (ii) (b), candidates demonstrated a lack of understanding of P(B/L) = P B̂ p ^
P{L)

and were therefore unable to obtain 0,5 x 0,6 = 0.474 correct to three significant figures.
1 -  0.315

Answers

(a) (i) 0.08 (ii) 0.92 (iii) 0.133 (iv) 0.32
(v) P(An B) =  P(A ).P(B),then A and B are no t independent.

(b)(i)

(ii) a) 0.315 b) 0.474

Question 5

This question tested candidates’ ability to

(a)

(b)

(c)

(d)

draw scatter diagrams to represent bivariate data

calculate the mean of x and v i.e.:* and y  and plot on a scatter diagram

calculate equation and draw the regression line y and x passing through x  , y  
on a scatter diagram

calculate and interpret the value of r, the product mean correlation coefficient 

(e) and (f) make an estimation using the appropriate regression line.

This question was exceptionally well done.

0.20

0.60

J.80

■q.,65

,0 . 5 0

0.30

0 .40,

0.20

0.3E

p (b  n  L )

~ piLr
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For Part (a), many candidates were able to plot the scatter diagram accurately. However, 
candidates must make every effort to use materials provided in the exam. Candidates opting 
to use their own scale inadvertently complicated the question and may have lost marks due to 
inaccuracies in scale.

In Part (b), calculation of x  and y  was very well done. Some candidates failed to realize that
the summary statistics had been provided and calculated required statistics from raw data.
Most candidates were successful in plotting (*, y).

For Part (c), the majority o f candidates were able to identify the equation y on x as being 
y  = a + bx and most candidates were able to substitute correctly into the equation. 
Inconsistencies in approximated values were the major reason for loss o f marks. Candidates 
must read the instructions of the paper and give answers to three significant figures unless 
otherwise specified. Many candidates failed to draw the regression line on their graph.

Many candidates showed competency in stating the formulae for finding r and substituting 
accurately into that equation for Part (d). The main reason for loss of marks was the incorrect 
substitution of n = 20. Though many candidates were successful in finding r = 0.965, the 
majority of candidates were unable to interpret this value as strong positive correlation. Just 
stating positive correlation was insufficient to obtain the mark assigned.

Part (e) was generally well done as most candidates were able to correctly identify the 
required equation and substitute x = 45 accurately to ge ty  = 43.5 sm 44 years.

Part (f) was well done, however, approximately 40 per cent o f candidates were unable to state 
that the regression line obtained was unreliable as the required value, x = 45, was outside the 
range of values given in the table.

Answers: (b) *  = 28.6 and y = 28.8
(c) y  =  3.15 + 0.897*
(d) r = 0.965 which implies strong positive correlation
(e) y  = 43.5 Rf 44 years
(f) This value is not reliable as x = 45 lies outside the range o f values 

given for x.

Question 6

This question tested candidates’ ability to
-  CT2(a) apply the central limit theorem where n >30 and use the fact that Var X = —

n

where X is the sample mean, u the population mean and n the sample size.

(b) determine the degree o f freedom for a given test and level o f significance

In Part (b), calculation of x and y  was very well done. Some candidates failed to realize that 
the summary statistics had been provided and calculated required statistics from raw data. 
Most candidates were successful in plotting ( f , y).

(b) x = 28.6 and y = 28.8
(c) y  =  3.1S + 0.897*
(d) r = 0.965 which implies strong positive correlation
(e) y  = 43.5 44 years
(f) This value is not reliable as x = 45 lies outside the range o f values 

given for x.

x  =
nn
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(c)  (i)    formulate a null hypothesis H0 and an alternate H1 
    (ii)       calculate the expected frequencies, E, when the null hypothesis is true 
   (iii) (a) determine the appropriate number of degrees  

(b) determine the critical region for a given test 
(c) determine the test statistic 

   (iv)       give a valid conclusion of the test  
 
 
Part (a) was well done by the majority of the candidates who recognized the need to use the 
central limit theorem.   

 
For Part (b) most candidates correctly obtained the degrees of freedom.  There were a few 
candidates who were unable to determine the level of significance.  They mistook the p value 
= 0.95 to be the level of significance. 

 
In Part (c)(i), about 50 per cent of the candidates were not sure how to state the null and 
alternate hypotheses.  Most of these candidates then had inaccurate conclusions. 
 
Part (c)(ii) was generally well done.  Most candidates calculated the expected values 
correctly.  There were a few candidates who did not state the formula and gave answers to 
more than one decimal place or rounded off their answers to the nearest whole number.  This 
resulted in the total sample size being more than 300. 
 
Candidates need to be reminded that final answers should give the same result as the 
observed values. 
 
More that 90 per cent of the candidates correctly calculated the degrees of freedom correctly. 
 
In Part (c)(iii)(b), about 40 per cent of the candidates did not read the critical value correctly 
which resulted in their critical region being incorrect.  The value of the test statistic, Part 
(c)(iii) c) was also incorrectly, calculated mainly because candidates‟ expected values were 
incorrect. 

 
Most candidates were able to state the conclusion clearly, for Part (c)(iii)(iv).  However, their 
reasons were unclear for the most part.  This is an area that needs attention. 
 
Answers 

(a) ¸
¹
·

¨
©
§|

50
16100,NX    (b)  4 d.f. ; 5% s.f.    

(c)  H0:  no association between gender and response of school teachers 
 H1:  there is an association between gender and response 
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 Observed values: 

 In favour against No 
opinion total 

Male 102 62 11 175 

female 73 45 7 125 

total 175 107 18 300 

 

(iii) D��������E���F�U��Ȥ2 !��������F���Ȥ2
calc = 10.995 

(iv) reject H0 

 

Paper 03/A -Internal Assessment 

 

The internal assessment for Applied Mathematics tested candidates‟ ability to apply the 
theories learnt in the syllabus to realíworld situations. 
 
After evaluating the internal assessment projects, it was found that: 
 

1. Innovation and creativity were lacking in over 50 per cent of the samples as 
candidates often chose topics that were used by fellow classmates. 
 

2. Project titles were often vague. 
 

3. Some candidates did not list the variables in the purpose section. 
 

4. Some candidates misused the sampling technique in the method of data collection 
section. For example, in comparisons of gender, simple random sampling was used 
when stratified random sampling was the more appropriate technique to use. 
 

5. In many instances, charts, graphs and diagrams were given which were not relevant to 
the purpose of the project. 
 

6. Questionnaires and long tables of data were unnecessarily included in the presentation 
of data in about 20 per cent of the samples. These should be appended at the end of 
the projects. 
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Areas of Strengths and Weaknesses Identified 

Strengths 

1. Recalling basic definitions, for example, a sample, a population 

2. Drawing a stem and leaf diagram 

3. Reading Ȥ2  and títables 

4. Standardizing values using the normal distribution 

5. Recognizing when the binomial distribution is to be used 

Weaknesses 

1. Candidates were unable to obtain a sample mean given the end points of a confidence 
 interval 

2. Candidates were unable to define a critical region given the critical value 

3. Candidates incorrectly interchanged the H0 and the H1 IRU�WKH�Ȥ2 test 

 

UNIT 2 

Paper 01 – Multiple Choice 

Performance on the forty-five multiple-choice items on Paper 01 produced a mean of 61 out of 90 
with scores ranging between 18 and 90. 
 

Paper 02 – Essays 
 
Question 1 

This question tested the candidates‟ ability to: 
 
(a) formulate conditional propositions 
 
(b) derive a Boolean expression from a given logic circuit, 

(c) represent a Boolean expression by a switching circuit. 

(d) establish the truth value of 

  - negation of simple propositions,  

- compound propositions that involve conjunctions, disjunctions and     

   negations, 

  - conditional and bi conditional propositions, 
 

- use truth tables to determine if propositions are equivalent 
 
(e) use the laws of Boolean Algebra (de Morgan‟s Law) to simplify Boolean expressions 
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All candidates attempted this question but only about 40 per cent attained a score greater than 
20.

Part (a) was fairly well done. All the candidates who attempted this section successfully filled 
out the truth table. However, a few candidates did not comment on the equivalence of p  and 

q) => (p A^ q).

Part (b) was fairly well done. Most candidates were able to write the Boolean expression for 
the logic circuit whilst some used the incorrect logic notation (+ and .) for (or and and). 
Candidates should ensure that the correct notations are used.

Part (c) was satisfactorily done. Candidates were unable to distinguish between a switching 
and a logic circuit.

Part (d) was very well done. Candidates were able to convert statements to a Boolean 
expression.

Part (e) was poorly done. Candidates were unable to apply the laws of Boolean algebra to 
prove the identity.

Answers:

(b) [p A {q r)] V r

(c) a

a

(d) (i) V => q (ii) ~  <? V

Question 2

This question tested candidates’ ability to:

(a) solve a minimization assignment problem (4 X 4) by the Hungarian Algorithm

(b)(i) use the activity network algorithm to draw a network diagram to model a real-world 
problem

(ii) calculate the earliest start time, latest start time and float time

(iii) identify the critical path in an activity network

This question was well done. Candidates attempting Part (a) were knowledgeable of the 
Hungarian algorithm, however, some candidates did not apply the concept of stopping the 
algorithm when the number of lines of shading is equal to the dimension of the matrix.

h

rJb  .

c

q) => (p q).

(d) (i) V => q (ii) ~  <? P

[p A (q  V' '̂ r ) ]  V r

q =>™

(~p q)V"
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In Part (b) (i), some candidates drew two unnecessary edges (AE and AC) since D was 
preceded by A. The labelling of the duration and activity in the network were not done 
correctly by some candidates. Candidates need to be reminded that the START and FINISH 
nodes should be included in the network diagram.  

In Part (b) (ii), candidates encountered difficulty in calculating the latest start time and 
identifying the order of the critical path. 

Answers: 

(a) A – 1, B – 4, C – 3, D – 2. 

(b) (i)   

   A    C 

 Start    D     Finish 

   B    E 

 

 

 (ii)   

 

 (iii)   

 

 

 

 

 

(iii)(a) Start – A – D – C – Finish (b)  24 hours 
 
Question 3 

This question tested candidates‟ ability to 

(a) calculate the number of selections of n distinct objects taken r at a time 

(b) calculate the number of ordered arrangements on n objects taken r at a time 

(c) identify probability models, the geometric distribution 

(d) calculate the E(X) for the geometric distribution 

Part (a) (i) was well done except for a few candidates who did not divide by the 3. Some 
candidates treated all “M's” individually. Some of them were not sure and did both. 

Activity Earliest Start Time Latest Start Time Float 

A 0 0 0 

B 0 21 21 

C 18 18 0 

D 7 7 0 

E 18 22 4 
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Part (a) (ii) was partially done by the majority of candidates. The most common error was 
either not multiplying by „3‟ or not dividing by „3!‟.  Several candidates again treated each 
“M” individually.  A few candidates, instead of multiplying by „3‟, multiplied by „3!‟. 

Part (a) (iii) was well done.  The most common error was doing „5! x 4!‟. 

Part (b) was well done except for some candidates who did “nCr + mCs” instead of “nCr × mCs. 
 
Part (c) (i) was poorly done since candidates did not recognize the distribution as „Geometric‟ 
and/or did not use the appropriate parameter. 

Part (c) (ii) (a)  was fairly well done.  

In Part (b), candidates interpreted the question wrongly and solved for „greater than 3‟ and 
not „greater than 2‟.  

In Part (c), many candidates interpreted the question wrongly and solved for „less than or 
equal to 4‟ instead of „less than or equal to 3‟. 

Part (d) was well done.  

Answers: 

(a) (i) 840 (ii) 360 (iii)  120 

(b) 209 

(c) (i) X ~ Geo(1/3) (ii)  a) 2/9 (b) 4/9 (c) 19/27 (d)  3 
 

Question 4 

The question tested candidates‟ ability to: 

(a) calculate probabilities using the Poisson distribution 

(b) calculate probabilities using the binomial distribution 

(c) calculate probabilities using appropriate counting techniques 

Part (a) (i) was fairly well done. Most errors were due to candidates using an incorrect or 
incomplete formula. „Ȗx‟ many times treated as „Ȗ[‟. 
 
In Part (a) (ii), several candidates were unable to correctly interpret the inequality. 

In Part (a) (iii), candidates failed to use the appropriate parameter for fortnight and continued 
using the parameter given for weekly average. 

In Part (b), most candidates identified the correct distribution and parameters.  Few 
candidates failed to find 2/3 of 12 and proceeded to solve using the value of X as 2/3 instead 
of using a value of 8. Again, a few candidates were unable to interpret the inequality 
correctly.  Most candidates were aware of how to use the Binomial formula. 
 
In Part (c) (i), most candidates obtained full marks.  The few candidates who did not, treated 
the problem as though the marbles were being replaced. 
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Part (c) (ii) was poorly done since candidates struggled to obtain the correct amount of 
arrangements that there were thus resulting in loss of marks.
Part (c) (iii) posed a challenge to candidates since many of them failed to obtain the correct 
amount of arrangements and their corresponding probabilities.

Answers
(a) (i) 0.0498 (ii) 0.353 (iii) 0.161
(b) 0.8885
(c) (i) 1/21 (ii) 2/7 (iii) 4/9 

Question 5
This question tested candidates’ ability to
(a) apply Newton’s laws of motion to

- a particle moving along an incline plane with constant acceleration,
- a system of two connected particles
- resolve forces on an inclined plane.

(b) solve problems involving power
This question was not well done since only 20 per cent of the candidates attained a mark 
greater than 20. Most candidates attempted Part (a). Some candidates did not recognize that
sin-1 was the angle.

In Part (a) (i) (a), some candidates did not include the normal reaction on the inclined plane. 
For Part (a) (ii) (b), some candidates did not convert the speed to m i '1
In Part (a) (ii) (c), candidates were familiar with the equation to compute Power but used the 
initial velocity instead of the final velocity.
Part (b) was fairly well done.

(t)

Answers: 
(a) (i)

P
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200N

8 1100gN

(ii) a) 0 . 5 j k ' : b) 3250 N c) 65kW

(b) (i) ^ m s ~ 2 4 0 0  JIT
(11) - 7 - N

Question 6

This question tested candidates’ ability to:

(a) draw and use velocity -  time graphs

(b) calculate the work done by a constant force.

This question was attempted by most candidates with only ten per cent attaining marks 
greater than 20.

In Part (a) (i), most candidates were able to interpret the given information to produce the 
graph.

For Part (a) (ii), three methods were used to answer this question but the majority of the 
candidates were unsure of what was required. Candidates should be consistent with the units 
(m inu tes  -* h rs /s ) .

In Part (b) (i), candidates were familiar with the formula to compute work done but some 
used the incorrect component of the force.

For Part (b) (ii), candidates were unable to resolve the forces on the inclined plane. In 
addition, candidates were unable to apply the formula:

Work done = Work done against gravity + work done against frictional force

Answers:

(a) (i) v / k m h  1

0.5 m s 2 3250 N 65kW
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v

0.5km

O

1.5 km 0.3 km

10
t f h

(ii) 961 kmh 2

(b) (i) 276 /  (ii) 239N
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UNIT 2 

Paper 03/A – Internal Assessment 

1.  Statement of Task  
 
x Needs to be more specific 
 
x Must include a definition of the variables 
 

2. Method of Data Collection 
 
x Most candidates did not understand what it means to collect data 
 

3. Evaluation 
 
x Approximately ten per cent of candidates did not state a conclusion. 
 
x Conclusions need to be more precise and related to the analysis and statement of task 
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GENERAL COMMENTS 

The revised Applied Mathematics syllabus was examined this year for the fourth time. This is 
a two-unit course comprising three papers.  Paper 01, consisting of 45 multiple choice items, 
and Paper 02, consisting of six essay questions were examined externally, while Paper 03 was 
examined internally by class teachers and moderated by CXC.  Contributions from Papers 01, 
02 and 03 to each unit were 30 per cent, 50 per cent and 20 per cent, respectively. 

Unit 1, Statistical Analysis, tested Collecting and Describing Data, Managing Uncertainty 
and Analysing and Interpreting Data. 

Unit 2, Mathematical Applications, tested Discrete Mathematics, Probability and Probability 
Distributions and Particle Mechanics. 

In 2012, the number of candidates writing the examinations for Units 1 and 2 were 672 and 
237, respectively. 

Approximately 80 per cent of the candidates registered for Unit 1, Statistical Analysis, and 83 
per cent of the candidates registered for Unit 2, Mathematical Applications, obtained 
acceptable grades, I–V.  The standard of work seen from most of the candidates in this 
examination was satisfactory. 

In Unit 1, candidates appeared to be well prepared in Describing and Collecting Data and 
somewhat in Managing Uncertainty, while Analysing and Interpreting Data seemed to be a 
challenge for many candidates. 

In Unit 2, candidates appeared to be well prepared in Discrete Mathematics and Probability 
and Distributions.  Particle Mechanics again seemed to be a challenge for many candidates. 

Generally, candidates are still having difficulty with algebraic manipulations. 

Overall, for Paper 031, the School-Based Assessment (SBA), students demonstrated a high 
degree of mastery in the mathematical principles pertaining to the syllabus.  In most cases, 
the mathematical analyses were relevant and carried out with few flaws. 

There was evidence of originality and creativity and projects were appropriately applied to 
real-world problems and situations.  Over 90 per cent of the students were able to effectively 
communicate information in a logical way using correct grammar and mathematical 
language. 
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DETAILED COMMENTS 

UNIT 1 

Paper 01 – Multiple Choice 

Performance on the 45 multiple choice items on Paper 01 produced a mean score of 57.15, 
standard deviation of 18.15 and scores ranging from 14 to 90.  

Paper 02 – Essay 

Module 1:  Collecting and Describing Data 

Question 1 

This tested the candidates‟ ability to 

x distinguish between population and a sample, a census and a sample survey, a 
parameter and a statistic 

x define a sample frame 

x distinguish between random and non-random samples 

x identify different sampling methods 

x calculate the number of items in a sample 

x construct a stem and leaf diagram 

x calculate the inter-quartile range 

x determine the median from a set of data. 

Though this question was generally well done, many candidates could not identify cluster 
sampling.  Most candidates were able to identify systematic sampling. 

Candidates had difficulty explaining the advantages of using different methods of sampling. 

Most candidates were able to calculate the number of workers in the sample using option B. 

For Part (b), many candidates could not give a definition for a sampling frame. For Part (c), 
the stem and leaf diagram was generally well done, but then candidates could not state the 
advantage of using the stem and leaf diagram. 

In determining the median, candidates were able to state the location of the median, but did 
not state the median. 

Most candidates knew how to find the IQR, but many of them read the values for Q1 and Q3 
incorrectly. 
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Answers 

(a) (i) A: Cluster sampling, non-random 

B: Stratified sampling, random 

C: Systematic sampling,  random 

(ii) Not all workers will have a chance of being selected 

(iii) Possibility of bias 

(iv) 16 workers. 

(b) (i) Sampling frame is a set of elements from the population from which the 
 sample is drawn 

(ii) Households may not have a telephone 

(ii) Only persons listening to the programme will call 

(c) (i) Stem Leaf 

4 0  2  7 

5 3  6  7  8  8  9  9 

6 0  1  2  3  4  6  7  9 

7 1  4  4  5 

8 1  2  2      key: 7|4 = 74 

 (ii) All data values are preserved 

 (iii) Median = 62; IQR = 15 

 

Question 2 

This question tested candidates‟ ability to  

x identify a population, census, sample, statistic, parameter 

x determine the mode and median from a frequency distribution 

x calculate the mean and the standard deviation from a frequency distribution 

x use cumulative frequency curves. 
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Calculation of the standard deviation was a problem since many candidates could not 
correctly quote the formula for standard deviation. 

Candidates also had problems identifying the normal distribution.  Candidates used 
descriptions such as „symmetric to left and to the right‟, „normally symmetric‟, „left skewed 
normally‟. 

Whereas candidates could read values from the graph, using the graph to calculate values 
proved to be a challenge. 

Answers 

(a) Population, census, sample, statistics, parameter 

(b) (i) Mode = 3,  Median = 3 

(ii) Mean = 3;  SD = 1.48  

(iii) The distribution is normal 

(c) 350; 35; 7.14 per cent IQR = 14;  x = 36.5 minutes 

 

Module 2 

Question 3 

This question tested candidates‟ ability to 

x calculate the probability of  (i) the union of two events: ( )P P Q� and (ii) the  

conditional probability of two events ( )P P Q  

x identify (i) independent  and (ii) mutually exclusive events 

x solve probability problems 

x use a probability distribution table to obtain probabilities. 

Parts (a) (i) a) was attempted by approximately 96 per cent of the candidates, with about 98 
per cent giving a satisfactory response. 

Part (a) (i) b) was attempted by approximately 96 per cent of candidates, with about 85 per 
cent giving a satisfactory response.  Some candidates gave the incorrect definition for 

( ) ( ) ( )( )
( ) ( ) ( )

P R Q P R P Q
P R Q or or

P R P Q P R

�
  . 

Parts (a) (ii) a) and b) were attempted by approximately 96 per cent of candidates, with about 
70 per cent giving a satisfactory response.  Many candidates were unable to state their 
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answers in clear mathematical terminology (jargon) and provide correct reasons to support 
their answers.

Parts (b) (i) a) and b) were attempted by approximately 90 per cent of candidates, with less 
than 50 per cent providing satisfactory responses. Many candidates were unable to 
distinguish between Parts (a) and (b). This indicated that candidates lack proper 
understanding of the concept P (F ' n  E ') and P{E only or F  only).

Part (b) (i) c) was attempted by approximately 90 per cent of candidates, with more than 80 
per cent providing satisfactory responses. However, many candidates did not approximate 
correctly to three significant figures.

For Part (b) (ii), most candidates were unable to identify the concept of combined probability; 
as a result, less than 30 per cent of candidates who attempted this part provided satisfactory 
responses.

Parts (c) (i) and (ii) were generally well done, with approximately 96 per cent of candidates 
attempting and 98 per cent giving satisfactory responses. However, a few candidates were 
unable to identify and use the correct formula for the mean; they attempted to divide the 
mean by the total number of orders.

Answers

(a) (i) 0.88; 0.2 (ii) Not independent; Not mutually exclusive

(b) (i) 0.07; 0.65; 0.483 (ii) 0.21

(c) (i) 0.45 (ii) 6.48 

Question 4

This question tested candidates’ ability to

• identify a binomial distribution and state its parameters

• calculate probability using the binomial distribution

• use the normal distribution to calculate probabilities.

Most candidates attempted Part (a) (i); however, the parameters in some cases were either 
interchanged or incorrect. Some candidates were unable to state the distribution as binomial, 
using normal notation instead.

In Part (a) (ii) a), most candidates attempted to use the formula; however, values used were 
incorrectly substituted. In some cases, candidates incorrectly stated the formula
P(_X = r) C "  p r qn~r .
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For Part (a) (ii) b), several candidates failed to use the property p(x > l) = l -p(x  < l) or l -p(x = o). 

In many instances 1 -  P(X = 1) or 1 -  [P(X = 0) + P(X = 1)] was used.

The majority o f candidates attempted Part (a) (iii) but did not do the entire question. They 
were able to correctly use the formula for E[X].

For Part (b) (i), most candidates had a general understanding of standardizing; however, some 
used the wrong values at times. Candidates who demonstrated an understanding o f this 
concept rounded off their values too early; this had an effect on their final answers. Some 
also used continuity correction which was unnecessary. The remaining set o f candidates was 
unable to arrive at the correct answer because of standardizing using the variance rather than 
standard deviation or finding the root of 14.5 in a few cases. Also, some candidates did not 
know to subtract their value from 1. Another common mistake was misreading the values 
from the table or adding values incorrectly; for instance, for 0(1.379) = 0.9147 + 0.0014 the 

expression 0.9147 + 0.14 was frequently seen.

In Part (b) (ii), some candidates were able to formulate the statement P(X >  c) = 0.20 and 

standardize; however, others read the table for 0(0.2) or even if  they arrived at the correct 

conclusion 0 -1(0.8), they could not read the tables successfully. Candidates were able to 

derive the equation c  =  (0.842 x 14.5) +  630, but in the other cases c =  630 -  (0.342 x 14.5) 

was seen.

Most candidates failed to accurately complete Part (b) (iii). Again, continuity correction was 
commonly seen and many candidates were able to standardize but as in Part (b) (i), 
candidates rounded off too early so again table values were incorrect. Also, candidates failed 
to demonstrate an understanding of solving probabilities using the normal distribution. For 
instance, P ( - 1.379 < Z  < 1.379) = 2(1 -0(1 .379)) was frequently observed.

Very few candidates had difficulty understanding what was required for Part (b) (iv). The 
answer calculated in Part (b) (iii) was correctly used to solve this part o f the question.

Answers

(a) Bin (12, 0.45); 0.0923; 0.999; 18

(b) 0.0839; 642.2; 0.8332; 54.
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Module 3

Question 5

The question tested candidates’ ability to

• state the mean, variance and distribution of the mean, x of the sample

• calculate the probabilities that the sample mean is less than a given value
• calculate a 98 per cent confidence interval for the mean length
• calculate an unbiased estimate for the standard deviation
• state the condition necessary for a valid use of a t-test to test the hypothesis about the 

mean of x
• state the null hypothesis H0 and an alternative hypothesis H1
• apply a one-tailed test
• determine the critical value from tables for a given test and level of significance
• identify the critical region for a given test
• state a valid conclusion of the given test.

In Part (a) (i), many candidates were able to correctly identify the normal distribution and 
state the mean. However, they had difficulty identifying the variance.

In Part (a) (ii), many candidates used the incorrect value rather than However, most of

them were able to read off the table values as well as apply 1 -^ (z ) to  calculate the 
probabilities.

In Part (b), many candidates used a one-tailed test as opposed to the two-tailed test. Many 
candidates also used the variance instead of the standard deviation. As a result, many 
candidates did not obtain the interval (75.73, 76.07).

In Part (c) (i), many candidates were able to write a correct formula. However, depending on 
the formula that they used, they did not use the —̂  factor. However, most candidates found

the square root of their answer.

Part (c) (ii) was well answered and most candidates were able to identify two conditions 
necessary for the t-test; many candidates did not state that the distribution must be normal.

For Part (c) (iii) a), most candidates were able to set up the hypothesis correctly but neglected 
to test for ii, for example, H0 : * = 3.5 and Hi : x < 3.5. Many candidates used statements 
rather than symbols, but did not state that it was the mean battery life that was being tested. 
Several candidates used a two-tailed test.

due r;
Vw

S_

Vn*

i "

n-1
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In Part (c) (iii) b), many candidates used their unbiased estimation from Part (c) (i) and
S2

obtained an incorrect tQa\Q. Several candidates used — in the denominator. Several candidates
V3

obtained a positive value for tcalc because they used (3.5 - 3.4).

In Part (c) (iii), although many candidates were able to identify the correct degrees of 
freedom and read the correct table value of 1.895, they did not identify the critical region.
In Part (c) (iii), most candidates were able to state whether the null hypothesis was rejected or 
accepted, but could not interpret this with a valid conclusion.

Answers

(b) (75.73, 76.07)

(c) (i) 0.2; (ii) Small sample size, variance unknown, normal distribution (iii) Accept
H0: p, = 3 .5 ;the advertisement is not overstating p,

Question 6

This question tested candidates’ ability to

• formulate a null hypothesis H0, and an alternative hypothesis H±

• relate the level of significance of the probability o f rejecting H0 given that HQ is true

• determine the critical values from tables for a given test and level of significance
• determine the degrees o f freedom
• determine probabilities from x2- tables

• apply a x 2 test for independence in a contingency table

• draw scatter diagrams to represent bivariate data
• give a practical interpretation o f the regression coefficient
• draw the regression line of y  on x passing through (x, y) on a scatter diagram

• make estimations using the appropriate regression line.

This question was attempted by 95 per cent o f the candidates. Eighty per cent o f them 
performed exceptionally well on this question.

For Part (a) (i), most candidates gave appropriate responses for the hypothesis. Few of the 
candidates however misrepresented the null and the alternative hypothesis.

In Part (a) (ii), most candidates demonstrated the ability to calculate the degree o f freedom 
using the correct formula. Some candidates included the totals in their rows and columns 
during their calculations.

—  ̂ 1272 ''
(a) X  « N  420, — —  ; 0.0491 

49
V J

(a) X  * N
f  9 '12.72
420, -------

49
; 0.0491
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In Part (a) (iii), candidates demonstrated their understanding of the critical region using either 
a graphical or calculated approach.  Some candidates, after identifying the critical value, did 
not convert this to a critical region. 

In Part (a) (iv), the majority of candidates was able to complete the table effectively. For Part 
(a) (v), most candidates were able to give an appropriate conclusion using their results from 
Part (a) (i) and (ii). 

In Part (b) (i), the majority of candidates demonstrated their ability to plot six or more points 
correctly. For Part (b) (ii) a), only a minority of candidates were able to demonstrate their 
understanding of the x coefficient and its relationship to the rainfall at the two stations. In 
Part (b) (ii) b), most candidates were able to state the formula for mean and use it correctly. 

In Part (c), candidates were able to plot the mean on their graph but a significantly large 
number of candidates were unable to draw the regression line correctly. 

In Part (d), candidates demonstrated their knowledge to find y given x either graphically or by 
calculations. 

Answers 

(a) Ȥ2 � 5.991, (v) reject H0; opinion is dependent of sex. 

(b) (ii) For every 1 cm increase of rainfall at Station A there will be a 0.8 cm increase  
at Station B 

(iii) Mean rainfall at A = 4.3;  Mean rainfall at B = 3.87 

(c) y = 3.98 

 

Paper 031 – School-Based Assessment (SBA) 
 

Statistical Analysis 
 

Approximately 80 per cent of students were able to score marks for project title and purpose. 
If they did lose marks, it was because they failed to clearly state the variables used in the 
study. Students are reminded to be concise in the statement of purpose. In some cases, the use 
of statistical theory was limited by students‟ choice of topic. Students also displayed a lack of 
creativity in topic selection. 
 
A few students failed to secure the two marks allotted for data collection.  In some cases the 
method selected was not appropriate and often when appropriate, students failed to 
adequately describe their choice.  Most were able to describe the general method and select 
an appropriate method but failed to describe its application adequately. 
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Students were able to get the three marks allotted to data presentation and demonstrated 
adequate expertise in the use of statistical language, jargon and symbols.  Marks were lost 
because tables and charts were not labelled and in some cases were ambiguous. 
 
Most students demonstrated fair statistical knowledge. Minor inaccuracies of statistical 
concepts were identified and often overlooked by teachers. Teachers need to pay special 
attention to the calculation of averages as well as the expected values for the chi-squared 
distribution. In most cases, there was a logical flow of data and this was extended to the 
discussion. 
 
Approximately half of the students failed to relate their findings to the purpose of the project, 
although all the calculations would have been completed. In many cases, this section was too 
wordy. Students need to be concise in their conclusion. The conclusion must also be clearly 
stated and must be related to the purpose of the project. 
 
Students who refer to websites must make an effort to follow the accepted convention in a 
consistent manner. Students must also make an effort to select reliable websites. Most books 
listed were properly referenced.  Students must endeavour to use multiple references. 

 
Students‟ choice of font style and size made projects very difficult for reading. They are 
urged to follow conventional formatting used in academic papers.  (Times New Roman, font 
size 12, double spacing, etc.) 

 

Areas of Strengths and Weakness 

Strengths 

x Recalling of basic definitions, for example,  a sample, a population 

x Drawing a stem and leaf diagram 

x Reading values from the normal distribution, the chi square and the t-tables 

x Standardizing the normal distribution 

x Recognizing when the binomial distribution is to be used. 
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Weaknesses 

x Using independent events inappropriately 

x Calculating unbiased estimate of the standard deviation 

x Being unable to obtain a sample mean given the end points of a confidence interval 

x Being unable to define a critical region given the critical value 

x Interchanging the H0 and the H1 IRU�WKH�Ȥ2  test 

x Determining when to use the t-test rather than the Z test 

x Failing to use three significant figures when giving answers.  

 

Paper 032 – Alternative to School-Based Assessment 

Scripts for ten candidates were marked and the overall performance was satisfactory.  

Question 1 

This question tested candidates' ability to 

x explain why sampling is necessary 

x determine what constitutes a population 

x identify sampling methods 

x distinguish between qualitative and quantitative data 

x construct a histogram from a grouped frequency distribution 

x determine the mode and median from grouped frequency distribution 

x calculate the mean and trimmed mean from a sample. 

Marks for this question ranged from 7 to 17 with half of the candidates earning fewer  than 
ten marks and the other half earning ten or more marks. Completing the histogram and 
calculating the mean were generally well done. Although candidates could easily identify the 
modal and median class, they had difficulty stating the actual mode and median. Most 
candidates had no idea what trimmed mean meant as they simply found ten per cent of the 
mean calculated in the previous section of the question. 
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Answers  

1. (a) (i)  Impossible to identify the entire population 

     (ii)  The ice-cream lovers in the island 

     (iii)  Cluster 

     (iv)  Qualitative 

(b) (i)  Individual data values are lost 

      (iii) Mode = 54.5   (iv)  Median = 54.5 

(c) (i)  Mean = 218.47  (ii)  Trimmed mean = 191.72 

 

Question 2 

This question tested candidates' ability to  

x list elements of a probability space 

x identify elements of an event 

x calculate the probability of event 

x recognise the conditions for using the binomial distribution 

x use the binomial distribution to calculate probability 

x use the normal distributions as an approximation for the binomial distribution. 

For this question, marks ranged from 0 to 20. Four candidates performed poorly, obtaining 
either zero or two marks and one candidate failed to respond to this question. The other five 
candidates performed well with scores ranging from 14 to the maximum possible marks 
obtainable, 20.  Candidates who performed poorly obviously had no knowledge of this topic.  
Candidates who did well generally had difficulty with Part (b) (ii) – using an appropriate 
approximation for finding ( 340)P x t . 

Answers 

(a)  (i)  0.049     (ii)  0.347   (iii)  0.189 

(b) (i)   0.240   (ii)  0.0032 
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Question 3 

This question tested candidates' ability to  

x calculate unbiased estimates for the mean and the variance 

x formulate null and alternative hypotheses 

x evaluate the t-test statistic 

x apply the t-distribution in a hypothesis test of the mean and determine the validity of 
the t-test 

x use the regression line to estimate values of y 

x calculate and interpret the product moment correlation coefficient. 

Marks awarded for this question ranged from 1 to 20 with one candidate not providing a 
response. Three candidates performed very well with scores of 18 or more, while all other 
candidates got awarded scores of ten or fewer than ten. From the three questions in the paper, 
this question had the poorest performance. The best performance was seen in Parts (a) (i) a) 
and (b) (i). Candidates failed to differentiate between working with a sample and working 
with a population. Although candidates had the formula and values for Part (b), these made 
errors in substitution and simplification.  

Answers 

(a)  (i)  Mean = 13.33 ;  SD = 5.35 

(ii)  Accept H0 

(iii) Distribution must be normal 

(b) (i)  y = 48.35   (ii)  r = 0.51;   moderate, positive 

The questions in this paper were of appropriate difficulty; adequate time was given to 
candidates to complete the examination and the marks were appropriately allotted to the 
various items. It is evident that some candidates were prepared for this paper while others 
were unprepared and therefore performed poorly. 
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UNIT 2 

Paper 01 -  Multiple Choice

Performance on the 45 multiple-choice items on Paper 01 produced a mean score of 58.42, 
standard deviation of 17.40 and scores ranging from 21 to 90.

Paper 02 -  Essay

Question 1

This question tested candidates’ ability to

• derive and graph linear inequalities in two variables

• determine whether a selected trial point satisfies a given inequality

• determine the solution set that satisfies a set of linear inequalities in two variables

• determine the feasible region of a linear programming

• identify the objective function and constraints of a linear programming problem

• determine a unique optimal solution (where it exists) of a linear programming 
problem

• formulate linear programming models in two variables from real-world data.

This question was attempted by the majority of candidates with about 60 per cent of them 
providing satisfactory responses and 20 per cent getting a mark over 19.

In Part (a), few candidates achieved full marks as they were unable to define the variables x  

and y  as the number of backhoes of Type A and Type B respectively. Candidates were also 

unable to reproduce the correct linear programming model with some candidates forgetting to 
include the non-negative constraints, as well as to ‘maximize’ the objective function.

In Part (b), many candidates were unable to represent the equations of the straight lines on the 
Cartesian plane accurately. They were, however, able to shade the feasible region based on 
the lines that were drawn.

Part (c) posed problems for candidates as they read the coordinates of the vertices 
inaccurately, (0, 15) instead of (0, 16). Also one of the vertices (16^ , B^) did not contain

non-negative integers. Candidates approximated this vertex to (17, 8) which was found to lie 
outside the feasible region. Many candidates were, however, able to attain the correct 
number of each type of backhoe to give a maximum weight of the soil to be removed and the 
maximum weight of the soil.
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Answers 

(a) (i) Maximize: P = 40x + 60y where x is the number of backhoes of Type A and y is the   
number of backhoes of Type B 

 (ii) 50x + 20y ���������x + 8y �������x + y ������x �����y ��� 

(c) (i) 12 backhoes of Type A and  13 backhoes of Type B 

 (ii) The maximum weight of soil removed in one day = 1260 tonnes 

Question 2 

This question tested candidates‟ ability to 

x formulate simple propositions 
x determine if propositions are equivalent using truth tables 
x use the laws of Boolean algebra to simplify Boolean expressions 
x represent a Boolean expression by a switching or logic circuit. 

Part (a) (i) was well done by the candidates. Most candidates obtained full marks. Part (a) (ii) 
was also well done by the majority of candidates. 

For Part (b), many candidates found it difficult to determine the truth value. Candidates used 
truth tables to determine the answer. However, this method was not required. Candidates 
need to spend more time with this type of proof. 

For Part (c) (i), 80 per cent of the candidates were able to assign propositional statements. 
However, only about 60 per cent were able to express the statement in symbolic form. 
Problems encountered were missing brackets and incorrectly placed brackets. 

For Part (c) (ii), candidates encountered problems simplifying logic symbolic statements and did 
not change the OR to AND. 

Candidates XQGHUVWRRG�WKH�FRQFHSW�RI�³127�(NOT p)”. 

For Part (d) (i), the majority of candidates obtained the correct solution. Many candidates 
recognized the solution by carefully observing the diagram. 

For Part (d) (ii), about 80 per cent of the candidates were able to construct the truth table 
from Part d �L�� DERYH�� 6LPSOH� PLVWDNHV� ZHUH� PDGH� LQ� REWDLQLQJ� ³ ~ B C� ´�� +HQFH�� WKLV�
affected their final result. 

For Part (e), most candidates were able to draw the three logic gates. Weaker candidates did 
not realize that the brackets should have been worked first in order to obtain the final correct 
solution. 
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Answers 

(a) (i)  

p q r rq �  � �rqp ��  rp �  qp �  � � � �qprp ���  

T T T T T T T T 

T F T F F T F F 

T T F F F F T F 

T F F F F F F F 

F T F F T T T T 

F F T F T T T T 

F F F F T T T T 

 
(ii) 

p q qp�  � � pqp ��  

T T T T 

T F T F 

F T T F 

F F F T 

 
 (b)  ^ `)844()422(~532  �� �� �  

^ `

FT

TT

TTT

�
�

��
~
~

 

Therefore, the statement is false 

(c) (i)  p: It is hot 

  q: It is sunny 

  a�aSޕ��T� 

 (ii) qpqpqp ~~~~)(~~ � � �  
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(d) (i) A A ( ~ B V  C)

(11)

A B C ~B ~ B  v  C A a  (~ B  v  C)

1 1 1 0 1 1

1 1 0 0 0 0

1 0 1 1 1 1

1 0 0 1 1 1

0 1 1 0 1 0

0 0 1 1 1 0

0 0 0 1 1 0

The circuit is on when:

■ A  is on, B is o ff and C is o ff

■ A  is on, B is o ff and C is on

■ A  is on, B is on and C is on

(e)

p

<1

■ A  is on, B is o ff and C is o ff

■ A  is on, B is o ff and C is on

■ A  is on, B is on and C is on
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Module 2 

Question 3 

This question tested candidates' ability to  

x apply the properties of the probability density function f of a continuous random 
variable X 

x calculate the expected value of a continuous function 

x calculate P(X � 1) 

x use the cumulative distribution function 

x solve problems using the normal distribution with a continuity correction. 

The question was generally well answered with over 65 per cent of candidates being awarded 
a mark of 16 or more (out of 25 possible marks). Of these candidates, a little less than half 
scored 20 marks or more.  

Common errors made by several candidates were:  

x Poor handling of algebraic manipulation of equations obtained after integration in Part 
(a) (i). 
 

x Improperly interpreting the interval for Part (a) (i) by treating the variable as discrete 
rather than continuous 
 

x Failing to use the given function as a cumulative distribution function although this 
was stated in Part (b),. 

 
x  In Part (c) (ii), candidates failed to take the inverse of I  when required to solve the 

equation )6732.0(
3

16x 1�I 
� . Most candidates did not follow the instruction to give 

the answer exactly or to three significant figures. 
 

Answers 

(a) (i)  3 1,64 4a b �   

(ii) 57( 1) 64P X t   

(b) (i) 26
125   (ii) 3.97 
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(c) (i) 0.0668  (ii) 17.3 

 

Question 4 

This question tested candidates‟ ability to 

x formulate and use the probability function f(x) =  P(X = x)  

x apply the formula for probability using the Binomial distribution. 

Nearly half of the candidates writing this paper were awarded scores higher than 15 out of the 
25 possible marks. Close to 30 per cent of candidates did very well, obtaining scores of 20 or 
more. A small number of candidates did not respond to this question and 35 per cent obtained 
a score of ten or fewer than ten. 

The question was set at an appropriate level of difficulty; however, some common errors 
were: 

x Failing to take into account all the probabilities required by the question, especially 
( 0)P X  . 

x Inappropriately making an approximation using the normal or Poisson distributions 
where the binomial was the appropriate distribution to use. 

x Making computational errors when calculating probabilities in Part (a) (iii). 
x Using an incomplete formula for calculating the variance. 

 

The best responses were those given for Part (a) (ii). 

Answers 

(a) (ii) ^ `4,5,6,7,8  

(iii) 

x 4 5 6 7 8 

( )P X x  1
21 2

7  1
3  2

7  1
21 

 
(iv) 6 

(v) 0.976 

(b) (i) � � � �4 1620
4 0.04 0.96C   (ii) 0.238 
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Module 3 

Question 5 

This question tested the candidates‟ ability to 

x calculate the coefficient of friction between an object and a surface 
x calculate the parallel force required to pull an object down an inclined plane at a 

constant speed 
x calculate the total power output of the motion 
x verify the horizontal range of a projectile and then determine the maximum range and 

the time of flight for a shell fired from a gun. 

In Part (a) (i), candidates knew the formula F RP , but applied it incorrectly. 

Some candidates drew the 600 N force parallel to the horizontal instead of parallel to the 
plane. Candidates need to read the questions carefully. 

Part (a) (ii) presented a challenge to candidates.  Some of them used the 600 N from          
Part (a) (i).  Candidates also had difficulty resolving forces parallel to the plane correctly.  

Teachers need to remind students to draw force diagrams so they can get a visual 
representation of what they are doing. 

Part (b) was poorly done. Candidates did not recall that in the equation W Fd , the force 
needed to be found in the direction of the motion. 

In Part (c), candidates were required to know when to use 21
2

v u at or s ut at �  � .   If they 

set 0v   in v u at � , then they would get the time to reach the maximum height. Also, If 

they set 0s  in 21
2

s ut at � , then the non-zero value of  t is the time of flight. 

In conclusion, candidates need more independent practice in problem solving. 

Answers 

(a) (i) 0.517 (ii) 31.2 N 

 (c) (ii) 45  

(iii) a) 12250 m b) 49.5 s 
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Question 6 

This tested candidates‟ ability to calculate the 

x negative acceleration (deceleration) and substitute into an appropriate equation of 
motion to find the velocity 

x velocity immediately after impact using the law of conservation of momentum 
x kinetic energy 
x constant force acting on the object 
x braking force using F ma  and 2 2 2v u as � . 

In Part (a) (i), candidates incorrectly implemented the conservation of momentum.  Some did 
not negate the acceleration. 

For Part (a) (ii), candidates incorrectly substituted the given velocity 6 ms-1. 

In Part (b), many candidates used the velocity from Part (a) to find the change in kinetic 
energy instead of finding the final velocity using the equation v u at � t and using it to find 
the answer. 

In Part (c), some candidates used the braking force as 3850 N instead of 3150 N.  Some 
forgot to negate the acceleration.  The majority of candidates got an answer of 487 m as a 
result of applying integration. 

Answers 

(a) (i) Velocity = 3.464 ms-1   (ii) Velocity = 5.83 ms-1 

(b) (i) Change in kinetic energy = 3360 J  (ii) The force = 24 N 

(c)  Minimum length of the runway = 595 m 

 
Paper 031 – School-Based Assessment (SBA) 

 
 
Mathematical Applications 
 
Some students failed to identify the relevant variables as well as mathematical concepts to be 
used in the statement of task and did not clearly state the method(s) being used, or provide an 
adequate description of its use. 

 
In the section Mathematical Knowledge and Analysis, most students were able to 
successfully carry out simple mathematical processes and correctly interpret the resulting 
data.  
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The evaluation section was poorly done. Approximately 75 per cent of students failed to 
identify limitations and problems encountered during their study. Students were unable to 
articulate how to rectify the problems that were encountered during their study. 
 
On the other hand, students were able to obtain full marks in the communication of 
information section.  Many of them were able to articulate and present their findings in a 
logical manner, and in most cases, using proper grammar. 
 
Overall, teachers did a fairly good job in guiding students in topic selection, and in the 
modelling of various experiments.  However, attention must be paid to the assignment of 
marks in the rubric provided.  Teachers are reminded that fractional marks are not to be 

awarded to students. 

 
Allocation of Marks 

x Approximately 84 per cent of students were able to secure marks in the 41–60 range. 
x Approximately 60 per cent of all students sampled scored excellent grades in the SBA 

(51–60). 
x Approximately five per cent of students scored under 31 marks out of a possible 60 

marks. 
 

Areas of Concern 

x About 20 per cent of students ignored the stipulated format for the presentation of the 
project. 

x The statement of the task was not explicit enough in about 30 per cent of the projects. 

x Some students analysed the data before the data was even collected.  As a result, some 
tables were not clear, and many tables were presented without headings and without 
reasons for their use. 

x Some students presented more data than was needed for their analysis. 
 
Areas of Strength and Weakness 

Strengths 

x Construction of the truth table. 

x Construction of a logic gate. 

x Identifying a feasible region. 

x Producing a linear programming model. 

x Working with resolving forces vertically and horizontally. 
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Weaknesses 

x The majority of students did not write their answers to three significant figures. 

x Few students used diagrams for the mechanics questions. 

x Motion in two directions, for example, forces perpendicular to each other.  

x Using the law of conservation of momentum too early to solve the problem. 

x Too often students omitted to identify variables. 

x Plotting straight lines. 

x Not recognizing that they should use integer values: too many used decimal values 

x Too often students did not identify logic assignments, for example, p: it is hot 

 

Paper 032 – Alternative to School-Based Assessment 

The seven candidates doing this paper performed poorly.  Only one candidate performed 
well. Understanding of the basic concepts was weak. 

Module 1 

Question 1 

This question tested candidates' ability to  

x construct an activity network diagram 

x calculate earliest start time, latest start time and float time 

x identify the critical path in an activity network. 

Candidates failed to demonstrate any understanding and synthesis of the graphical 
representation of the project flow network and how to compute the values (earliest start time, 
latest start time, float time) needed to determine the critical path and minimum completion 
time. 



25 

�

Module 2 

Question 2 

This question tested candidates' ability to 

x solve problems involving probabilities of the normal distribution 

x calculate expected values 

x use the formula for a geometric distribution. 

Candidates demonstrated a lack of understanding of basic probability concepts.  Candidates 
had an idea of the need to standardize but were unable to correctly carry out the desired 
operation. 

Answers 

(a) (i)  0.252 (ii)  0.161 (iii)  80 

(b) 0.913 

(c) 0.36 

 

Module 3 

Question 3 

This question tested candidates' ability to  

x resolve forces, on particles, in mutually perpendicular directions 

x calculate and use displacement, velocity, acceleration and time in simple equations 

x apply Newton‟s laws of motion 

x apply rates of change for velocity and acceleration. 

Algebraic manipulation of the mechanics problem in Part (c), including the appropriate use of 
integration, was extremely weak. Generally, candidates failed to demonstrate a grasp of basic 
concepts in force, work and displacement. Most candidates used the incorrect function (sine) 
instead of the correct trigonometric function (cosine) when resolving the resulting force. 
Candidates mostly failed to identify the appropriate formula to use in computing for time in 
Part (b).  Candidates did not recognize the use of differentiation of the velocity to generate 
the equation to find the time. 
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Answers  

(a) W = 5280 J 

(b) t = 35.7 s 

(c) k = 0.1; a = 10 e-0.2s.   

Overall, the difficulty level of the questions was reasonable and appropriate for this level. 
The time provided for solutions was adequate. The conceptual grounding of the candidates 
(except one) attempting this paper was very weak.  



CARIBBEAN   EXAMINATIONS   COUNCIL

REPORT ON CANDIDATES’ WORK IN THE
CARIBBEAN ADVANCED PROFICIENCY EXAMINATION®

MAY/JUNE 2013

APPLIED MATHEMATICS

Copyright © 2013 Caribbean Examinations Council
St Michael Barbados
All rights reserved.



2

GENERAL COMMENTS

The revised Applied Mathematics syllabus was examined in 2013 for the fifth time. This is a two-unit
course comprising three papers.  Paper 01, consisting of 45 multiple choice questions, and Paper 02,
consisting of six essay questions were examined externally, while Paper 03 was examined internally
by class teachers and moderated by CXC.  Contributions from Papers 01, 02 and 031 to each unit
were 30 per cent, 50 per cent and 20 per cent respectively.

Unit 1, Statistical Analysis, tested (1) Collecting and Describing Data; (2) Managing Uncertainty and
(3) Analysing and Interpreting Data.

Unit 2, Mathematical Applications, tested (1) Discrete Mathematics; (2) Probability and Probability
Distributions; and (3) Particle Mechanics.

For Unit 1, 652 candidates wrote the 2013 paper and 12 wrote the Alternative to the Internal
Assessment paper, Paper 032.  For Unit 2, 313 candidates wrote the 2013 paper and 10 candidates
wrote the Alternative to the Internal Assessment Paper, Paper 032.

Generally, candidates are still having difficulty with (i) algebraic manipulations and (ii) problem
solving in the mechanics module.

DETAILED COMMENTS

UNIT 1

Paper 01ņMultiple Choice

Performance on the 45 multiple choice questions on this paper produced a mean of approximately
62.5 out of 90, standard deviation of 17.9, with scores ranging from 18 to 90.

Paper 02ņEssay

Module 1: Collecting and Describing Data

Question 1

This question tested candidates’ ability to

% identify whether variables were qualitative or quantitative
% distinguish between population, sample, census or sample survey
% use random sampling numbers provided in the statistical tables to obtain a random sample of

a given size.

Parts (a), (b) and (c) were done exceptionally well by most candidates. However, it was common for
candidates to also classify qualitative data as either discrete or continuous. Although the solutions
were provided in the exam script, spelling errors were common. Part (d) was fairly well done by most
candidates. However, several candidates were unable to express themselves clearly. This part required
that candidates provide two reasons why it may be necessary to conduct a sample survey rather than
use a census.

Similarly, for Part (e) (i), explanations provided by candidates were not clear. Most did not provide a
complete explanation of how to use the random table. Although a two-digit random number was
provided several explanations included a four-digit table or using the random table to assign numbers
which would then be drawn from a hat to select the sample of 15.
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Approximately half of the candidates scored full marks for Part (e) (iii). Many provided some parts of 
the process and generally failed to provide an appropriate range for assigning numbers or not 
indicating that the start position is a random point.

For Part (e) (i), any response that indicated that non-overlapping groups are required. Alternatives 
could include that the groups were not well defined, members of each group were not unique or that 
the groups were not mutually exclusive.

Question 2

This question tested candidates’ ability to

• determine the mode class, mean and standard deviation from a frequency distribution
• determine the median and interquartile range from a stem and leaf diagram.

For Part (a) (i), the majority of candidates performed exceptionally well. Some candidates obtained at 
least one mark for identifying the modal class but failed to identify the boundaries. Part (a) (ii) was 
poorly answered. Most candidates did not recognize that 67 was the midpoint of the interval and 
therefore needed to estimate the frequency by taking one-half of the total frequency for the interval. 
Many failed to add the frequency of the higher interval. The most common response was to take the 
sum of both intervals. Most candidates obtained at least one mark for identifying the total number of

— +2
students (20). The correct response to this part was: x 100 = 35 per cent.

Part (a) (iii) was answered correctly by approximately 60 per cent of the candidates. The most 
common error was taking the sum of the mid points and dividing by the number or intervals. In some 
cases, errors in calculations were observed. The correct response to this part was 65.65 inches.

Part (a) (iv) was poorly done as most candidates did not apply the formula correctly. The correct 
response was 2.593 inches.

Part (b) (i) was completed at a satisfactory level. A correct response would have been that all data 
values are retained. Acceptable alternatives included stating that the mode or range, are clearly visible 
or that the exact value of the mean and median can be calculated. Part (b) (ii) a) was correctly 
answered by nearly all candidates.

Because of the way the data values were distributed some candidates seemed to obtain the correct 
response but were in fact reading the wrong position of 13 rather than the required position of 13.5.

In Part (b) (ii), the majority of candidates knew they needed to subtract the two quartiles. However, 
most had problems calculating the exact values of both quartiles. Some candidates identified the

position using —+— and 3 (— + l) which did not provide correct quartiles due to a small sample size.

A few candidates found the semi-interquartile - range. Part (b) (ii) (d) required that candidates 
construct a box-and-whiskers diagram. It was evident that some candidates were not knowledgeable 
about this type of diagram they proceeded to construct dot plots or bar charts. Although the graph 
paper provided included the scale, some candidates developed an alternative scale while others used a 
different graph paper.

For Part (b) (ii) e), most candidates obtained the two marks allocated. The majority of candidates was 
able to identify that the distribution was skewed but they had problems determining whether the 
distribution was negatively or positively skewed.

—+2 

V *

n +1
2 4
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Question 3

This question tested candidates’ ability to

• calculate the probability of the intersection of two events, P and Q
• construct a V enn diagram
• solve probability problems.

Part (a) (i) was attempted by 98 per cent of the candidates with about 60 per cent giving a satisfactory 
response. Some candidates did not use the conditional probability but multiplied P R  by  P T , for 
example P R  ■ P T .

Approximately 97per cent of the candidates attempted Part (a) (ii) and responses were satisfactory.

Some candidates either identified the regions on the diagram without calculating the respective 
probabilities or they calculated the probabilities without identifying them on the Venn diagram.

Part (a) (iii) a) was attempted by approximately 95 per cent of the candidates with about 55 per cent of 
them successfully completing the question. Some candidates did not take into account that Q and T 
were independent.

Part (b) was also attempted by 98 per cent of the candidates, with only 40 per cent giving satisfactory 
responses.

Question 4

This question tested candidates’ ability to

• calculate the expected value, variance and probability from a probability distribution
• carry out calculations based on a probability density function.
• identify a binomial distribution and use it to calculate probabilities.

Parts (a) (i) and (ii) were generally well done. For Part (a) (ii) b), the most common mistake was that 
candidates neglected to square the mean before subtracting.

Part (b) (i) was attempted by approximately 90 per cent of the candidates with about 55 per cent
giving satisfactory responses. Some responses failed to acknowledge that the p.d.f. started at 1, hence 
the length of the rectangle was taken as k and not h -  1 . Some candidates used the integration 
method with some success.

For Part (b) (ii), most candidates gave a satisfactory response. Many candidates were able to arrive at 
the correct answer by simply subtracting -  from the total area of 1.

For Part (c) (i), some candidates failed to use the binomial distribution. Part (c) (ii) was attempted by 
almost every candidate with about 97 per cent giving satisfactory responses. Some candidates used 
the probability that was calculated from Part (c) (i) as the value of p.

In Part (c) (iii), most candidates correctly used the normal approximation to the binomial; however, 
many either neglected or incorrectly applied the continuity correction. Some candidates used the 
variance instead of the standard deviation when standardizing. Almost every candidate was able to 
correctly read off a value from the table, but a few continued to subtract this value from 1.

P B by  P T , for
example P R  ■ P T .
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Question 5

This question required candidates to

• state the distribution of the sample mean
• calculate the probability that the sample mean is greater than a given value
• calculate a 94 per cent confidence interval for the mean
• formulate a null hypothesis and an alternative hypothesis
• carry out a particular test at the 5 per cent level of significance

For Part (a) (i), most candidates were able to obtain two marks by identifying the distribution as 
normal and the mean as 35. However, many candidates failed to identify the variance correctly which
should have been Many candidates did not use the appropriate symbolic form in their statement.

In Part (a) (ii), most candidates were awarded five marks for correct calculation of 0.148. Some 
candidates were able to calculate the z-value but were unable to read the correct value from the table. 
Approximately 40 per cent of candidates did not use V8~in the formula and therefore lost a mark.

For Part (b) (i), the majority of candidates was able to calculate the correct confidence interval of 
3.894, 4.506. Many candidates used the limits for a 95 per cent confidence interval.

In Part (b) (ii), although many candidates were able to give the correct solution as 38 packages, others 
failed to recognize that the data given was discrete and apply this to the calculated value.

Part (c) (i) was well done with candidates providing acceptable responses, which included:

• normal distribution and small sample (n < 30) or unknown variance.

Part (c) (ii) was answered well by most candidates. However, the appropriate symbols were not 
always used. Although the question stated the use of symbols, some candidates provided the answer in
words. The correct responses were ^ _ ^  and ^ ^  < '

Part (c) (iii) posed challenges for most candidates. Several did not use the appropriate degree of 
freedom (8 -  1=7) .  Although they had the hypothesis correctly stated in the preceding sub-part, they 
proceeded to use a two-tailed test. Many candidates failed to state the conclusion in words relevant to 
the question and only stated it as 'accept' or 'reject'.

Question 6

This question tested the candidates’ ability to utilize regression analysis and chi-square analysis in 
solving problems.

In Part (a) (i), many candidates did not correctly interpret the value of 0.09 in the equation. Most 
candidates made reference to the gradient and y-intercept, but were unable to relate the information to 
the question and offer meaningful interpretations.

Part (a) (ii) and (iv) were well done.

For Part (b) (i), the majority of candidates was able to provide a favourable response. Parts b (ii) to 
(iv) were done fairly well.

For Part (b) (iii) b), most candidates were able to state or show the correct critical region. However, 
some candidates calculated an incorrect critical value for the chi-squared test; while others read the 
value from the table under the 5 per cent column, instead of the 95 per cent column.

In Part 6 (b) (iii) c) there were many variations of values due to rounding errors. In some cases, an 
incorrect formula or the incorrect usage of the formula was also applied.

100

" i - '

H o: M= 10 H  j: |J < 10
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Paper 031 – School-Based Assessment (SBA)

Approximately 80 per cent of candidates were able to score full marks for project title and purpose. If
they did lose marks, it was because they failed to clearly state the variables used in the study.
Candidates are reminded to be concise in the statement of purpose. In some cases the use of statistical
theory was limited by the candidates’ choice of topic. Candidates also displayed a lack of creativity in
topic selection.

Some candidates failed to secure the two marks allotted for data collection. In some cases the method
selected was not appropriate and often when appropriate, the candidate failed to adequately describe
their choice.  Most were able to describe the general method and select an appropriate method but
failed to describe its application adequately.

Data presentation and the use of statistical language, jargon and symbols were for the most part
satisfactory but candidates lost marks due to tables and charts being unlabeled and in some cases
ambiguous.

Most candidates demonstrated a fair statistical knowledge. Minor inaccuracies of statistical concepts
were identified and often overlooked by teachers. Teachers need to pay more attention to the
calculation of expected values for the Chi-squared distribution. In most cases there was a logical flow
of data and this was extended to the discussion.

In some cases, candidates failed to relate their findings to the purpose of the project, although all the
calculations would have been completed. In many cases, this section was too wordy.

Candidates need to be concise in their conclusion. The conclusion must also be clearly stated and
must be related to the purpose of the project.

Candidates must endeavor to use multiple references, but at the same time, when using websites as a
reference they must make an effort to follow the accepted convention in a consistent manner.
Candidates must also make an effort to select reliable websites.

Candidates’ choice of font style and size made it very difficult for reading. Candidates are urged to
follow conventional formatting used in academic papers.  (Times New Roman, font size 12, double
spacing, etc.)

Many of candidates sampled were able to performed, fairly well in the Unit 1 Internal Assessment.

Paper 3/2 – Alternative to the School Based Assessment

Question 1

This question tested candidates’ ability to

% State whether given statements involve the use of interviews or observations
% Construct frequency distribution from raw data
% Construct and use histograms to analyse data
% Outline the relative advantages and disadvantages of using frequency distribution in data

analysis
% Determine or calculate mode for grouped data.

Parts (a) (i) and (a) (ii) were fairly well done. Most candidates understood how to distinguish between
the usages of interviews and observations.

Parts (b) (i) and (b) (ii) were well done by most candidates.
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For Part (c), most candidates demonstrated a high level of competence in distinguishing between the 
usage of bar charts and histograms.

Part (d) (i) was generally well done. Part (d) (ii) posed the most difficulty for some candidates since 
they did not use any of the two methods which involved using the histogram or the formula for the

mode which is L + C.
A j + A 2

Answers

(a) (i) Interview ii) Observation
(b) (i) Be more specific about family. How many people live in your immediate household?
(ii) Define young, middle age, old using ranges < 35, 35—50 > 50
(c) (i) Bar chart ii) Histogram
(d) (i)

Range Frequency
10-19 7
20-29 9
30-39 13
40-49 10
50-59 7
60-69 4

(d) (ii) Individual data values are lost

(d) (iii) Reducing the amount of data 
Easier to see at a glance 
Clearer idea of distribution of the data

(d) (v) 35

Question 2

This question tested candidates’ ability to

• identify and use the concept of probability
• calculate simple probability without replacement using

- P = P(A) + P(B) -  P(A U B)

- Mutually exclusive events P ^

• state the assumptions made in modelling data by a binomial distribution
• identify and use the binomial distribution as a model of data where appropriate
• use the notation X ~ B (n,p) where n is the number of independent trails and p is the

probability of a successful outcome in each trial.
• calculate the probabilities P(X = a), P( X > a), P (X >a) or any combination of these where 

X ~ B (n,p)
• use the normal distribution as a model of data as appropriate
• determine probabilities from tabulated values of the standard normal distribution Z~N(0,1)
• solve problems involving probabilities of the normal distribution using z-scores.

gCAng)
i3i

L + - ^ - C .
A j + A 2

p  A n

P (AnB) =P(A) + P(B) -  P(A U B)

ii) Histogram

Z~N(0,1)
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All candidates answered Part (a) (i) correctly while for Part (a) (ii), some candidates were unable to 
write down the required probabilities needed to arrive at the correct solution.

For Part (b) (i), most candidates were able to give three assumptions made in modelling data by the 
binomial distribution. However some statements were not mathematically precise.

The majority of candidates was able to answer Part (b) (ii) question correctly.

Most candidates who attempted Part (c) were able to convert the values to z-scores, use the correct 
formula for 0  and read the table values correctly. However, some candidates were unable to simplify 
the 0  formula correctly while others gave the incorrect table values.

Answers

(a)(D |

(a) (ii) a) i

(a) ( i i ) b ) |

(b) i) Assumptions for binomial:

- n- distinct trials
- independent trials
- 2 outcomes for each trial
- Probability of success the same for each trial

(ii) a) 0.0318

(ii) b) 13.5 or 14

c) 0.7745 or 0.775

Question 3

This question tested candidates’ ability to

• calculate the confidence intervals for a population mean or proportion using a large sample 
(n >30) drawn from a population of known or unknown variance

• evaluate a ?-test statistic
• determine the appropriate number of degrees freedom for a given data set
• apply a hypothesis test for a population mean using a small sample () drawn from a normal

population of unknown variance.
• formulate a null hypothesis and an alternate hypothesis H
• apply a one-tailed or two-tailed test appropriately
• determine the critical values from tables for a given test and level of significance.
• identify the critical or rejection region for a given test and level of significance
• evaluate from sample data the test statistic for testing a population mean or proportion

Candidates’ scores ranged from 0-19 for this question, with less than 40 per cent of the candidates 
getting over 12 out of a total of 20 marks.

22
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9

For Part (a) (i), some candidates used the formula correctly; however; marks were lost for using the
incorrect confidence factor and not finding the square root of the sample size. In Part (a) (ii), most
candidates used E(x) = np correctly to find the expected value.

Part (b) (i) was well done. However, some candidates failed to state the hypotheses correctly and also
used the incorrect test , that is, they used a one-tailed test instead of two-tailed test. In Part (b) (ii),
some candidates did not know the criteria for using a t-test and therefore failed to use the t-test in this
question.

In Part (b) (iii), most candidates had the correct degree of freedom but failed to write the critical value
as a region t>2.365, t<-2.365.

Parts (b) (iv) and (v) were well done by most candidates.

Answers

(a) (i) 95 per cent confidence interval for U = (23.2, 24.8)
(ii) Expected value (54)

(b) (i) Hypothesis for the tailed test = H0: �=14, H1:� � 14
(ii) Correct test to use was the t-test

Reasons = Sample size is small and the variance of the population is unknown
(iii) Critical Region = -2.365 < t < 2.365
(iv) Calculated Value Tcal = 1.91 or 1.79
(v) Decision – Accept Ho since Tcal is in the acceptance region; that is

1.79 < 2.365 or 1.91 < 2.365

UNIT 2

Paper 01 – Multiple Choice

Performance on the 45 multiple-choice items on Paper 01 produced a mean of approximately 65.3 out
of 90, standard deviation of 17.93 and scores ranging from 22 to 90.

Paper 02 - Essay

Question 1

This question tested candidates’ ability to

% establish the truth value of the negation of simple propositions and compound propositions
that involve conjunctions, disjunctions and negations;

% use truth tables to determine whether a proposition is a tautology or contradiction and if
propositions are equivalent;

% use the laws of Boolean algebra to simplify Boolean expressions
% represent a switching circuit or logic circuit. Using a Boolean expression

This question was generally well done, with the majority of candidates obtaining 17 marks and over.
Parts (a) and (b) were attempted by all candidates with most candidates getting full marks. De
Morgan’s law was used incorrectly in Part (c) with candidates obtaining � � � instead of � � � .
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In Part (d), candidates forgot to assign statements to variables, that is, let p  represent it is hot and q 

represent it is sunny. Candidates who wrote equivalent propositions instead of statements lost a mark.

For Part (e) (i), most candidates obtained full marks, whilst Part (e) (ii) was poorly done. Most 
candidates were unable to simplify the expression using the Absorption law. Also, candidates were 
unable to differentiate between a switching circuit and logic gates. They must be reminded to identify 
the laws of Boolean algebra being used. Part (f) was generally well done. There were some 
candidates, however, who simplified the statements using De Morgan’s law and then drew the circuit 
using logic gates.

Answers

(a)

p Q p A q p v  q ~ ( p v q ) ( p  A q )  A ~ ( p  V q )

T T T T F F

T F F T F F

F T F T F F

F F F F T F

(b) ( p A q ) A ~ ( ; p V q ) is a contradiction since the final column of the truth table contains all

“F”s.

(c) ~ ( p v q )  =  ~ p A ~ q

(d) It is not raining or it is not sunny.

(e) (ii) p  A q A ( p  V r )  A ( q  V ( r  A p )  V s )  = p  A q .  The corresponding switching

Range of Marks Responses

NR 2
0-4 7

5-7 10
8-11 33

12-14 41
15-16 23

17-18 48
19-25 86

circuit is P q

(e) (ii) p  A q A ( p  V r )  A (tj V ( r  A p )  V 5 )  = p A q. The corresponding switching

(c) ~ ( p v q )  = ~ p A ~ q

(b) ( p A q ) A ~ ( p V q )

(d) It is not raining or it is not sunny.
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Question 2

This question tested candidates’ ability to:

• determine the degree of a vertex
• calculate the earliest, latest starting time and float time
• identify the critical path in an activity
• solve a minimization assignment problem by the Hungarian algorithm.

This question was well done with at least 60 per cent of the candidates obtaining a score between 19
and 25.

For Part (a) (i), many candidates were able to determine the earliest start time of S and X. A wide 
range of answers were given for the minimum completion time of the project in Part (a) (ii). Part (a) 
(iii) was well done as candidates were able to correctly work out the latest starting times for X and Q. 
In Part (iv), many candidates recognized that there was more than one critical path for the activity 
network. The majority of candidates were able to accurately calculate the float time of T in Part (v). A 
diagram or table indicating EST, LST and Float times would have assisted candidates in answering 
this question.

For Part (b), a variety of responses were received such as 45n, 60n, 360n. This indicated that some 
candidates did not understand the meaning of degree o f a vertex and also that the degree of a vertex 
has no units. Many of them did not realize that a loop has a degree of two.

Part (c) was generally well done. However, candidates failed to perform the final shading to indicate 
the end of the algorithm. Some candidates repeatedly found row and column minimums indicating 
that they did not know when to terminate the algorithm. Candidates used a variety of algorithms to get 
the answer with most obtaining the correct matching and the correct total minimum cost.

Answers:

(i) EST of S and X are 4 and 7 respectively.

(ii) 13 days

(iii) LST of X and Q are 7 and 0 respectively.

(iv) Start-Q-T-X-Finish, Start-R-T-X-Finish, Start-Q-S-X-Finish

(v) 0 (5-5)

(b) Degree of vertices A and B are 4 and 2 respectively

(c) (i) Wi -  S2, Wz -  & , m  -  S3, Hi -

(ii) $ 16.00

Range of Marks Responses
NR 1
0 -4 2
5 -7 3
8-11 14
12-14 19
15-16 21
17-18 26
19-25 127

Wj -  s2, W2 -  S i ,  W3 -  ,?3, W4 -  S4
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Question 3

The question tested candidates’ ability to

• calculate and use the expected values and variance of linear combinations of independent 
random variables

• calculateP (X = x) = q x-1p, w hereX = {1 ,2 ,  3....}
• use formula for E(X) and Var (X) where X follows a discrete uniform, binomial geometric or 

Poisson distribution
• solve problems involving probabilities of the normal distribution using z-scores.

For Parts (a) (i) and (ii), the majority of candidates scored full marks. They displayed a good 
understanding of the concepts and showed a high level of competency in solving the given problem.

In Part (a) (iii), candidates were asked to calculate the variance. Some candidates did not square the 
coefficient of the variance or use the ‘+’ sign in calculating variance, resulting in loss of marks.

For Part (b) (i), some candidates used the incorrect inequality sign for example. Candidates were 
asked to calculate P (X >3),  and seemed not to know what to do. Common errors were 1 -  P(X < 3) 
and P (X = 1), P(X = 2). Some candidates did not recognize that zero should be included in the latter 
if they are using the alternative method that is 1 -  P(X < 2) which include {0,1,2}.

In Part (b) (ii), candidates demonstrated mastery of content as full marks were awarded to the majority 
of candidates. In Part (b) (iii), candidates were asked to calculate P (X = 5). Some candidates used the 
incorrect formula for example, pqr and pqr-1, instead of q4p which is the correct formula.

In Part (c), very few candidates used the continuous correction method instead of the normal 
distribution. Candidates need to be taught when to use the continuity of correction method the Poisson 
method/normal distribution for approximation.

Answers

(a)( i) 12 (ii) -11 (iii) 48

(b)( i) |  (ii) 3 (iii) ^  or 0.658

(c)( i) 0.309 to 3dp (ii) 0.964 to 3 dp

Question 4

This question tested candidates’ ability to

• formulate and use the probability function f(x) -  P(X-  x)

• apply the formula P (X-x) — ——— x= 0,1,2,3,...

• use the Poisson distribution as an approximation to the binomial distribution
• apply the properties of the probability density function, f, of a continuous random variable:

i) F(x)> 0
+ 0 0

ii) „v f { $ ) d x = l

16
Z43

' Jf!

• use the Poisson distribution as an approximation to the binomial distribution
• apply the properties of the probability density function, f, of a continuous random variable:

i) F(x)> 0
+D0

ii) = l
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Parts (a) (i) and (ii) were well done by the majority of candidates. Some candidates used the incorrect 
inequality sign. Part (a) (iii) was poorly done by most candidates as many of them were unable to use 
the binomial formula correctly.

In Part (b), approximately 25 per cent of the candidates misinterpreted the question and used the 
binomial formula instead of the Poisson approximation.

Part (c) was well done by the majority of the candidates.

Answers
(a) (i) 0.184 (3 s.f) (ii) 0.567 (3 s.f) (iii) 0.285 (3 s.f)

(b) 0.677 (3 s.f)

(c) (i) k =  | (ii) t =  |

Question 5

This tested the candidate’s ability to

• resolve forces, on particles, in mutually perpendicular situations
• use the appropriate relationship F = j-tH or F < j-tK for two bodies in limiting equilibrium;
• solve problems involving concurrent forces in equilibrium;
• apply Newton’s Law of Motion
• apply wherever appropriate the following rates of change:

dx
i =W

d2x  dv dv
a dt2 dt V dx

• Formulate and solve first order differential equation as models of linear motion of a particle 
when the applied force is proportional to its displacement or its velocity.

This question was poorly done. Those who attempted it scored less than 12 marks.

In Part (a) (i), some candidates had difficulty interpreting the words and creating a diagram. The 
weight of the rod was incorrectly put at the end, the string was incorrectly drawn and the point R was 
placed incorrectly. Candidates also forgot the force at the hinge P. They did not draw the coplanar 
force diagram meeting at one point or in the form of a closed triangle (as if it was in equilibrium).
Candidates drew two forces with the correct angle between the two. In Part (a) (ii), only two
candidates used Lami’s theorem and a few used the moments method correctly.

In Part (b), most candidates drew the diagram correctly; however, the forces were added incorrectly 
and the resolution of the weight was also done incorrectly. Candidates did not use the resultant force 
to be ma and some even stated it was equal to zero. Some candidates attempted to use the work- 
energy theorem but did so incorrectly, stating potential energy plus initial kinetic energy minus final 
kinetic energy was equal to the work done. Also, those who stated that the work done equals change 
in kinetic energy eliminated the negative sign because they did not consider the fact that the final 
force was less than the initial force which implied deceleration.

dx
v = T t ’

d2x  dv dv
a dt2 dt V dx

q
(U)t = i(c) (i) k = |
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Part (c) was generally well done. Most candidates separated the variables and integrated, with a few 
reciprocating both sides and integrating with respect to x. A few candidates used definite integrals 
which eliminated the substitution to find the integration constant. Those who got this question wrong 
either integrated incorrectly or did find the constant of integration.

Part (c) (ii), was also well done with the majority of candidates substituting well. Some candidates 
made the mistake of using the initial velocity as opposed to the final velocity and some of them did 
not recognize that ^ 7  was the velocity. They used v = ii + at  with £ = ^ In

Answers:

(a) (ii) T = 20V2A/

Range of Marks Responses
NR 4
0 - 4 6 8

5 -7 50
8 - 1 1 57
12-14 25
15-16 15
17-18 17
19-25 1 2

Question 6

This question tested candidates’ knowledge of

• acceleration and tension relating to two particles corroded by a light inextensible string which 
passes over a pulley

• projectiles.

Most candidates attempted this question. However, it was poorly done. Less than 40 per cent of the 
candidates scored 12 marks or more out of a maximum of 25 marks.

Part (a) (i) was generally well done. For Part (a) (ii), most candidates substituted correctly in the 
formula and therefore gained marks. In Part (a) (iii), some candidates used the incorrect formula, 

d  1 j  V = -  or tf = v t  is used for constant velocity, instead of 5  = a t  + -  a t  . However, the substitution
for their answer from Part (a) (i) was done correctly for the most part.

For Part (b), candidates knew the equation impulse = change in momentum. However, they failed to 
realize that it was a vector quantity, hence when the ball bounced from the wall the sign would have 
changed.

Part (c) was poorly done as candidates had problems using the equations of motion to determine the 
equation of trajectory.

In Part (d), most candidates used the correct formula but it was noted that candidates had problems
. . . . 1 tfJIjC2converting the formula to have only one variable or ratio that is, y  = Jttan x  -  7 —̂ 7-  Also, to

form the equation into a quadratic and solve it was problematic for most candidates.

r _ 1 8*Z
2  V 2 J t '

10 
ID-fey

V = 11+ at

Question 6
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Answers
(a) (i) \ g  m s~2 (ii) N or 64.3 N (iii) 51.4 m
(b) 18Ns

(c) v = X tan a -  — —V '  J  2 V z L(35s a.

(d) a = 770 or 71°
Range of Marks Responses

NR 11
0 -4 40
5 -7 28

8-11 33
12-14 8

15-16 11
17-18 11
19-25 29

Paper 031 -  School-Based Assessment (SBA)

Mathematical Applications
Approximately 40 per cent of the candidates failed to identify the relevant variables as well as 
mathematical concepts to be used in the statement of task. Additionally, some candidates did not 
clearly state the method(s) being used, nor provided an adequate description of its use.
The section Mathematical Knowledge and Analysis, was fairly well done as candidates were able to 
successfully carry out simple mathematical processes and correctly interpret the resulting data.
The evaluation section was however poorly done. Candidates failed to identify limitations and 
problems encountered during their study. Some candidates were unable to articulate how to rectify the 
problems that were encountered during their study.
However, many candidates were able to obtain full marks in the communication of information 
section. Candidates were able to articulate and present their findings in a logical manner, and in most 
cases, using proper grammar.
Overall, it was evident that students were well guided in the selection of a topic, and in the modeling 
of various experiments.
General comments
1. Generally, candidates demonstrated a high degree of mastery in the mathematical principles

pertaining to the syllabus. In most cases, the mathematical analyses were relevant and carried 
out with few flaws.

2. There was evidence of originality and creativity.
3. Projects were appropriately applied to real world problems and situations.
4. Over ninety percent of the candidates were able to effectively communicate information in a

logical way using correct grammar and mathematical language.

( a )  ( i ) | g m s " 2

or -
2 v z L 0 3 s a

jgoT
X £
2 p i  L'
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Areas of Concern

1. Some candidates ignored the stipulated format for the presentation of the project.
2. The statement of the task was not explicit enough in some of the projects.
3. Some candidates analysed the data before the data was even collected. The result of this was 

tables that were not clear, and even some tables that were presented without heading and 
without reasons for their use.

4. Some candidates presented more data than was need for their analysis.

Areas of Strength and Weakness

Strengths

1. Originality and creativity.
2. Appropriately applied to real world problems and situations.
3. Effectively communicate information in a logical way using correct grammar and 

mathematical language.

Weaknesses

1. Vague titles.
2. Variables not mentioned or defined.
3. Table headings not stated.
4. Some discussions and conclusion not clearly related to the purpose.
5. References -  did not use a recognised format.

Paper 032 Alternative to the School Based Assessment 

Module 1

Question 1

This question tested candidates’ ability to

• derive and graph linear inequalities in two variables
• determine whether a selected trial point satisfied a given inequality
• determine the solution set that satisfies a set of linear inequalities
• determine the feasible region of a linear programming problem
• formulate, in symbols, compound propositions
• graph terminology: path

For Part (a), most of the candidates were able to derive and graph the linear inequalities in two 
variables. Fewer candidates were able to identify the feasible region. The majority of candidates was 
unable to use c = x  + 2y  to calculate the minimum value.

In Part (b), most candidates were able to recall the converse, contrapositive and the inverse.

Part (c), was particularly well done as most candidates understood the question and were able to give 
the correct solution.
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Answers

(a) (i) {(0,12),(3,0)}{(3,0)(0,21)}{(0,3)(9,0)} (ii) c  = 6.9 at (2.7, 2.1)
(b) (i) i  — '■ P (ii) ^  % = * " m  P  (iii) ^  P  = * '  ^  (l
(c) AC, ABC, ADC

Question 2

This question tested the candidates’ ability to:

• calculate the number of ordered arrangements of n objects taken r at a time, with or without 
restrictions

• calculate probabilities of events (which may be combined by unions of intersections) using 
appropriate counting techniques

• carry out a chi-square (>.^)goodness of fit test, with appropriate number of degrees of 
freedom

For Part (a), the majority of candidates was able to answer the question correctly. Part (b) was well 
done as the majority of candidates were able to score full marks.

For Part (c), the majority of the candidates was able to use binomial formula correctly to calculate the 
expected value.

Answers

a) I
b) h
c) i) 0.6

(ii) 52.2, 36.8, 9.8, 1.1, 0.1
H0: data fit binomial distribution with n= 4, p = 0.15
Hi: data do not fit binomial distribution with n= 4, p = 0.15
JC2test= 0669
since ,r2test < 3.841 accept H0 

Question 3

This question tested candidates’ ability to

• use vectors to represent forces
• calculate the resultant of two or more coplanar forces
• resolve forces on particles on incline planes
• calculate the work done by a constant force
• solve problems involving kinetic energy and gravitational potential energy
• apply the principle of conservation of energy
• solve problems involving power
• apply the work energy principle in solving problems

Parts (a) (i) and (a) (ii) were well done by most candidates. For Part (b), most of the candidates were 
able to recall the converse, contrapositive and the inverse.

7 !

2 !J_
71
i) 0.6
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Part (c) was answered very poorly, all candidates were unable to solve this question involving kinetic 
energy and gravitational potential energy. However, two candidates obtained full marks using another 
method which involved v 2 = a2 + 2a$ and F = ma.

Answers:

a) i) 6i+12j ii) Vl80

b) i) N v . F ii) 194N

Recommendations

• For the Hungarian algorithm, teachers should teach the different methods for solving the 
optimization problem.

• Teachers should teach students how to interpret the obtained results such as the regression 
coefficients.

• Students need to practise more worded problems in the Mechanics section. They do need to 
draw diagrams to assist them in problem solving.

• It would be good practice for students to use the APA style for writing references in the 
School-Based Assessment (SBA).

c) 295N

R

W
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GENERAL COMMENTS 

Applied Mathematics syllabus is a two-unit course comprising three papers.  Paper 01, consisting of 45 

multiple-choice questions and Paper 02, consisting of six essay questions were examined externally, 

while Paper 03 was examined internally by class teachers and moderated by CXC.  Contributions to 

candidates' final score from Papers 01, 02 and 03 to each unit were 30 per cent, 50 per cent and 20 per 

cent, respectively. 

 

Unit 1, Statistical Analysis, was tested in three modules: (1) Collecting and Describing Data, (2) 

Managing Uncertainty and (3) Analysing and Interpreting Data. 

 

Unit 2, Mathematical Applications, was tested in three modules: (1) Discrete Mathematics, (2) Probability 

and Distributions and (3) Particle Mechanics. 

 

Both units were tested in two papers: Paper 01, which consisted of 15 multiple-choice items from each 

module, and Paper 02, which had two questions from each module.  Candidates were also required to 

complete a project for school-based assessment (SBA) on each unit.  Candidates who did not do the SBA 

wrote an alternative Paper 032, consisting of three questions, one from each module. Each unit was tested 

at three cognitive levels - Conceptual knowledge, Algorithmic knowledge, and Reasoning.  Each question 

in the Paper 02s was worth 25 marks, while each in the Paper 032s was worth 20 marks. 

 

For Unit 1, 691 candidates wrote the 2014 examination and 14 wrote Paper 032, the Alternative to the 

School-Based Assessment (SBA).  For Unit 2, 321 candidates wrote the 2014 examination and 10 

candidates wrote the Paper 032, the SBA. 

 

 

DETAILED COMMENTS 

 

UNIT 1 

 

Paper 01 – Multiple Choice 

 

Performance on the 45 multiple-choice questions on this paper had a mean of approximately 60.28 and 

standard deviation of 16.30, with scores ranging from 16 to 90. 
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Paper 02 – Essay 

 

Module 1: Collecting and Describing Data 

 

Question 1  

 

The question tested candidates’ ability to: 

 Distinguish among the following sampling methods – simple random, stratified random and 

systematic random, and use these techniques to obtain a sample 

 Construct and use box-and-whisker plots and cumulative frequency curves (ogives) 

 Calculate the standard deviation of ungrouped data 

 

This question was generally well done with approximately 55 per cent of candidates scoring more than 16 

out of 25.   

 

Parts (a), (b), (c) and (d) were satisfactorily done, with approximately 78 per cent getting their marks from 

this section.  A few candidates confused the names of the sampling methods, or just did not know the 

names. 

 

Part (e) seemed to be a challenge for some candidates.  In Part (e) (i), some candidates forgot to multiply 

by 10,000 while others forgot to divide by 6.  Part (e) (ii) was poorly done.  The few candidates who 

attempted this part multiplied by 10,000 rather than .  Some also did not notice that the formula 

on the sheet is for grouped data. 

 

Part (f) was fairly well done, but some candidates were unable to transition between the cumulative 

frequency and the class frequency.  In Part f (ii), some found 60 per cent of 80 rather than 60 per cent of 

50.  Others found 60 per cent of 50 but did not interpolate to find the time.  The median was also a 

challenge. Candidates either found half of 80 or used a  formula. 

 

The box-and-whisker plot was primarily well handled.  Some candidates terminated the lower whiskers at 

ten rather than zero. Inaccurate calculations of the quartiles caused the ‘box’ to be incorrect though it was 

evident that they knew how to construct the diagram. 

 

Solutions:  

(a) (i)  employees in the children clothing department 

(ii) accessories made an average of $30 000 

(b) (i)   simple random;     (ii)  systematic;     (iii)  stratified 

(c)        method in (b) iii – stratified 

(d)        2 

(e) (i)  $81 666.67;   (ii) $421.96  $422.00 

(f) (i)   34;   (ii)  53 minutes;    (iii)  Median = 50 minutes 
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Question 2  

 

This question tested candidates’ ability to: 

 Determine the class size and class boundary of the distribution. 

 State the disadvantages of presenting data in a grouped frequency distribution. 

 Determine the mean, variance and standard deviation of a grouped data. 

 Draw a histogram and estimate the mode within the modal class. 

 

For Part (a) (i), most candidates were able to identify the class and the boundaries.  In Part (a) (ii), the 

majority of candidates knew that they had to subtract the two boundaries to obtain the class width.  For 

Part (iii), the majority of candidates was able to explain the disadvantage.  However, approximately 10 

per cent of the candidates stated the advantage. 

 

For Part (b), the majority of candidates was able to perform the various calculations to obtain the mean, 

variance and the standard deviation.  Many of the candidates were able to use the two formulas that were 

suggested in the formula sheet.  However, 10 per cent of the candidates chose to use other formulas such 

as the coded method and other variations of the ones given on the formula sheet, for 

example, ; . 

Approximately 10 per cent of candidates treated the data as if it were a sample, and used  to 

respond to the question. 

 

In Part (c), most candidates were able to draw the graph accurately.  Several candidates did not use the 

graph sheet provided, which made the question difficult as they then had to find the correct scales.   

  

In Part (d) (i), approximately 50 per cent of the candidates were able to estimate the mode using the 

histogram.  Some candidates used the interpolation formula. Many candidates were able to identify the 

class but were unable to calculate the mode. 

 

For Part (d) (ii), the majority of candidates was able to arrive at six for the number of consultations.  

However, approximately 40 per cent of the candidates were unable to get the correct solution. 

 

Solutions:  

(a) (i)  29.5, 39.5      (ii)  10        (iii)   Data values are lost, further statistics must be estimated. 

(b) (i)  32.9 min.       (ii)  77.4     (iii)  8.8 

(c)       histogram 

(d) (i)  mode = 33.5   (ii)  6    
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Module 2:  Managing Uncertainty 

 

Question 3  

 

This question tested candidates’ ability to: 

 Calculate the probability of events A, P (A), as the number of outcomes of A divided by the 

number of possible outcomes. 

 Use the property that , where  is the probability that A does not occur. 

 Calculate the . 

 Calculate the conditional probability  where  is the probability that A 

will occur given that B has already occurred. 

 Identify independent and mutually exclusive events. 

 Construct and use tree diagrams. 

 Use the probability  where A and B are 

independent events. 

 

Part (a) (i) tested candidates’ ability to complete the tree diagram.  The question was well done.  One 

common mistake made was in candidates writing 1 per cent and 2 per cent as 0.1 and 0.2 resulting in 

incorrect probabilities on the branches.  Another common mistake was candidates adding probabilities 

along branches rather than multiplying.  The majority of candidates did Part (a) (ii) correctly.  The main 

mistake occurred with the placement of the decimal point. 

 

For Part (a) (iii), most candidates recognized that they had to sum the defective probability from each 

machine.  In Part (a) (iv), the majority of candidates recognized that it was a conditional probability.  

However, in most cases, they used the wrong event in the denominator or used the union rather than the 

intersection in the numerator.  In addition, few candidates calculated P (defective) for the numerator.  Part 

(a) (v) was very poorly done. Some candidates attempted to use the Binomial distribution, but this was 

not necessary to find a solution.  Some other candidates recognized that exactly one means that the first 

was defective and the second was not defective, but they did not switch to say that the first was not 

defective and the second was defective.  

 

Part (b) (i) was generally well answered.  However, candidates had problems using algebra to simplify the 

expression and solve the equation.  For Part (b) (ii), most candidates recognized it was a conditional 

probability and answered the question correctly.  A few candidates used P (N) in the denominator instead 

of P (M).  Part (b) (iii) was poorly done.  Very few candidates constructed a Venn diagram to answer this 

question, but those who did, answered the question well. 

 

For Part (c) (i), the majority of candidates correctly identified the events were not mutually exclusive; 

however, the explanation offered was inadequate.  Many candidates confused mutually exclusive and 

independent events when offering their explanations. In Part (c) (ii), candidates appeared to be guessing 

and very seldom offered a mathematically sound explanation for the lack of independence. 
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Solutions: 

(a) (i)   0.4, 0.02, 0.98, 0.01, 0.99 

(ii)  0.012 (iii) 0.016 (iv) 0.75 (v) 0.0315 

      (b)     (i)  0.45 (ii)  0.33 (iii)  0.4 

(c) (i)   Not mutually exclusive since  

(ii)  Not independent since       

 

 

Question 4 

 

This question tested candidates’ ability to: 

 Identify the conditions of the binomial distribution and use it to calculate probabilities. 

 Calculate the expected value, standard deviation and probability from a binomial distribution. 

 Use the notation X ~ Bin (n, p) where n is the number of independent trials and p is the 

probability of a successful outcome in each trial. 

 Calculate the probabilities P(X = a), P(X > a), P(X < a), P(X ≤ a), P(X ≥ a), or any combination 

of these where X ~ Bin(n, p). 

 Use the normal distribution as a model of data, as appropriate. 

 Determine probabilities from tabulated values of the standard normal distribution. 

 Solve problems Z~N(0,1)involving probabilities of normal distribution using Z scores. 

 Use normal distribution as an approximation to the binomial distribution where appropriate (np > 

5, npq> 5) and apply a continuity correction. 

  

Part (a) was generally well done by most candidates. 

 

In Part (b) (i), most candidates knew the formula for the binomial expansion, however approximately 15 

per cent of the candidates used it incorrectly. Candidates used the correct values for p and q but with the 

incorrect exponents, for example,  P(X=3) = 12C3 p
9q3instead of P(X=3) = 12C3 p

3q9. 

 

For Part (b) (ii), the majority of the candidates misinterpreted P(X ≥ 2), for example,  

1 - P(X=0) + P(X=1) + P(X=2) instead of 1 - P(X=0) + P(X=1). 

 

A small number of candidates used the alternative method, that is, P(X=2) + P(X=3) +… + P(X=12) but 

they approximated each probability too early and this resulted in their answers being either truncated or 

greater than 1. 

 

In Part (c) (i), most candidates observed that it was a normal distribution but some failed to standardize 

correctly. Other candidates standardized correctly and obtained the correct table value however did not 

subtract the table value from 1 to give the region specified. Some candidates also failed to obtain the 

correct table value. 

 

Approximately 98 per cent of the candidates attempted Part (d) (i), which was well done.  Part (d) (ii), 

was also well done as most candidates scored full marks. The minority, however, found the variance 
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(npq) but failed to find its square root while others used an incorrect standard deviation formula. A few 

candidates used the correct formula but took the product of np and their n value in npq. 

 

For example:  np = 200 x 0.82 = 164 

   npq = 164 x 0.82 x 0.18  

 

instead of :  np = 200 x 0.82 = 164 

npq = 164 x 0.18  

 

In Part (d) (ii), most candidates did not apply the continuity correction. They also used the standard error 

instead of the standard deviation when standardizing. A few candidates did not correctly read the tables to 

obtain the probabilities. Some candidates also subtracted their table value from 1 which was incorrect 

based on the required region. 

 

Solutions: 

(a) independent trials; finite number of trials;  probability of success same for each trial;  two outcomes   

only for each trial.  (Any three correctly stated) 

(b) (i) 0.012      (ii) (0.99968) 

(c) 0.0668 

(d) (i) 164 (ii)  (iii) 0.9732 

 

 

Module 3:  Analysing and Interpreting Data 

 

Question 5 

 

This question tested candidates’ ability to: 

 Calculate unbiased estimates for the population mean, proportion or variance. 

 Calculate confidence intervals for a population mean or proportion using a large sample (n  30) 

drawn from a population of known or unknown variance. 

 Formulate a null hypothesis H0 and an alternative hypothesis H1. 

 Apply a one-tailed test or a two-tailed test, appropriately. 

 Relate the level of significance to the probability of rejecting H0 given that H0 is true. 

 Determine the critical value from tables for a given test and level of significance. 

 Identify the critical or rejection region for a given test and level of significance. 

 Evaluate from sample data the test statistic for a given test and level of significance. 

 Evaluate a t-test statistic. 

 Determine the appropriate number of degrees of freedom for a given data set. 

 Determine probabilities from t-distribution tables. 

 Apply a hypothesis test for a population mean using a small sample (n ) drawn from a 

normal population of unknown variance. 

 

Part (a) (i) a) was well done with most candidates producing the correct response of 7.42 minutes. 
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For Part (a) (i) b), many candidates found the variance of the set of data as opposed to the unbiased 

estimator for variance. Several different variations for the formula were used, however only approx. 55 

per cent of the responses yielded the correct answer. 

 

In Part (a) (ii) a), most candidates understood the concept of the null and alternative hypothesis. However, 

many neglected to state the answer using statistical symbols. Additionally, some candidates used  

as opposed to µ, while others stated the incorrect inequalities for the hypotheses. 

 

Part (a) (ii) b) was not done well by most candidates. Most candidates did not realize that a t-test was 

required. Even those who correctly calculated the degrees of freedom went on to use the wrong 

distribution. 

      

For Part (a) (ii) c), most of the candidates understood how to calculate the value of the test statistic. 

However, some confused the order of the numerator, using  (7- 7.42), or used  as the denominator, 

neglecting to use  . 

 

For Part (a) (ii) d), most candidates were able to come to the correct conclusions based on their solutions 

from Parts (a) (ii) b) and c).  Some candidates, even though they came to the correct conclusion, neglected 

to also state the decision (fail to reject H0). 

    

Part (a) (ii) e) was generally well done with approximately 87 per cent of the candidates stating the 

correct assumption of the distribution being normal, which was already stated in the question itself. 

 

Part (b) was generally poorly done. Only approximately 20 per cent of the candidates were able to achieve 

full marks for the question. Most candidates did not treat the question as a confidence interval for 

proportions. However, most candidates did correctly state the correct Z value of 1.96. 

 

Solutions: 

5    (a) (i) a)   7.42mins            b) 9.54 

           (ii) a)  Ho : = 7   H1 :     

    b)  t ˃ 1.796 

          c)  ttest  = 0.471 

         d) Accept Ho , mean = 7 

      e) the distribution is normal 

5   (b)      (0.217, 0.475) 
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Question 6 

 

This question tested candidates’ ability to: 

 Utilize regression analysis to solve application problems. 

 Use chi-square analysis in problem solving. 

 Develop null and alternative hypothesis test. 

 Interpret the chi-square value as it relates to the null or alternative hypothesis. 

 Calculate the product-moment correlation coefficient ‘r’ and interpret the ‘r’. 

 Calculate the expected frequency. 

 

In Part (a) (i), most candidates were able to develop the correct null and alternative hypotheses and for 

Part (a) (ii), the majority of candidates was able to calculate the degrees of freedom correctly.  Some of 

the candidates who attempted Part (a) (iii) had problems reading the  values from the table. Many 

candidates used diagrams to represent their critical region correctly.  Part (a) (iv) was well done.  Some 

candidates struggled to write a clear conclusion. However, those who did, wrote excellent conclusions.  

 

For Part b) (i), most candidates were able to calculate the regression equation correctly.  For Part (b) (iii), 

many of the candidates struggled to interpret “b” in the regression equation as it relates to the given 

information. Candidates wrote that “b” is the gradient of the regression line y=7.58 + 0.59x. 

Approximately 25 per cent of the candidates were able to interpret the “b” value correctly.  Part (b) (iv) 

was well done by most candidates however, some candidates had a problem interpreting the “r” value. 

Almost 95 per cent of the candidates were able to calculate a value for “r” correctly, but only 60 per cent 

were able to explain that “r” was a moderate and positive correlation. 

 

Many candidates only stated that it was a positive correlation.  

 

 

Solutions:- 

(a)  (i)  Ho : there is no association between predicted grade and actual grade 

    H1 : there is an association between predicted grade and actual grade 

             (ii)  (a) degrees of freedom 4       (b) critical region  > 9.488 

             (iii)   23.0 (3 significant figures) 

 (iv)  since χ 2 = 9.1625 < 9.488, do not reject Ho 

       There is no association between the predicted grade and actual grade. 

 

(b) (i)  a = 7.56,  y= 7.56 + 0.587x 

(ii)  29.3 

(iii)  an increase of 1 mark on the aptitude test will give an increase of 0.587 on the 

productivity score. 

(iv) r = 0.442;  there is moderate to weak and positive correlation between the mark on the 

aptitude test and the productivity score. 
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Paper 032 – Alternative to the School-Based Assessment (SBA) 

 

Module 1:  Collecting and Describing Data 

 

Question 1 

 

This question tested candidates’ ability to:   

 Distinguish between a population and a sample, a census and a sample survey, a parameter and a 

statistic. 

 Distinguish between random and non-random samples. 

 Identify sampling methods. 

 Outline advantages and disadvantages of sampling methods.   

 

Most candidates had an idea of how to respond to Parts (a) (i) and (ii). However, in Part (a) (i), some 

candidates referred to a social population rather than a statistical population. Generally, candidates were 

unable to distinguish between a parameter and a statistic as required in Part (a) (iii). Candidates did not 

understand Part (a) (iv). 

 

Part (b) (i) was poorly attempted. Although most candidates attempted Parts (b) (ii) most failed to 

describe the entire process. Several students used a raffle method rather than simple random. 

 

Part (c) (i) was generally well done.  Parts (c) (ii) and (iii) were relatively well done. However, in finding 

the mean, several candidates used a total of seven rather than 100. The median was poorly done with most 

candidates failing to take into consideration the given frequencies. Part (c) (v) was done correctly by most 

candidates. 

 

Solutions: 

(a) (i) – (iv) definitions of terms 

(b) (i)  classes not unique / overlap / students can be in more than one class 

     (ii)  Assign a two-digit number, starting at 00, to each student. 

  Start at a random point on the table, read, in a stated direction, 2-digit    

  numbers. 

  Note numbers belonging to students until 20 valid values are obtained. 

(c) (i) 100         (ii) 221   (iii) 2.21       (iv)   2      (v)  positively skewed 
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Module 2: Managing Uncertainty 

 

Question 2 

 

This question tested candidates’ ability to: 

 

 Use basic concepts of probability. 

 Define mutually exclusive events. 

 Calculate conditional probabilities. 

 Identify and use the Binomial distribution. 

 Use the normal distribution to calculate probabilities. 

 

Although most candidates attempted Part (a), only a few got full marks. Some of the outcomes were not 

presented by candidates in Part (a) (i) and probabilities were not calculated accurately in Parts (a) (ii) and 

(iii). 

 

Part (b) was well done by most candidates. However, most candidates were unable to correctly use the 

tables for more than two decimal points. 

 

Parts (c) (i) and (ii) were generally well done. 

 

Solutions: 

(a) (i) BBB, BBR, BRB, RBB, BRR, RBR, BRR, RRR 

      (ii)  0.315      (iii) 0.813 

(b)  0.0694 

(c) (i) 0.237       (ii) 42 

 

 

Module 3:  Analysing and Interpreting Data 

 

Question 3 

 

This question tested candidates' ability to: 

 Use the central limit theorem. 

 Calculate confidence interval for a proportion from a large sample. 

 Give practical interpretation of regression coefficients. 

 Make estimates using the regression line. 

 

For Parts (a) (i) to (iv), a few candidates used the proportion. Most candidates had an idea of what a 

confidence interval should look like and the corresponding z-value for CI of 95 per cent. However, 

substitution for the required proportion was poorly done indicating unfamiliarity with this type of 

question. 
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For Part (b) (i), many candidates failed to provide a complete solution with all of the components. The 

other two sections were generally well done. Candidates did demonstrate weakness in correctly using the 

tables for more than two decimal points. 

 

For Part (c), candidates failed to interpret correctly the values with respect to the problem. Most 

candidates only used the terms gradient and intercept. 

  

Solutions: 

(a)  (0.195, 0.302) 

(b) (i)  ~ .   (ii)   (iii) 0.0152 

(c) (i) The life of the machine when it is new or at time zero. 

(ii) For every unit increase in speed that the machine works, its life is reduced by       

0.08 hours. 

    (iii) 3.4 hours 

 

 

 

 

Paper 031 – School-Based Assessment (SBA) 

 

The general presentation and standard of the samples submitted were satisfactory. Students selected topics 

that were generally suitable for their level, and were appropriate to the objectives of the syllabus. There 

were a few students who used techniques that went beyond the level expected. 

 

Generally, the sizes of the samples submitted were adequate and marks were entered correctly onto the 

moderation forms. 

 

Project Title 

 

Approximately 30 per cent of the titles in the samples submitted were too vague. For instance titles like, 

‘Free Throws’ or ‘Multiple Choice Test’ are too vague. Some students simply stated a mathematics topic 

such as ‘Critical Path Analysis’ or ‘Linear Programming’ for their title. Students should endeavour to 

relate their title to some real life situation. It is imperative that teachers explain this a bit more to students. 

 

Purpose of Project 

 

Variables were not clearly defined in many cases and in some cases, no variables were identified. 

 

Method of data collection 

 

Although this section was well done, students must describe how they collected the data and state which 

sampling technique is being used. 

 



13 
 

Presentation of Data 

 

In this section, some of the diagrams and charts presented by students were unrelated to the purpose. 

Nonetheless, many students demonstrated mastery in the construction of histograms, pie charts, stem and 

leaf and box plots. Too many students presented long tables of data in this section. Students are reminded 

to append these at the end of the project in the appendix.  In general, the presentation of data was well 

done. 

 

Statistical Knowledge/Analysis of Data 

 

The majority of students demonstrated a good grasp of statistical concepts in the syllabus and scored well 

in this area. However, a sizable minority of students did many calculations but gave no explanation for 

them. Some fundamental things about the chi-square test were of some concern: 

 Using 2 x 2 contingency table without applying the Yates correction. 

 Not merging cells with frequencies less than 5. 

 

Discussion of Finding/Conclusion 

 

This section was in many cases too verbose and much of it was irrelevant to the purpose of the project.  A 

few students did not relate the findings to the purpose of the project. 

 

Communication of Information 

 

Only a small minority of students lost marks in this section. Students are reminded to proof read their 

projects before submission. 

 

List of References 

 

Most students were able to score well for this section but usually just one reference was given. Students 

should endeavour to use multiple references preferably using the APA style. 
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UNIT 2 

 

Paper 01 – Multiple Choice 

 

Performance on the 45 multiple-choice items on Paper 01 produced a mean of approximately 63.61 out of 

90, standard deviation of 16.51 and scores ranging from     to 90. 

 

 

 

Paper 02 – Essay 

 

Module 1:  Discrete Mathematics 

 

Question 1 

 

This question tested candidates' ability to: 

 Determine the converse, inverse and contrapositive of a preposition. 

 Establish the truth values of the converse, inverse and contrapositive of a preposition. 

 Determine whether a preposition is a tautology or a contradiction. 

 Construct the truth table values of compound prepositions that involve conjunctions, disjunctions 

and negations. 

 Determine the truth values of conditional prepositions. 

 Derive a Boolean expression from a given switching or logic circuit. 

 Represent a Boolean expression by a switching or logic circuit. 

 Use the laws of Boolean algebra to simplify Boolean expressions. 

 

In Part (a), some candidates had difficulty in distinguishing between the contrapositive and the inverse. 

For Part (b), the majority of candidates demonstrated competence in constructing a truth table but most 

candidates had difficulty formulating the inverse. Additionally, a significant minority of candidates were 

unable to provide the correct number of permutations of inputs to properly evaluate the outputs. 

For Part (c), most candidates were able to generate the correct outputs and identify and justify the output 

as a tautology. However, some candidates were unable to provide the correct number of permutations of 

inputs to properly evaluate the outputs.  

Generally, candidates did Part (d) well. However, rather than being consistent with their use of notation, a 

number of candidates used combinations of alternative Boolean operator notations, for example, 

 

For Part (e), candidates were able to adequately answer the question, with the vast majority demonstrating 

a very good knowledge of the distributive law. However, many candidates were unable to represent B and 

C in parallel to A. Additionally, some candidates produced logic circuits instead of switching circuits. 
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Solutions: 

(a)  

(b)  

 

 

 

(c) (i) 

 

 

 

 

 

 

 (ii) Tautology because all the truth vales are true. 

(d)  

(e) (i)    a 

       

     b  c 

 (ii)  

 

Question 2 

 

This question tested candidates' ability to: 

 Use the activity network algorithm to draw a network diagram to model a real world problem. 

 Calculate the earliest start time, latest start time and float time. 

 Identify the critical path in an activity network. 

 Derive a Boolean expression from a given switching or logic circuit. 

 Establish the truth value of compound prepositions that involve conjunctions, disjunctions and 

negations. 

 

p q 
  

T T F T 

T F F T 

F T T T 

F F T F 

p q r 
  

(  

T T T T T T 

T T F T F T 

T F T F T T 

T F F F T T 

F T T T T T 

F T F T F T 

F F T T T T 

F T F T T T 
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Overall, the question was very well done with over 90 per cent of candidates obtaining a score between 

16 and 25 and almost 40 per cent obtaining a perfect score. 

Part (a) (i) was relatively well done by candidates. However there were too many variations in the 

methodology used to construct the activity networks. The syllabus (Specific Objective (c) 4.) states that 

"activities will be represented by vertices and the duration of activities by edges". 

For Part (a) (ii), most candidates successfully calculated the earliest start times, latest start times and float 

times from their diagrams. 

Part (a) (iii) was very well done, with the majority of candidates identifying critical paths. However, 

many candidates placed simultaneous events on a single critical path, for example, start-A-D-E-F-G-H-

finish, instead of start-A-D-E-F-H-finish and start-A-D-E-G-H-finish. 

Part (b) was generally very well done, although a few candidates confused the symbols for disjunction 

and conjunction.  

Solutions: 

(a) (i)  

 

(ii)  

 

 

 

 

 

 

(iii) Start A D E G H Finish 

Activity EST LST FLOAT 

A 0 0 0 

B 6 16 10 

C 6 13 7 

D 6 6 0 

E 9 9 0 

F 12 12 0 

G 12 12 0 

H 21 21 0 
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 Start A D E F H Finish  

(b) (i)  

 (ii)  

 

 

 

 

 

Module 2:  Statistical Analysis 

 

Question 3 

 

This question tested candidates’ ability to: 

 Calculate the number of selections of n distinct objects taken r at a time. 

 Calculate a number ordered arrangements with restrictions. 

 Calculate probabilities of events using appropriate counting techniques. 

 Calculate probabilities associated with conditional, independent or mutually exclusive events. 

 

For Part (a), most candidates obtained the desired probability using . 

Marks were lost where candidates treated the events as being mutually exclusive. 

 

For Part (b), candidates who used combinations generally obtained full marks while those using the 

fractional probability method usually did not recognize that there were three ways to get the solution and 

so did not multiply by three in Part (a) and similarly by six in Part (b). Many candidates failed to 

recognize that sampling was without replacement and solved these items as with replacement. 

 

For Part (c), most candidates recognized that the conditional probability was required but the accuracy of 

calculations was weak. Fewer candidates used the combinations method in this part of the question. 

Similarly, many candidates failed to recognize sampling without replacement. 

 

For Part (b) (ii), where full marks were not received in this item, candidates obtained partial credit for 

either obtaining part of the numerator or the denominator correct. 

 

Few candidates achieved more than three marks for this item with many candidates being able to draw the 

diagram but unable to use the probabilities. The product  of five and four factorial was seen more often 

than the two factorials and recognizing that having two directions required multiplying the probability by 

two. 

 

 

 

p q 
   

T T F T T 

T F T T T 

F T F F F 

F F T T F 
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Solutions: 

(a)  0.34 

(b) (i)   a) 0.0975     b) 0.0887   

(c)  (i) 0.0702       (ii) 0.0542   (iii) 11520 

 

 

Question 4 

 

This question tested candidates’ ability to: 

 Calculate and use the expected value and variance of linear combinations of independent random 

variables. 

 Model practical situations using a Poisson distribution. 

 Solve probability problems involving the normal distribution. 

 

Part (c) (i) was not marked since the paper had a print error that rendered the problem unsolvable. The 

item should have read  and not . Where attempted, the majority of 

candidates did well. 

 

For Parts (a) (i) and (ii), the majority of candidates scored at least three of the six marks. Several 

candidates used the Binomial distribution rather than the Poisson distribution. 

 

For Part (b) (i), most candidates attempted to use the correct formula; however, some had difficulty 

getting the denominator correct. Nearly all candidates were able to read the table correctly but failed to 

interpret its use correctly (needing to subtract from one). 

 

Part (b) (ii) was poorly done. Most candidates were unable to correctly manipulate the table value for the 

negative z-value. 

 

Part (c) was done exceptionally well by most candidates. They were aware of how to evaluate the 

expected values and variances and in a few cases, after calculating the correct expected value, proceeded 

to further divide by ten. 

 

For Part (c) (iii) a), the majority of candidates correctly interpreted  and correctly substituted 

their values to evaluate the expression. 

 

Most candidates who attempted Part (c) (iii) b) failed to change the subtraction to addition. A few 

candidates failed to take the square of the coefficients. 
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Solutions: 

(a) (i)   0.168       (ii)  0.9999 = 1 (3 s.f.) 

(b) (i)  0.271       (ii)  0.322 

(c) (i)  Ignored due to printed error  

     (ii) (a) 1.3  (b) 0.61   (c)  2.05     (d) 1.75 

     (iii)  (a) -0.2   (b) 12.49 

 

 

Module 3:  Particle Mechanics 

 

Question 5 

 

This question tested candidates’ ability to: 

 Distinguish between displacement and distance, velocity and speed. 

 Draw and use a displacement time graph. 

 Identify forces acting on a body in a given situation. 

 Solve problems involving concurrent forces in equilibrium. 

In Part (a), most candidates drew the graph accurately using appropriate scales. Some candidates got 

confused with distance vs displacement and velocity vs speed  

In Part (a) (ii) c), candidates confused displacement = 0 for velocity = 0, that is, the velocity = 0 when the 

gradient of the displacement time graph is zero. 

Part (b) was very poorly done. For Part (b) (i), candidates did not recognize that S was the resultant of the 

frictional and normal forces, thus this caused some confusion in the remainder of the question. In         

Part (b) (ii), candidates resolved vertically and horizontally but did not do so properly. The knowledge of 

trigonometry was not sufficient for this question.  An alternative approach (Lami's theorem) would have 

simplified the question but this was not used by candidates. No candidate got full marks.  Part (b) (iii) was 

poorly done. 

Solutions: 

(a) (i) 
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(ii) a)  b) c)  

 

(c) (i)     

       S      P 

             

      

 

       

(ii)    (iii)  

 

Question 6 

 

This question tested candidates’ ability to: 

 Formulate the equation of trajectory of a projectile. 

 Use the equations of motion for a projectile to determine the angle of projection and time of 

flight. 

 Formulate and solve first order differential equations as models of linear motion of a particle. 

 

Part (a) was well done. Candidates generally were able to derive the equation of the trajectory.  However, 

many candidates simply stated the trajectory rather than deriving it as asked in the question.  Probably 

candidates did not understand the meaning of the word ‘formulate’. 

Part (b) (i) was poorly done.  Candidates used the value of  instead of   and hence were unable 

to achieve the required equation. Although Part (b) (ii) was generally well done, many candidates chose to 

input values into their calculator instead of using the quadratic formula and showing appropriate steps. 

 

In Part (b) (iii), some candidates used the simple formula d = , instead of x =  and then 

proceeded to find t.  Many candidates also did not approximate their value t to the nearest second. 

 

In Part (c), many candidates assumed that the acceleration was constant and therefore used the incorrect 

formula.  Candidates also integrated incorrectly by ignoring the constant of integration which led to 

obtaining the incorrect answer. 
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Very few candidates did Part (d) well.  Resolution of forces was poorly done.  Constant acceleration/force 

was incorrectly assumed.  Many candidates also failed to calculate . 

 

Solutions: 

(a)       (b)  (ii)  or      (iii)      (c)  

(d)  

 

 

Paper 032 – Alternative to the School-Based Assessment (SBA) 

  

Discrete Maths  

 

Question 1 

 

This question tested candidates’ ability to: 

 Formulate simple propositions. 

 Negate simple propositions. 

 Construct compound propositions. 

 Establish truth values of simple propositions. 

 Compound propositions that involve conjunctions, disjunctions and negations. 

 Represent a Boolean expression by a switching or logic circuit. 

 Convert a maximization problem into a  minimization problem. 

 Solve a minimization assignment problem by the Hungarian Algorithm. 

 Identify vertices and sequence of edges that make up a path. 

 Determine the degree of a vertex. 

 

Part (a) was generally well done by most candidates. Using either T and F or 0 and 1, candidates were 

able to complete the truth table successfully. However, many did not explicitly show or indicate the 

equivalent columns. 

 

In Part (b), the logic diagram was correctly constructed by most candidates. 

 

For Part (c), most candidates did not show all steps of the Hungarian algorithm with a few going directly 

to the allocations. 

 

For Part (d), many candidates gave the paths from A to C rather than the requested paths from C to A.  

 

Solutions: 

(a) (i)  

(ii)  truth tables indicating equivalent columns 

(b)  logic gate diagram 
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(c) from Hungarian algorithm A assigned to IL, B to GX, C to AB, D to YG 

(d) (i) CDA, CBA, CBDA, CDBA   

(ii) 4 

 

 

Probability and Distributions 

 

Question 2 

 

This question tested the candidates' ability to: 

 Use the cumulative distribution function F(x). 

 Use the result P(a < X < b) = F(b) - F(a). 

 Calculate expected value and variance from a given distribution. 

 Calculate and use the expected value and variance from a linear combination of independent 

random variables. 

 

For Parts (a) (i) to (v), most candidates were able to correctly calculate the constant in Part (a) (i) 

however, most of them did not seem to understand what was required for the remaining four parts of this 

section. In Part (a) (ii), candidates were required to find the area under the curve using integration rather 

that substituting the given values into the function and then evaluating. Most candidates knew that to find 

the median they were to use F(x) =   but did not know what to do with it. In Part (a) (iv), candidates did 

not seem to recognize the need to differentiate in order to arrive at the probability density function. 

Similarly for Part (a) (v), candidates did not recognize the need to use integration to find the required 

probability. 

 

Part (b) was well done.  

 

Solutions: 

(a) (i)    (ii)        (iii) 4.5 

     (iv)   (v)  

(b) (i)      (ii)  
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Module 3:  Particle Mechanics 

 

Question 3 

 

This question tested the candidates’ ability to: 

 Calculate velocity, acceleration and time using the equations of motion. 

 Calculate the work done by a constant force. 

 Represent the contact force between two surfaces in terms of its normal and frictional component. 

 Resolve forces on particles on an inclined plane. 

 

This question was not well done as candidates had problems with resolving forces.  Part (a) was generally 

well done though some candidates did not convert the speed of the body to  

 

In Part (b), many candidates did not use the formula . One candidate used  to solve the 

question.  However, the answer was left as the mass and not the weight. 

 

Part (c) was poorly done. Candidates did not resolve forces at the  mass or the mass and hence, 

could not solve the problem. 

 

Solutions:  

(a) (i)  (ii)  (b)  (c)       

 

 

 

Paper 031 – School-Based Assessment (SBA) 

Generally, the topics chosen were suitable for students at this level. The majority of the projects sampled 

were from the Discrete Mathematics and Probability and Distribution segments of the syllabus. A few 

interesting projects were seen in mechanics as well. These projects were appropriate and were generally 

well done by candidates.  

 

Teachers’ assessment of the projects was generally satisfactory. There was generally close agreement 

between the marks awarded by teachers and those by the CXC Moderator. 

 

Statement of Task 

 

The majority of students scored full marks in this section.  Approximately 30 per cent of students did not 

identify the variables. A small minority of students gave irrelevant information in this section and seemed 

unclear on what was required. 
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Data Collected 

 

This section was generally well done but in a small number of cases, the data collected was not realistic. 

 

Mathematical knowledge/Analysis 

 

Most students scored well in this area and demonstrated a good grasp of the mathematical principles 

taught. 

 

Evaluation 

 

No insights into the nature of and resolution of problems encountered in the tasks were seen for most 

students but most were able to score the three marks for the conclusion. 

 

Communication of Information 

 

This section was generally well done by most students. 

 

 

STRENGTHS AND WEAKNESSES 

 

Strengths 

 

 Recognition of conditional probability 

 Knowing when and how to standardize 

 Use of the z-table to find critical values 

 Differentiating between distance and displacement 

 Ability to calculate ‘r’ the product moment correlation co-efficient correctly 

 

Weaknesses 

 

 Confusion about the concepts of independence and mutually exclusive; 

 Confidence interval for proportionality — proportion was treated by many as if it was a mean; 

 Ignoring the constant of integration 

 Resolution of forces in the particle mechanics module 

 Deficiency in knowledge of the Lami’s Theorem; this method was attempted by a negligible 

number of students, who proceeded to use it incorrectly. 
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RECOMMENDATIONS 

 

 Candidates should practice more problems involving the use of the chi-squared test, normal 

distribution and mechanics.  

 Candidates need to have a comprehensive understanding of the various modules, paying special 

attention to the mechanics module of Unit 2.  

 Candidates are still having difficulty with (i) algebraic manipulations and (ii) problem solving 

especially in the mechanics module.  Pre-requisite skills — namely finding the mean and standard 

deviation for statistics, and trigonometry for Particle Mechanics — need to be reviewed before 

starting the modules. 

 It would appear from the performance of Module 3 in both Units, that these modules are hurriedly 

done.  More time needs to be allocated to these modules.  

 Tables and formula sheets that are used in the examination should be the same ones used in the 

classroom. 

 Candidates need to get used to writing their final answers correct to three significant figures.  

They however, should be cautioned against premature approximation. 

 Teachers should instruct students to cite references to inculcate good research skills from early. 

 

Candidates also need to: 

 Familiarize themselves more with different sampling methods. 

 Know how to calculate the mode from a histogram. 

 Use the normal approximation to the binomial distribution. 

 Recognize and use the continuity correction accurately. 

 Identify when and how to use the t-test. 

 Use the equations of motion for a projectile to determine the angle of projection and time of 

flight. 

 Be able to distinguish between logic gates and switching circuits. 

 Familiarize themselves with Lami's Theorem. 

 Be able to distinguish between logic gates and switching circuits.  
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GENERAL COMMENTS 

 

The Applied Mathematics syllabus is a two-unit course comprising three papers. Paper 01, consisting of 45 
multiple-choice questions and Paper 02, consisting of six essay questions were examined externally, while 
Paper 03 was examined internally by class teachers and moderated by CXC. Contributions to candidates' 
final score from Papers 01, 02 and 03 to each unit were 30 per cent, 50 per cent and 20 per cent, respectively.  

Unit 1, Statistical Analysis, was tested in three modules: (1) Collecting and Describing Data, (2) Managing 
Uncertainty, and (3) Analysing and Interpreting Data.  

Unit 2, Mathematical Applications, was tested in three modules: (1) Discrete Mathematics, (2) Probability 
and Distributions, and (3) Particle Mechanics. Both units were tested in two papers: Paper 01, which 
consisted of 15 multiple-choice items from each module, and Paper 02, which had two questions from each 
module. Candidates were also required to complete a project for school-based assessment (SBA) on each 
unit. Candidates who did not complete the SBA, wrote an alternative Paper 032, consisting of three 
questions, one from each module. 

Each unit was tested at three cognitive levels − conceptual knowledge, algorithmic knowledge and 
reasoning. Each question on Paper 02 was worth 25 marks, while each on Paper 032 was worth 20 marks. 
For Unit 1, 691 candidates wrote the 2014 examination and 14 wrote Paper 032, the Alternative to School-
Based Assessment (SBA).  

 

DETAILED COMMENTS 
 

UNIT 1 
 

Paper 01 – Multiple Choice 
 

Performance on the 45 multiple-choice questions on this paper had a mean of approximately 60.8 and 
standard deviation of 17.3 with scores ranging from 18 to 90. 

Paper 02 – Essay 
 

Module 1: Collecting and Describing Data 
 
Question 1 

This question tested candidates’ ability to:  

 Distinguish between a population census and a sample survey. 

 Distinguish between qualitative, quantitative, discrete and continuous types. 

 Define a sample frame. 

 Identify different methods of collecting data and their appropriateness. 

 Calculate the number and types of items in a sample according to the sampling method used 

 Calculate the interquartile range. 
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Candidates were able to answer Part (a), description of data; Part (b), distinguishing between census and 
sample survey; Part (c), distinguishing between direct observation and personal survey techniques: and Part 
(d) (i), calculating the sample needed from an identified stratified sample, reasonably well and scored most 
of their marks in these areas.  

In Part (d) (ii), most candidates were unable to specifically state that in using the stratified random method, 
there was a ratio or proportionality being used. Part (d) (iii) posed the greatest challenge for many 
candidates. They were not able to clearly state that the question that was posed actually consisted of two 
questions, but they did recognize that there were two or more possibilities. Most of those who recognized 
that there were two questions just rewrote the question that was posed or another ambiguous question. In 
addition, some candidates who did not recognize that it was two questions were able to write two distinct 
questions with only a few recognizing that options for the questions were necessary.  

Solutions  

(a) (i) Qualitative (ii) Quantitative (iii) Discrete (iv) Continuous (v) Continuous 

(b) (i) Census – All members of the population are surveyed. 

     Sample – Some of the members of the population are surveyed. 

(ii) Any two of the following: 

 Too costly 

 Too time consuming 

 Inaccessible population 

 Destruction methods 

 Too large a population 

              (iii)  a)  Sample – assuming that more than 15 persons made a purchase 

       b) Census – choosing all of the 5 persons 
 

(c) (i) Direct observation (ii) Personal survey (iii) Personal survey 

 

      (d) ( i) Masons =  
ସହ

ଵଶହ		
		ൈ 		25	 ൌ 				9	 

           (ii)  All groups/strata will be sampled proportionally or in ratio to each group 

          (iii)   a) Reason: Two questions were asked. 

b) Rewriting: (Circle the response that you think answers the question.) 
 

 How often do you buy lunch at the worksite?  
Never       Two days or less      Three days or more         Everyday   

 Do you bring your lunch from home?  
Yes             No            Sometimes       
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Question 2 

This question tested the candidates’ ability to:  

 Construct and use frequency, pie charts, histograms, stem-and-leaf diagrams, box-and-whisker 
plots and cumulative frequency curves (ogives). 

 Outline the relative advantages and disadvantages of frequency polygons, pie charts, bar charts, 
histograms, stem-and-leaf diagrams and box-and-whisker plots in data analysis. 

 Determine or calculate the mean, trimmed mean, median and mode for ungrouped and grouped 
data. 

 Calculate the range, interquartile range, semi-interquartile range, variance and standard deviation 
of ungrouped and grouped data. 

 Work with data displayed as a pie chart and use the correspondence between the angle and 
frequency of sectors to determine total sample size, angle and frequency of sectors. 
 

This question was done by all candidates 69 per cent of whom scored 16 marks or more. 

Part (a) (i) was very well done by most candidates.  However, some candidates could not convey the fact 
that the individual profits were lost.  This set of candidates mainly focused on the loss of the frequencies. 
In Part (a) (ii), many candidates used the class limits instead of the class boundaries to calculate the class 
width and therefore obtained an incorrect answer.  

Part (a) (iii) was very well done by most candidates. Some candidates ignored the values given on the              
x-axis and drew bar charts, instead of a histogram, using their own boundaries.  For Part (a) (iv), many 
candidates were unable to draw the diagonals on the histogram to find the mode. Some of those who drew 
the diagonals were unable to read the value of the mode from the histogram accurately. 

Eighty per cent of the candidates performed well on Part (a) (v). The remaining 20 per cent of the candidates 
had difficulty calculating the midpoints or did not know how to find ݂ݔ. There were a few candidates who 
used 5 as the total frequency instead of the total from the frequency column. 

In Part (a) (vi), candidates performed well, but lacked knowledge regarding how to use the correct formula 
to calculate the standard deviation.  In most cases, the wrong formulae was used by those who were unable 
to score a high mark. 

Part (b) was also well done.  Those who did not do well had difficulty manipulating the ratios to find the 
total in the sample.   

Solutions 

(a) (i) All individual data values are lost. (ii) 74.5 – 59.5 = 15 (iii) Histogram (iv) Mode 53.5                          

(v) Mean = 62.5 (vi) S.D. = 19.03 

 

(b) (i)   80  (ii)		36°  (iii) 16 walkers 
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Module 2:  Managing Uncertainty 
 
Question 3  
 
This question tested candidates’ ability to: 

 Calculate the probability of events and the intersection of two events. 

 Draw a Venn diagram to display given information. 

 Calculate probabilities and conditional probabilities from contingency tables. 

 Enumerate possible sample selections in sampling without replacement and calculate probability 
and conditional probability of specified events. 
 

Part (a) (i) a) was generally well answered given the options available. Many candidates erroneously 
considered		ܲሺܨ ∩ ሻܯ ൌ 0.5 ൈ 0.45. This was the most common mistake, while other candidates found the 
union of the two sets instead of the intersection. The majority of candidates did Part (a) (i) b) correctly, 
recognizing that they were to subtract their previous answer from 0.5. 

Part (a) (ii) was not well done with more than half of the candidates only achieving one of the three available 
marks for this question. Most candidates were able to recognize that the Venn diagram required two 
intersecting circles, and were able to correctly insert the correct intersection into the diagram. Many, 
however, were unable to insert the correct values for F only and M only (0.5 and 0.45 respectively were the 
most common mistakes). Many candidates often neglected to include ܲሺܨ ∪  .ሻ′ in their Venn diagramܯ
Even when this value was excluded, approximately 70 per cent of the candidates were able to correctly 
answer Part (a) (iii) based on their Venn diagram.  

Parts (b) (i) and (ii) were very well done with over 87 per cent of the candidates giving the correct responses 

of 
ସ

ଽ
 and 

ଶ

ହ
 respectively. The majority of candidates was able to identify the correct numerator of 12 for Part 

(b) (iii). However, several candidates gave the final answer as 
ଵଶ

ହ଴
 as opposed to the correct response of 

ଵଶ

ଽ଴
. 

Part (b) (iv) was not well done with only approximately 15 per cent of the candidates achieving full marks 
on this question. The majority of candidates correctly stated the formula for the conditional probability and 

most were also able to identify the correct denominator of 
ସ

ଽ
. However, there were several answers given in 

the numerator, with ቀ
ଵ଼

ଽ଴
ൈ

ସ

ଽ
ቁ, ቀ

ଵ

ଽ
ൈ

ସ

ଽ
ቁ or ቀ

ଶ଼

ଽ଴
ൈ

ସ

ଽ
ቁ being the common errors. The correct numerator should 

have been 
ଵ

ଽ
, giving a final answer of 

ଵ

ସ
. This answer could have been obtained straight from the table as 

well. 

Part (c) (i) was attempted by the majority of candidates, with approximately 50 per cent of them achieving 
full three marks. Many candidates used a tree diagram to obtain the possibility space, but some of them did 
not list the final results. Several of the candidates who did not use a tree diagram only listed four or six of 
the possible eight combinations. 

Part (c) (ii) was not well done by candidates, with less than 25 per cent of all responses gaining full marks. 

The common mistake was to take the correct response of 
଻

ଵଷ
 and multiply it by

଼

ଵସ
. 
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Part (c) (iii) was done satisfactorily. Many candidates were able to achieve the correct response of 
ଷ଴

ଽଵ
.  

Candidates who calculated individual probabilities often miscalculated one or more of these leading to an 
incorrect answer. Some candidates only used two possible combinations instead of 3.2  

Solutions 

3.  (a)  

 (i)  (a) 0.16  (b) 0.34  

 (ii) 

 

 (iii)  0.21  

(b)  (i) 
ସ

ଽ
 (ii) 

ଶ

ହ
 (iii) 

ଶ

ଵହ
 (iv) 

ଵ

ସ
 

 (c)  (i) CCC, CCV, CVC, CVV, VVV, VVC, VCV, VCC  

(ii) 
଻

ଵଷ
     (iii) 

ଷ଴

ଽଵ
 

Question 4 

This question tested candidates’ ability to:  
 Construct a probability distribution table and compute probability and expected values. 

 Identify a binomial distribution and state its parameters. 

 Calculate probabilities using binomial distribution. 

 Use a normal approximation to evaluate probabilities. 
 

For Part (a) (i), most candidates were able to prepare the probability distribution table; however, a minority 
confused decimal places and significant figures. A small percentage of candidates used fractions thus losing 
the mark awarded for the correct number of decimal places. 
 
In Part (a) (ii), most candidates were able to calculate P (2 ≤ X ≤ 4), however, a small percentage of 
candidates interpreted this to be P (X = 3). In Part (a) (iii), the majority of candidates had a general idea 
regarding how to work out the expected number of errors per page. 
 
For Part (b), candidates knew the name of the distribution of Y and were able to state the correct parameters. 
Most candidates were able to calculate P(Y = 4), however, a large number of them experienced difficulty 
finding P (Y ≥ 1).   Some candidates summed P (Y = 0) and   P(Y = 1) while others did not seem to 
understand the concept of at least. 
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For Part (c), many candidates failed to find the percentage of candidates who would get a Grade A, although 
having gone through all the correct steps. Some candidates added or subtracted 0.5 to or from 82 (Grade 
A). Most candidates demonstrated a keen grasp of using the distribution table.  
 
Solutions 
(a)  (i) 

Number of errors, X 0 1 2 3 4 5 
P(X = x) 0.166 0.211 0.280 0.186 0.100 0.057 

   

(ii)  P (2 ≤ X ≤ 4) = 0.566   (iii) E(X) = 2.01 

(b) (i) Y ~ Bin (10, 0.3)    (ii) P (Y = 4) = 0.20    P (Y ≥ 1) = 0.97 

(c)  Grade A = 4.01% 

 
Module 3:  Analysing and Interpreting Data 
 
Question 5 
 
The question tested candidates’ ability to: 
 

 Calculate from a 95 per cent confidence interval for a population mean. 
 Compute the sample mean, standard deviation and interval width. 
 Identify the approximate distribution of the sample mean. 
 Calculate the probability that the sample mean is less than a given value. 
 State the null hypothesis H0 and an alternative hypothesis H1. 
 Apply a two-tailed z-test procedure. 
 Determine the critical value from tables for a given test and level of significance. 
 Identify the critical region for a given test. 
 State a valid conclusion of the given test. 

 
This question was attempted by most candidates.  In Part (a) (i), candidates correctly found the width of the 
interval, Part (a) (ii) was fairly well done, most candidates recognized that the midpoint of the interval was 
the mean. However, Part (a) (iii) proved to be a challenge to many who attempted it.  Candidates did not 
use the fact that 	1.96	 ൈ	

ఙ

√଺଴
		= 2.74. 

 
In Part (b), candidates overlooked that the question asked for the distribution of  തܺ and so few of them were 
able to write that തܺ has a normal distribution.  This then led to answering Part (b) (ii) incorrectly.  Some 
candidates used a continuity correction, + 0.5 or – 0.5 in the calculation of P(X < 28).  Converting to Z was 
well done and candidates were able to use the probability tables correctly. 
 
In Part (c) (i), candidates used the alternate hypothesis H1:  ߤ	48 > even though the question asked for a 
change.  The correct statement should have been H1:  ߤ	 ് 		48.  In Part (c) (ii), many of the candidates who 
used H1 :  ߤ	48 > also used just one rejection region.  Some candidates who had the correct statement for 
H1 proceeded to read the wrong value from the table, a few candidates went to the t-distribution and used 
49/2 as the sample size.  Candidates who correctly set up their hypotheses were able to complete the 
question correctly. 
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Solutions 

(a) (i)  5.48   (ii) mean = 16.8  (iii) S.D. = 10.8 

(b) (i)  തܺ ~ N(25, 
ଵସସ

଼ଵ
)   (ii)   P( തܺ < 28) = 0.9898 

(c)  (i)    Ho:48 = ߤ;  H1: ߤ	 ് 48    (ii)  z  < - 2.054 or z  >  2.054    (iii)  Ztest = - 2.43    (iv) Reject H0 

 

Question 6 

This question tested candidates’ ability to: 

 Distinguish between a dependent and independent variable in a bivariate pair of variables. 

 Draw scatter diagrams, on graph paper provided, to represent bivariate data. 

 Compute the sample mean point ሺ̅ݔ,  .തሻ and plot it on the scatter diagramݕ

 Draw the regression line of ݕ	݊݋	ݔ passing through ሺ̅ݔ,  .തሻ on a scatter diagramݕ

 Use the regression line to estimate a y-value from a given x-value. 

 Apply a ߯ଶtest for independence in a contingency table. 

 Formulate the null hypothesis ܪ଴ and the alternative hypothesis ܪଵ. 

 Compute expected contingency values. 

 Determine the degree of freedom and critical values of the test from ߯ଶ tables for a given level of 
significance. 

 State clearly the conclusion drawn from the test. 
 

In Part (a), most candidates were able to identify the independent and dependent variables.  In Part (b), 
some candidates had difficulty understanding the scale given for the graph, and therefore plotted some 
points incorrectly.  Drawing the regression line also proved to be difficult for some.  Some candidates did 
not observe that the regression line was to pass through the point ሺݔ,ഥ  .തሻݕ

Some candidates who plotted the point ሺݔ,ഥ  ,തሻ did not find a second point to draw the line.  In Part (b) (v)ݕ
most candidates correctly used the line to make the estimate for the person who is 22 years old. Some 
candidates had difficulty rounding values correctly (for example, 7.98 rounded to the nearest whole number 
was given as 9). 

In Part (c) (i), candidates confused the null and alternative hypotheses. In Part (c) (ii), the common error 
was incorrect reading of the table — candidates used the reading from the 5 per cent instead of the 95 per 
cent on the chi-squared test values table; calculating the degrees of freedom also gave some candidates a 
problem.   

Part (c) (iii) was well done. In Part (c) (iv), whereas candidates could correctly determine whether to accept 
or reject the null hypothesis, this was affected by incorrectly stating the null hypothesis.  Many candidates 
did not write a valid conclusion although they may have chosen to accept or reject the null hypothesis. 

Solutions 
 
(a) (i)   Income – independent, monthly rent – dependent 
 (ii)   Advertising – independent,   sales – dependent 
 (iii) Damage done – independent,   repairs – dependent 
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(b) (ii) ̅ݕ ,30 = ݔത = 8   (v) x = 22, y = 6 
 
(c)  (i) H0:  No association between school and grade 
  H1:  There is an association between school and grade. 
 (ii)   c.v :  χ2(0.05)(6) = 12.59    (iii)  E(number of students) = 12.72      (iv) Accept H0 
 

 

Paper 032 – Alternative to the School-Based Assessment (SBA) 

 
Module 1:  Collecting and Describing Data 
 
Question 1 

This question tested candidates' ability to: 
 Distinguish between qualitative and quantitative data as well as between discrete and continuous. 
 Identify sampling methods. 
 Describe and apply the systematic random sampling method. 
 Construct a stem-and-leaf diagram. 
 Determine the mode, median and interquartile range. 
 Calculate the mean to a specified accuracy. 
 Describe the shape of a distribution. 

 
In Part (a), candidates correctly identified the types of variables.  For Part (b), candidates were also able to 
identify the sampling methods.  In Part (c), candidates were able to adequately explain the process of 
systematic random sampling.   In Part (d) (i), a very common error was the failure to include a key for the 
stem-and-leaf diagram.  Part (d) (ii) c), computing the interquartile range from the data was a challenge for 
some candidates. 
 
Candidates recognized that the data was skewed in Part (d) (iv), but many of them identified it as positively 
skewed rather than negatively skewed. 
 

Solutions 

 1. (a)  (i)     qualitative     (ii)    quantitative      (iii)    discrete 

     (b)  (i)     stratified     (ii) random 

     (c)  Arrange the names in some order (for example, alphabetical). 

   Randomly select a name. 

   Thereafter select every fifth name until 30 names are selected. 
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      (d) (i)  

Stem  Leaf 

2   5 8       

3   2 7 8      

4   2 3 5 8     

5   0 4 4 4 6 7 7 9 

6   0 1 3      

  (ii)  (a) mode = 54 (b) median = 52 (c) IQR = 17 

  (iii) Mean = 48.15 

  (iv) nNgatively skewed 

 

Module 2: Managing Uncertainty 
 
Question 2 
 
This question tested candidates' ability to: 

 Construct a probability distribution. 
 Identify elements of an event. 
 Calculate the probability of an event. 
 Calculate the expected value. 
 Use the normal distribution to calculate a probability. 
 Recognize the conditions for using the binomial distribution. 
 Use the binomial distribution to calculate a probability. 
 Apply the normal distribution as an approximation for the binomial distribution. 

 

In Part (a) (i), candidates were able to state the values of the random variable X, but the calculations of the 
probabilities proved to be a challenge.  Some candidates had probabilities that did not add to 1as expected. 

Since Part (a) (ii) depended on the results of the table in Part (a) (i), most of the candidates who did not 
score well on Part (a) (i) also did not get this part correct.  Some candidates also interpreted “the probability 
that more than two rings will ...) to be P(X ≥ 2) rather than P(X > 2). 

The E[X] asked for in Part (a) (iii) depended on the result from Part (a) (ii), but many candidates were able 
to use the formula that E[X] = ∑ x P(X = x). 

In Part (b), many candidates correctly stated the correct probability statement P(X > 75) but then in 
converting X to Z, many candidates divided by √20 instead of just dividing by 20;  20 was given as the 
standard deviation, candidates treated this as the variance.  Another challenge in this part was recognizing 
that P (Z > z) = 1 – Ø (z).  Some candidates did not subtract.   The question asked candidates for a percentage 
of values, candidates did not convert their probability to a percentage. 

In Part (c) (i), candidates correctly calculated the expected number of cars as E[X] = n.p. In P©art (ii) 
candidates were asked to calculate P(X is more than 90).  Many candidates interpreted this as P(X ≥ 90).  
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The next major error in this part was the application of the continuity correction; either candidates did not 
use the correction, or they subtracted the 0.5, rather than adding the 0.5 since 90 should not have been in 
the range.   

 
Module 3:  Analysing and Interpreting Data 
 
Question 3 
 
This question tested candidates ' ability to:  

 State fully the approximate distribution of the sample mean. 
 Calculate unbiased estimates for the mean and the variance. 
 Formulate null and alternative hypotheses using statistical symbols. 
 Evaluate the z-test statistic. 
 Apply the z-test and state clearly the conclusion drawn. 
 Interpret parameters in the regression line equation. 
  Use the regression line to estimate values of y. 

 
Part (a) was well done. Candidates were able to correctly able to state the distribution for തܺ . 

Candidates were able to correctly calculate the mean, but for the variance, many candidates did not multiply 

be the correction factor 
଺଴

ହଽ
.  

Many candidates were able to set up the null and alternative hypotheses in Part (c) (i), but in Part (c) (ii) 
candidates had problems defining the critical regions.  Although candidates recognized a two-tailed 
alternative in Part (c) (i), they gave only one side of the rejection, or they used the one-tailed region. 
Answers given were z > 1.96, z < 1.96 or z > 1.645. 

For Part (c) (iii), in calculating Ztest, candidates used ߤ െ	 –ഥ	ݔ rather than   ݔ̅  .ߤ	

All candidates who attempted Part (d) got it correct. 

 

Solutions 

 (a)  







45

169
20,NX  

(b)  (i) The mean is 12.63 (ii) The variance is 168.67 

  (c)  (i) H0:  µ = 55 

   H1:
μ≠ 55  

  (ii) Critical region: z > 1.96 or z < -1.96   (iii)      Z test = -1.385 

   (iv) Accept H0. The mean mass of the packages is 55 grams. 
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Paper 031 – School-Based Assessment (SBA) 

Generally, the standard and presentation of the samples submitted were satisfactory.  In most cases, 
appropriate topics were selected based on the guidelines of the syllabus. 

Project Title 
 
Approximately 15 per cent of the titles in the samples were too vague.  A typical example was “chubby 
soda kids”.  In addition, some titles were too wordy.  It is recommended that students be encouraged to 
relate their title to real-life situations.  Teachers are required to pay keen attention to the selected title being 
used. 

Purpose of Project 
 
Fifty per cent of students failed to identify the variables used and as a result of this, most of them scored 
only one out of two marks. 

Method of Data Collection 
 
This section was well done. However, some students listed the techniques but failed to clearly integrate 
them as part of their method of data collection. Also, several students gave definitions instead of sufficiently 
explaining how the project was executed.  

Presentation of Data 
 
Students were able to score well in this section. Many of them demonstrated mastery in the construction of 
histograms, pie charts, stem and leaf, box plots, the chi-square and regression correlation. In general, the 
presentation of data was well done; however, too many students presented long tables of data. Students 
should be reminded to append these at the end of the project in the appendix. 
 
Statistical Knowledge/Analysis of Data 
 
The majority of students demonstrated a good grasp of statistical concepts in the syllabus and scored well 
in this area. Some students who used chi-square tests were able to:- 

 Apply the Yates correction on 2 X 2 contingency tables. 
 Merge cells with frequencies less than 5. 

 
However, some students erroneously utilized inappropriate testing methods for the data they were working 
with.  For example, remembering to abandon the chi-square test if more than 20 per cent of expected 
frequency is less than 5. 
 
Discussion of Findings/Conclusion 
 
In several cases, this section was too verbose and much of it irrelevant to the purpose of the project.  
Approximately 90 per cent of students included and interpreted their findings and were able to earn a score 
of 3–5 marks out of a total of 5 marks.  Students should be reminded to draw suitable conclusions based on 
their findings. 
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Communication of Information 
 
The majority of candidates was able to obtain full marks in this area; however, students are encouraged to 
proof-read their work prior to final submission. 
 
List of References  
 
Very few candidates failed to list relevant references.  Students should seek to include multiple references 
preferably using the APA style. 

 

 

UNIT 2 
 

Paper 01 – Multiple Choice 
 

Performance on the 45 multiple-choice items on Paper 01 produced a mean of approximately 63.6 out of 
90, standard deviation of 18.7 and scores ranging from 16 to 90.   

 
Paper 02 – Essay 

 
Module 1:  Discrete Mathematics 
 
Question 1 
 
This question tested candidates’ ability to: 

 Formulate a linear programming model in two variables from real-life-situations. 
 Derive and graph linear inequalities in two variables. 
 Identify the objective function and constraints of a linear programming problem. 
 Determine the solution set that satisfies a set of linear inequalities in two variables. 
 Determine the feasible region of linear programming problem. 
 Determine, from a graph, the optimal solution (where it exists) of a linear programming problem. 
 Determine the shortest and longest path in a graph. 

 

For Part (a) (i), most candidates neglected to state maximize P when formulating the objective — profit 
function.  Part (a) (ii) was poorly done. Many candidates seldom converted hours to minutes or vice versa 
when writing the inequalities. Very few candidates identified the inequalities, ݔ	 ൒ 0; ݕ		 ൒ 0, and rarely 
substituted the coordinates of all vertices into the profit function. For Part (a) (iii), most candidates selected 
where the lines intersected as the combination of bottles for the maximum profit instead of checking all 
boundary points. 
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In Part (b), many candidates had difficulty calculating the shortest path. 
 

Solution 

(a)  (i)  a) Let x be the number of cases of glass bottles. 
   Let y be the number of cases of plastic bottles. 

   Maximize P= 20 x+15 y  
       b) 4ݔ ൅ 	ݕ4 ൑ ݔ3 ,	3000 ൅ 	ݕ6 ൑ 	ݔ ,3000 ൒ 	ݕ ,	0 ൒ 0 
 
  (ii)  a) Plot above inequalities of provided graph paper. 
   b) Identify feasible region on graph. 
 

(iii)  a) By substituting coordinates of vertices of feasible region in P, 750 cases 
 of glass bottles and 0 plastic bottles will maximize profit. 

        b) Maximum profit is $15 000. 
 
(b) Shortest path: SCDFG 
 Longest path: SDFEG or SCEDFG or SDCEFG 

 

Question 2 

This question tested candidates’ ability to: 

 Use the Hungarian algorithm to make optimal assignments. 

 Calculate the optimal value. 

 Use truth tables to determine whether a given proposition is a tautology or a contradiction. 

 Use the laws of Boolean algebra to simplify Boolean expressions. 

 Represent a Boolean expression for circuits. 

 Draw circuits corresponding to Boolean expressions. 

The overall handling of the question was satisfactory, with most candidates demonstrating a reasonably 
good grasp of the essential concepts. 
 
Part (a) was the most difficult subpart which required the use of the Hungarian algorithm.  Some of the 
candidates drew incorrect matrices and others also used alternative methods to derive a solution.  An 
estimated 60 per cent of candidates demonstrated an acceptable grasp of the Hungarian algorithm. 
 
The strongest area for the majority of candidates was Part (b) which required the construction of a truth 
table to determine whether the given expression was a tautology or contradiction. An estimated 90 per cent 
of candidates handled this adequately.  
 
Part (c) was generally well answered. Candidates also demonstrated strong competency in writing the 
Boolean expression for the circuit in Part (c) (i), with over 85 per cent of them performing well. A notable 
proportion of candidates, however, struggled to simplify the Boolean expression. 
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Solutions 

(a) (i) From Hungarian algorithm: Mrs Jones gets Class 1 or 2, Mr James is assigned to Class 4; 
  Mrs Wright gets Class 2 or 1 (reverse from Mrs Jones); Ms Small is assigned to Class 3. 

     (ii) Total time: hours (30+30+31+29) =120 hours 

(b) From truth table: is a tautology 

(c) (i)   

     (ii)  
 

Module 2: Probability and Distributions 

Question 3 

This question tested candidate' ability to:  

 Identify and use the binomial distribution to calculate a probability. 
 Solve an optimization problem based on the mean and standard deviation of a binomial distribution. 
 Approximate a binomial distribution with a Poisson distribution to find a probability. 
 Use the normal distribution with a continuity correction to approximate a Poisson distribution. 
 Calculate a probability using a geometric distribution. 

 

Candidates responded well to this question. 

In Part (a) (ii), approximately 50 per cent of candidates, changed the inequality to an equation and solved. 
This resulted in an incorrect final solution. Many candidates simplified the equation obtained from the 
quotient of the formulas for standard deviation and mean, substituting the given value until the final stage 
of the solution, rather than substituting and then simplifying which involved less algebraic manipulation.  
Candidates should be encouraged to solve the inequality from the start to the end of the problem and not to 
change to an equation. 

For Parts (b) and (c), more than 50 per cent of candidates did not use the appropriate approximations in the 
solution, and then in Part (c), many candidates did not use the continuity correction. Many candidates had 
difficulty reading the normal distribution tables.  

In Part (d), candidates did not apply the correct formula for the geometric distribution. Many candidates 
interpreted the question as ‘less than or equal to’ rather than just ‘less than’. 
 
Solutions 

3. (a)  (i) 0.833   (ii) n = 401 
    (b)  0.544 
    (c)  0.8907 
    (d)  0.657 
 

 
 
 
 
 

( p ∧ q)→p
a ∧ [b ∨ (a ∧ b)] ∧ [a ∨ (¬a ∧ b)]

(a ∧ b)
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Question 4 
 
This question tested candidates’ ability to:  

 Adequately use the properties of probability density and cumulative functions. 

 Carry out all required steps in a  goodness-of-fit test to determine whether a given data set may 
be modelled by a normal distribution.  
 

For Part (a) (i), most candidates had difficulty performing the integration correctly.  Many of them just 

substituted the value a = 2.2 in the expression  and equated it to 0 and therefore arrived at an incorrect 
value for b.  Hence they were unable to prove that a = 2.2.  Part (a) (ii) was well done.  
 
For Part (b) (i), most candidates were able to obtain a value for ‘m’ and ‘n’. However, a few candidates did 
not multiply by 400 as required to obtain the two values. In Part (b) (ii), approximately 25 per cent of 
candidates came to a conclusion without setting up a null or alternative hypothesis.  Candidates also used 
n-1 to calculate the degrees of freedom. 
 
Solutions 

 (a) (i) Integrate to obtain simultaneous equations to solve to obtain  
  a = 2.2, b = -2.4. 
 

     (ii) P(X > 0.5) = 0.2 
 
(b) (i)  m = 136.5, n = 63.5 
 
      (ii) H0: data may be modelled by normal with a mean of 9 and variance of 1 
 H1: data may not be modelled by normal with a mean of 9 and variance of 1 
 At 5% significance level and degrees of freedom of 3, the critical chi square  
 value is 7.815. 
 The calculated chi square value is 84.024. 

Conclusion: Reject the H0 at 5% significance level and conclude that data may not be 
modelled by a normal distribution with a mean of 9 and variance of 1. 

 
Module 3:  Particle Mechanics 
 
Question 5 

This question tested candidates’ ability to: 

 Resolve forces. 

 Apply Newton’s laws of motion. 

 Solve problems involving displacement, velocity and acceleration. 

 Create first order differential equations for the motion of a particle in a straight line. 

In Part (a) (i), the majority of candidates scored at least two out of the three marks. While the diagram was 
drawn accurately most candidate were unable to insert the normal reaction force and friction accurately on 

a+bx
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their diagram.  In Part (a) (ii), most candidates did not identify all forces acting on the 5 kg mass. As a 
result, the second equation required was not obtained and consequently the question was poorly done. 

Part (a) (iii) was not attempted by many candidates.  However, of those who attempted the question about 
50 per cent obtained the maximum four marks for the question. 

Part (b) (i) was generally done well. The common errors for this question were 

 direct substitution of  before differentiation 

 incorrect differentiation. 

Part (b) (ii) was attempted by most candidates with the majority of them obtaining at least two marks. The 
main area of difficulty for candidates was the process of integration. This was either done incorrectly or 
without the consideration of the components, i and j.  

In Part (c), many candidates assumed constant acceleration and thus used the incorrect formula to determine 

the differential equation. The use of  and  was widely applied, resulting in many candidates 

receiving half of the available mark. Most of the candidates who were able to obtain full marks for this 
question did so at the first step and then proceeded to solve the differential equation.   

Solution 
 

(a) (i) 

 
 (ii)  

   

(i) The force exerted by the string on the pulley = 54.6 N 
 (b) (i) Acceleration = 30i – j  
  (ii) Position of the particle = 45 + ଵହ

ଶ
	݆ 

 

(c) Differential equation:	݉
ௗ௩

ௗ௧
ൌ ݉݃ െ  ݒ݇

 

Question 6 

This question tested candidates’ ability to: 

 Apply the principle of conservation of linear momentum to the direct impact of two inelastic 
particles moving in the same straight line. (Knowledge of impulse required). 
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 Apply Newton's law of motion to a system of two connected particles. 
 

 Apply the principle of the conservation of energy. 
 

Part (a) was generally well done.  Generally, candidates had knowledge of Newton's Second law of motion; 
however, many did not distinguish between acceleration and velocity.  Newton's law F = ma was preferred 
over Ft = mv-mu (Impulse). Alternatively, a number of candidates used the power equation P = F/v to solve 
the problem. 

Part (b) was generally well done by those candidates who attempted it. However, some candidates did not 
acknowledge the direction of the velocities. Most responses only contained the magnitude of the resultant 
velocity.  Some candidates failed to acknowledge the fact that after the collision, the coupled trucks had the 
sum of the masses of the two trucks. 

Part (c) was attempted by most candidates; however, many did not use or state the principle of conservation 
of mechanical energy. Additionally, many candidates failed to acknowledge that the 3M mass had no 
change in potential energy. Furthermore, candidates generally ignored the change in kinetic energy of the 
1.5 M mass. Some candidates interpreted M to mean mega, that is, 106 while others ignored it completely. 

Many candidates used a force balance along with Newton's equations of motion to solve the problem rather 
than use the principle of conservation of mechanical energy as specified in the question. 

Generally most candidates did Part (d) well; however, some left off 'g' when forming their simultaneous 
equations to calculate the acceleration. 

 
Solution 
 

6. (a) 

  
 Force exerted on the wall = 300 N 
 
(b)  

 
Velocity of coupled trucks = 0.125 ms-1  
Direction is the same as the three-tonne truck. 
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 (c)  

 
Speed of the block A, when it reaches the edge of the table = 2.45 ms-1 
 

 
(d) 

 

a = 2.5 ms-2 
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Paper 032 – Alternative to School-Based Assessment (SBA) 

  
Module 1: Discrete Mathematics 
 
Question 1 
 
Candidates performed poorly on this paper. Understanding of the basic concepts was weak. 

This question tested candidates' ability to:  

 State the converse, inverse and contra-positive of implications of propositions. 

 Derive a Boolean expression from a given switching or logic circuit. 

 Establish the truth value of propositions that involve conjunctions, disjunctions and negations.   
 

In Part (a), most candidates were able to correctly state the converse and the inverse of p => ~q but could 
not write the contra-positive.  In Parts (b) (i) and (ii) only partial answers were given.  In Part (c), candidates 
could not set up the proposition for the alarm to trigger, ݏ	 ⋀ሺ	ݓ	 ⋁ ݀ሻ and, therefore, had problems with the 
construction of the truth table. 
Solutions 

(a)  ~p => p; ~p ∧ q; q ∧ ~p 

(b) (i)  [a ∨ (~b ∧ c)] ∧    (ii)  [(A ∨ B) ∧ (A∨ B ∨ C)] ∨ (~B ∧ C) 

(c)   s ∧ (w ∨ d)   =    

s w d (w ∨ d) s ∧ (w ∨ d) 
0 0 0 0 0 
0 0 1 1 0 
0 1 0 1 0 
0 1 1 1 0 
1 0 0 0 0 
1 0 1 1 1 
1 1 0 1 1 
1 1 1 1 1 

 

Module 2: Probability and Distributions 

 
Question 2 
 
This question tested candidates' ability to:  

 Solve problems involving the probability density function and the cumulative distribution function. 
 Use the Poisson distribution to calculate probabilities. 
 Use the binomial distribution to calculate probabilities. 
 Calculate the number of ordered arrangements of n object taken r at a time, with or without 

restrictions. 
 



‐21‐ 
 

 
Candidates demonstrated a lack of understanding of basic probability concepts. Many of them could not 
derive the simultaneous equations required to solve the problem. 
 
Candidates interpreted at least four incorrectly. 
 
In Part (c), although candidates recognized that it was a binomial distribution, they calculated P(X = 3) 
rather than P(X≤ 3). 
 
Candidates confused the concepts of permutations and combinations. Many candidates did not know how 
to calculate arrangements with repetitions. 

 
Solutions 

(a)   a = 
ିଵ

ଵହ
,  b = 

ଵ

ଵହ
 

(b)  P(Y ≥ 4) = 0.979  (3 s.f) 
(c) P( X ≤ 3) = 0.984 3 s.f.) 

(d) (i)  210        (ii)  
଼

ଶଵ
 

(e)  60 480 
 

Module 3:  Particle Mechanics 
 
Question 3 
 
This question tested candidates' ability to:  

 Distinguish between distance and displacement, and speed and velocity. 

 Calculate and use displacement, velocity, acceleration and time in simple equations representing 
the motion of a particle in a straight line.   

 Formulate and solve first order differential equations as models in linear motion of a particle when 
the applied force is proportional to its displacement or its velocity. 

 Resolve forces, on particles, in mutually perpendicular directions. 

 Use the principle that for a particle in equilibrium, the vector sum of the forces is zero. 

 Solve problems involving concurrent forces in equilibrium. 
 

In Part (a), candidates mostly failed to identify the appropriate relationship between a and t2, and so could 
not derive the appropriate differential equation to solve for the velocity.   

In Part (b), candidates failed to demonstrate a grasp of basic concepts in force, work and displacement. 
Most candidates used the incorrect function (sine) instead of the correct trigonometric function (cosine) 
when resolving the resulting force horizontally.  Candidates then had problems recognizing the use of 
simultaneous equations to find the forces X and Y.  

Solutions 

(a) ܸ ൌ 	
௧య

ଵସ
  + 

ଶସ

଻
 

(b)  X = 55.8 N at 240o to the x-axis ,  Y = 63.9 N   at 120o to the x-axis    
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Paper 031 – School-Based Assessment (SBA) 

The topics chosen for this internal assessment were suitable for students at this level. Students mainly used 
aspects from the Discrete Mathematics portion of the syllabus to showcase their mathematical abilities with 
only a few of them venturing into the applications of Module 3 (Mechanics).  Efforts made by students who 
chose to apply this module were highly commendable. 

Statement of Task 

Most students obtained full marks in this section. Approximately 30 per cent of students failed to clearly 
identify and define variables, thus obtaining two out of three marks. In some instances, students provided 
irrelevant information and seemed unsure about the requirements to fulfil their purpose. 

Data Collection 

This section was well done. The majority of students presented suitable data and were able to obtain full 
marks. 

Mathematical Knowledge/Analysis 

A substantial number of students gained maximum marks in this section and showcased a grasp of the 
mathematical concepts required. 

Evaluation 

Conclusions drawn by several students were directly related to their initial statement of task; however, 
marks were lost due to the fact that they failed to list any limitations encountered during their investigation. 
Furthermore, no recommendations were given; hence marks were lost in this area.  

Communication of Information 

This section was generally well done by students.  

Strengths and Weaknesses 

Strengths 

 Good application of chi-square test 

 Use of the z-table to find critical values 

 Proper application of the Hungarian algorithm 

Weaknesses 

 Incorrect interpretation of r the product moment coefficient. 

 Confusion regarding appropriate method of analysis relative to tasks.  

 Failure to state the accurate alternative hypothesis when applying hypothesis testing. For example, 
if the test statistic is negative, then the alternative hypothesis must be less than or not equal to the 
value being tested. 

 Using the chi-square contingency table to test for relationships instead of independence. 
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Recommendations 

Students should practise more problems involving the use of the chi-squared test, normal distribution and 
mechanics. 
 
Students need to have a comprehensive understanding of the various modules, paying special attention to 
the mechanics module of Unit 2. 
 
Teachers should instruct students to cite references to inculcate good research skills from early. 
 
Students should be encouraged to work independently. Teachers should guide students to choose distinct 
topics and carry out their own investigations.  
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