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FOREWORD 

The National Examinations Council of Tanzania has prepared this report on the 
analysis of the candidates’ responses for ACSEE 2023 Advanced Mathematics to show 
how the candidates responded to the questions. The analysis of the data and the 
candidates’ responses are presented so as to point out the strengths and weaknesses of 
the candidates based on their responses to the items. The report provides feedback for 
education stakeholders to device some mechanisms to improve the candidates’ 
performance. 
 
Generally, the candidates’ performance in the Advanced Mathematics paper was good, 
as 96.86 per cent of the candidates who sat for the examination passed. The analysis 
shows that candidates’ performance in 13 out of the 18 topics tested was good. 
Candidates did well in the topics of Functions, Logic, Statistics, Sets, Trigonometry, 
Differential Equations, Coordinate Geometry I, Algebra, Hyperbolic Functions, Linear 
Programming, Calculating Devices, Complex Numbers, and Vectors.  
 
It was noted further that the candidates had average performance in the topics of 
Integration, Coordinate Geometry II, and Differentiation, but they performed weakly in 
the topics of Probability and Numerical Methods. Failure to understand the concepts of 
probability distributions, especially Binomial and Poison distributions, and the inability 
to apply the techniques of partial derivatives and numerical integration contributed to 
their weak performance. 
 
It is the credence of the National Examinations Council of Tanzania that the analysis 
presented in this report will pave way for the education stakeholders to adopt the most 
appropriate measures to improve more candidates’ future performance in this subject. 
 
The National Examinations Council of Tanzania would like to express its sincere 
appreciation to all individuals who participated in preparing this report, including the 
examination officers who coordinated the whole exercise. 
 

 
Dr Said Ally Mohamed 

EXECUTIVE SECRETARY 
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1.0 INTRODUCTION 

The Candidates’ Items Response Analysis (CIRA) report on ACSEE 2023, 
Advanced Mathematics subject provides feedback to education stakeholders on 
how the candidates responded to the examination items. This report is based on 
the analysis of the data and the candidates’ responses. 

The report analyses the candidates’ performance in all the topics examined in 
Advanced Mathematics. The Advanced Mathematics examination had two 
papers: Paper 1, 142/1 Advanced Mathematics 1, which had ten (10) 
compulsory questions, with each question carrying ten (10) marks. Paper 2, 
142/2 Advanced Mathematics 2, comprised of sections A and B. Section A 
consisted of four (4) compulsory questions which weighed fifteen (15) marks 
each, while Section B consisted of four (4) optional questions, each weighing 
twenty (20) marks. The candidates were required to attempt only two (2) 
questions from section B. 

The analysis of each question is presented in Section 2.0. The focus being on 
the requirements of each question, the analysis of data on candidates’ 
performance in the question, and the candidates’ responses. Figures and charts 
have also been used to show the performance of the candidates. Also, extracts 
for good and poor responses are included to illustrate the specific cases of 
candidates’ responses to an item. The percentage of candidates’ performance in 
each question is categorised as weak, average, and good in the intervals of 0–34, 
35–59, and 60–100, respectively. 

In 2023, a total of 13,755 candidates sat for the Advanced Mathematics 
examination, out of whom 13,308 (96.86%) passed. In comparison, the 2023 
performance is 1.03% lower than that of 2022, where a total of 13,105 (97.89%) 
candidates passed. 

The percentages of candidates who passed the Advanced Mathematics 
examination in different grades are presented in Figure 1. 
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Figure 1: Overall Performance in the 2022 and 2023 Advanced Mathematics 

Examination 

Figure 1 illustrates that there is a slight fall in the quality of performance in 
2023 as compared to 2022. For example, the percentage of candidates who 
scored grades F, S, and E has increased compared to 2022, while those who 
scored grades C and D have decreased by 3.9% and 0.9%, respectively. 
However, the number of candidates who scored grades A and B increased by 
1.5% and 0.2%, respectively. 
 
Section 3.0 presents the analysis of candidates’ responses per topic. The factors 
that contributed to good, average, and weak performance across the topics are 
highlighted. Finally, the conclusion and recommendations have been given in 
Section 4.0. 

2.0 ANALYSIS OF CANDIDATES’ PERFORMANCE IN EACH QUESTION 

This section gives an analysis of the candidates’ performance in each question. 
The performance in each question is described into three categories: good, 
average, or weak under the percentage boundaries of 60 – 100, 35 – 59 and 0 – 
34, respectively.  
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2.1 142/1 ADVANCED MATHEMATICS 1 

2.1.1 Question 1: Calculating Devices 

This question had parts (a) and (b). The candidates were required to use a 
scientific calculator to approximate the mean and standard deviation of the 
constants π , 2 , e , 3 , 1.414213 , 2.718282 , 3.1415 , 1.732051 correct to 
six decimal places, in part (a). In part (b), the candidates were required to 
compute the value of the following expressions correct to six significant figures 
using a scientific calculator: 

(i) ( ) ( ) ( ) ( ).107.2log
20620
14050

491860
21 816

8
−××××

−−
−× πe  

(ii) 

8
1

4
1

7
22log

7
22ln

ln
2ln4121ln

612ln











































+

 

  

 
The analysis shows that 50.4 per cent of the candidates who attempted the 
question scored from 6 to 10 marks, 17.0 per cent scored from 3.5 to 5.5 marks, 
and 32.6 per cent scored from 0 to 3 marks. Generally, the candidates’ 
performance in this question was good, as 67.4 per cent of the candidates scored 
not less than 3.5 marks. Figure 2 illustrates the candidates’ performance in this 
question. 
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Figure 2: Candidates' Performance in Question 1 of Paper 1 

The candidates who performed well in this question were able to use the 
scientific calculators’ functions correctly to approximate the mean and standard 
deviation of the given constants. For example, in part (a), they obtained the 
value of the mean ( x ) equal to 2.251523 and the standard deviation ( )δ  equal 
to 0.703730 correct to six decimal places. Also, in part (b), they obtained the 
correct answers  0.118612−  or 11.18612 10−×  correct to six significant figures, 

in (b) (i) and 0.100039  or 11.00039 10−×  correct to six significant figures in (b) 
(ii). Extract 1.1 shows a sample response from a candidate who performed well 
in this question. 

 
Extract 1.1: A sample of correct responses to question 1of paper 1 
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In Extract 1.1, the candidate used the scientific calculators’ functions 
appropriately, thus was able to get the correct answers. 

Although many candidates performed well, there were a few who showed 
inadequate skills in tackling the question. In part (a), the candidates failed to use 
appropriate statistical functions to determine the mean and standard deviation 
from the given data. For example, some candidates obtained mean as 

2.035017x = , 2.425894x = , 24.358824x = , 4.457024x =  and standard 
deviation as 1.193021δ = , 0.933194δ = , 58.830082δ = , 2.369863δ = , 
instead of 251523.2=x  and 0.703730δ = . Also, in part (b), some candidates 
failed to compute the required value, while others manipulated the given 
expressions well but failed to write the resulting answers in appropriate decimal 
places or significant figures. For example, in part (b) (i), some wrong responses 
were  0.118612 , 0.111055− , 7.63400− , 0.00577 , 0.329165 , and in part (b) 
(ii), samples of incorrect responses are such as 0.967534 , 0.0610066 , 
0.0220975, 01000394 , 0.940996 . Extract 1.2 is an example of a candidate's 
response who had inadequate skills in the concepts tested. 

 
 Extract 1.2: A sample of incorrect responses to question 1 of paper 1 
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In Extract 1.2, the candidate was not able to use the scientific calculators’ 
functions appropriately, and therefore failed to get the correct mean and 
standard deviation. 
 

2.1.2 Question 2: Hyperbolic Functions  

This question had parts (a), (b) and (c). In part (a), the candidates were required 
to express h in terms of m and n if the equation hxnxm =+ coshsinh  has equal 
roots. In part (b), the candidates were required to prove that 

( ) ( ) 





 −

−=−−−
2

sinh4sinhsinhcoshcosh 222 yxyxyx  and finally in part (c), it 

required them to integrate the integrand 
102

1
2 ++ xx

 with respect to x. 

 
The data analysis shows that 13,755 candidates (100%) attempted this question. 
4,125 (30.0%) candidates scored from 0 to 3 marks, while 2,894 (21.0%) 
candidates scored from 3.5 to 5.5 marks, and 6,736 (49.0%) candidates scored 
from 6 to 10 marks. Figure 3 shows the percentage of candidates’ performance. 
 

 
Figure 3: Candidates' Performance in Question 2 of Paper 1 
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Figure 3 shows that only 30 per cent of the candidates scored less than 3.5, 
indicating good performance. The majority of the candidates showed 
outstanding performance in this question. In part (a), the candidates defined 

( )xx eex −+=
2
1cosh  and ( )xx eex −−=

2
1sinh

 
then substituted in 

hxnxm =+ coshsinh  which led them to ( ) ( ) 022 =−+−+ mnheenm xx . 
Thereafter, they rearranged the equation to obtain 
( ) ( )2 2 0x xm n e he m n− + + + − =  and eventually solved the equation to get 

22 mnh −±= . In part (b), the candidates managed to express cosh coshx y−  

as 2sinh sinh
2 2

x y x y+ −   
   
   

 and sinh sinhx y− as 2cosh sinh
2 2

x y x y+ −   
   
   

 

as factor formulae, then simplified the given equation 

( ) ( )2 2cosh cosh sinh sinhx y x y− − −  to get 





 −

−
2

sinh4 2 yx  as per 

requirement of the question. In part (c), the candidates were able to factorize 
1022 ++ xx  by completing the square that is, ( ) 91 2 ++x . Then the candidates 

used the correct hyperbolic substitution, ( ) θsinh31 =+x  to evaluate the 

2

1
2 10

dx
x x+ +

∫  and obtained  1 1sinh
3

x c− +  + 
 

. Extract 2.1 shows a sample 

response from a candidate who performed well in this question. 
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Extract 2.1: A sample of correct responses to question 2 of paper 1 

 
In Extract 2.1, the candidate was able to use the correct hyperbolic definitions, 
factor formulae, and complete the squares correctly, thus arriving at the required 
answers. 
 
Apart from a good performance in this question, there were fewer candidates 
who failed to answer this question correctly. In part (a), some candidates used 
an inappropriate approach to express ‘h’ in terms of m and n. For example, one 

candidate solved the value of h by taking 
nm
nm

nm
h

+
−−

=
+

=+
)(and2 αββα  

then concluded that for equal roots αββα =+  then 
nm
nm

nm
h

+
−−

=
+

)(2 . The 

candidate obtained wrong answer of nmh +−= . Also, few candidates used 
inappropriate formulae to get ‘h’. For example, one candidate applied the R-
formula by letting ααα sinhcoshcoshsinh)sinh( xRxRxRh +=+=  then 

compared to hxnxm =+ coshsinh  so that )(tanh 1

m
n−=α  and 22 nmR −= . 

The candidate concluded that )(tanhsinh( 122

m
nxnmh −+−= .  

 
In part (b), some candidates failed to prove the given relation appropriately. For 
example, one of the candidates considered the right hand side of the equation in 
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the process of proving it by taking 
2 2

2 4sinh 4sinh4sinh
2 2

x y x y− − + − = 
 

 

which resulted to 2 22(sinh sinh )x y− − . Finally, the candidate concluded that 

( ) ( )2 22 2 24sinh 2(sinh sinh ) cosh cosh sinh sinh
2

x y x y x y x y− − = − − = − − − 
 

. 

In part (c), some candidates failed to apply appropriate technique of integration 

as they didn’t realize that 1022 ++ xx  could be factorized to ( ) 91 2 ++x  as 
an essential step to evaluate the given integral. For example, one candidate 

considered 222 )102(102 −++=++ xxxx  then integrated it and got 

102
1

21
)102(

2

122

++
=

+−
++ +−

xx
xx . Also, in a few circumstances, some candidates 

concluded that cxxdx
xx

++=
++∫ 2

2
2ln

102
1 . Extract 2.2 represents a 

sample response from a candidate who attempted this question incorrectly. 
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Extract 2.2: A sample of incorrect responses to question 2 of paper 1 

 
In Extract 2.2, the candidate failed to apply appropriate techniques for 
hyperbolic functions for each part of the question. 
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2.1.3 Question 3: Linear Programming 

The question comprised two parts, (a) and (b). In part (a), the question read as 
follows: “A small firm manufactures gold rings and chains. The total number of 
rings and chains manufactured per day is at most 24. It takes 1 hour to make 
each ring and 30 minutes to make each chain. The maximum number of hours 
available per day is 16. The profit on a ring is Shs. 3000 and that on a chain is 
Shs. 1900. If x and y are the numbers of rings and chains, respectively”. From 
this information, the candidates were required to formulate a linear 
programming problem. 

In part (b), the question stated that “A company owns two mines, A and B. Each 
day mine A produces 1 ton of high grade ore, 3 tons of medium grade ore and 5 
tons of low grade ore, while mine B produces 2 tons of each of the three grades 
of ore. The company needs 80 tons of high grade ore, 160 tons of medium grade 
ore and 200 tons of low grade ore. It costs sh. 200,000/= per day to operate each 
mine”. Candidates were told to find the number of days in which each mine 
would operate. 

The analysis of the data shows that a total of 13,755 candidates attempted the 
question. Out of them, 32.0 per cent scored from 0 to 3 marks, 39.6 per cent 
scored from 3.5 to 5.5 marks, and 28.4 per cent scored from 6 to 10 marks. The 
general candidates’ performance is good, as 68.0 per cent of the candidates 
scored more than 3 marks. Figure 4 illustrates the candidates’ performance in 
this question. 
 

 
Figure 4: Candidates' Performance in Question 3 of Paper 1 
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Most of the candidates performed well in this question; for instance, in part (a), 
they were able to formulate the linear programming problem correctly as 

Maximize: ( ) yxyxf 19003000, += , subject to 1 16
2

x y+ ≤ , 24x y+ ≤ , 

, 0x y ≥ . 

Also, in part (b), most of the candidates were able to interpret the linear 
programming problem, which helped them to formulate the Mathematical 
model. The model was Minimize: ( , ) 200,000( )f x y x y= +  subject to 

2 80x y+ ≥ , 3 2 160x y+ ≥ , 5 2 200x y+ ≥ , , 0x y ≥ . Thereafter, they located 
the inequalities on the xy − plane, which enabled them to get (80, 0) , (40, 20) , 
(20, 50)  and (0, 100)  as the corner points. From the points, the candidates 
realized that mines A and B should operate for 40 and 20 days, respectively 
with a minimum cost of Tsh 12,000,000 . Extract 3.1 is a sample response from 
a candidate who attempted this question well. 
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Extract 3.1: A sample of correct responses to question 3 of paper 1 

 
In Extract 3.1, the candidate applied the appropriate steps for formulating the 
linear programming problem correctly in part (a). In part (b), the candidate 
formulated the linear programming model which was used to sketch the graph 
and obtained the correct answer from the corner points. 
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Despite the fact that many candidates who answered this question performed 
well, there were a few who performed poorly. The reason for the poor 
performance was associated with incorrect formulation of the inequalities as 
well as misinterpretation of the terms used in linear programming problems. For 
example, in part (a), the use of the terms at most and maximum number of hours 
qualified the question to be the minimum problem, but few candidates treated it 

as a maximization problem. Thus, coming up with 24,16
2
1

≥+≥+ yxyx . 

However, the formulation of non-negative constraints and objective function 
was done correctly.  

In part (b), some candidates treated the problem as a linear transportation 
problem, hence came up with the wrong inequalities. For example, one 
candidate formulated 200000x y+ ≤ , 199800x y+ ≤ , 80x ≤ , 160y ≤ , , 0x y ≥  
and objective function of 50088088),( ++−= yxyxf . Then, from the graph, 
the candidate obtained (0, 199800), (0, 200000), (19980000, 0) (200000,0) as 
the corner points. Thereafter, the candidate concluded that mine A should 
operate for 20,000 days and mine B for 0 days. Also, other candidates 
encountered the problem of incorrect formulation of inequalities due to 
misinterpretation of the terms. For example, several candidates established 

2 80x y+ ≤ , 3 2 160x y+ ≤ , 5 2 200x y+ ≤ , , 0x y ≥  with the objective function 
yxyxf 000,200000,200),( +=  as a mathematical model. Those candidates 

found that mine A could operate for 40 days and mine B for 0 days. Extract 3.2 
is a sample response from the candidate who failed to answer part (b) of this 
question correctly. 
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Extract 3.2: A sample of incorrect responses to question 3 of paper 1 

 
In extract 3.2, the candidate failed to obtain the correct answer after formulating 
wrong inequalities and an objective function that led to an incorrect graph.  
 

2.1.4 Question 4: Statistics  

The candidates were given the frequency distribution table which has the 
masses of 36 stones in grams, as shown in the following table: 

Mass (g) 50 – 100 100 – 150 150 –  200 200 –  250 250 – 300 300 – 350 

Frequency 3 5 10 8 6 4 
 
Then, they were required to: 
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(a) Find the mean and variance of the distribution to three (3) decimal places 
by using the mean deviation method if the assumed mean (A) is 225. 

(b) Find the first and third quartiles of the distribution to three significant 
figures. 

(c) Find the 90th percentile of the distribution correct to 3 significant figures 
 

The question was attempted by 13,755 (100%) candidates, 9.0 per cent scored 
3.0 marks or less, 21.7 per cent scored from 3.5 to 5.5 marks, and 69.3 per cent 
scored from 6.0 to 10 marks. In this question, 12,518 (91.0%) candidates scored 
more than 3.0 marks. Thus, question 4 was among the questions that were well 
done in this examination. Figure 5 shows the general performance of candidates 
in this question. 
 

 
Figure 5: Candidates' Performance in Question 4 of Paper 1 

 
Figure 5 shows that the general performance in this question was good. In part 
(a), the candidates who performed well in this question were able to recall and 
apply correctly the formula used to find the mean for the deviation method as 

N
fd

AX ∑+= . Thereafter, they calculated the 750fd = −∑  and used it 

together with 225A =∑  and 36N =∑  to find the mean. Hence, they 

obtained the mean ( ) 204.167x = . Also, in order to find the variance, the 
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candidates used the formula 
22

2 fd fd
N N

σ
 

= −   
 

∑ ∑ , 36N =  , 

2 197500fd =∑  and 750fd = −∑  leading them to get the variance 
2( ) 5052.083σ = .  

 
In part (b), the candidates were able to recall appropriately that 

c
n

nN

LQ
w

b















 −
+= 4

1 , thereafter identified 150L = , 36N = , 8bn =  and 

10wn =  then inserted the values in the formula to obtain the first quartile, 

1 155Q = . Again, they applied formula c
n

nN
LQ

w

b















 −
+= 4

3

3  to find the third 

quartile by using 250L = , 36N = , 26bn = , and 6wn = ,  hence obtained the 

third quartile, 3 258Q = .  
 

Lastly in part (c), the candidates applied correctly the formula 

100 b

k
w

NK n
P L c

n

   −    = +  in order to get the 90th percentile where 300L = , 

36N = , 90k = , 4wn = , 32bn =  and 50c = . Thus, they got the 90th percentile 

( )90 305P = . Extract 4.1 shows the response of a candidate who had adequate 

knowledge of the concepts tested in this question, thus performed well. 
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Extract 4.1: A sample of correct responses to question 4 of paper 1 
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In Extract 4.1, part (a), the candidate prepared a correct frequency distribution 
table and then used suitable formulae to correctly obtain the mean and variance. 
In part (b), the candidate identified the classes for the first and third quartiles 
and recalled a proper formula to calculate their values correctly. In part (c), the 
candidate calculated the 90th percentile using the appropriate formula and 
obtained the correct value. 
 
Though the majority of the candidates showed outstanding performance, a few 
faced some challenges in responding to this question. In part (a), some 
candidates failed to recall the formula for finding the mean by the deviation 
method and quartiles. For instance, they used the wrong formulas, such as 

N
fx

Ax ∑+= , 
N

fu
Ax ∑+=  instead of 

N
fd

Ax ∑+= . Not only that, but also 

a few candidates failed to abide by the requirement of the question as they 
computed the mean correctly, but failed to round off the last answer to three 
decimal places. For example, some wrote the mean as 204.1666667 and others 
wrote the mean equal to 204.17. In part (b), a few candidates failed to 
distinguish between the grouped and ungrouped data. That is, some candidates 

used the formula, NQ
4
1

1 =  and 3
3
4

Q N= , then used 36=N  to obtain 91 =Q  

and 3 27Q = . In other cases, some candidates used an inappropriate formula to 

find the quartiles. For example, they used the formula c
n

nbN

LQ
w 














 −
+= 2

1  

which is used to find the Median. Not only that, but some candidates applied the 

wrong formulae for quartiles, such as 1
4 b

w

N n
Q L c

n

 + 
 = +  and 

3

3
4 b

w

N n
Q L c

n

 + 
 = + . In these formulas, the insertion of addition (+) instead of 

minus (-) makes them incorrect. Also, a few candidates used the wrong lower 
boundary for the lower quartile and upper quartile classes. For example, a 
candidate used 149.5 and 249.5 instead of 150 and 250 for the lower and upper 
quartiles, respectively.  
 



27 
 

In part (c), a few candidates faced some challenges while responding to the 
question, such as the wrongly determined position of the 90th percentile. Also, 
other candidates faced the problem of wrong computation while simplifying. 
Not only that, but there were also some candidates who used the incorrect 

formula as 90

90
100 b

w

N f
p L c

f

 + 
 = +  such that the insertion of addition (+)  

instead of minus (-) made it incorrect. Likewise, other candidates used improper 

formulas such as 1
4 b

w

N f
Q L c

f

 − 
 = +  which is used to determine the 1st quartile 

and not the percentile. Extract 4.2 shows a part of the response of a candidate 
who answered this question incorrectly. 
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Extract 4.2: A sample of incorrect responses to question 4 of paper 1 
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In Extract 4.1, the candidate applied incorrect formulae to determine the mean 
and variance in part (a). In part (b), the candidate applied the formula used to 
calculate the median to find the first quartile, which is inappropriate. Also, in 
part (c), the candidate failed to get the 90th percentile due to the improper class. 
 

2.1.5 Question 5: Sets  
The question consisted of parts (a) and (b). In part (a), the candidates were 
required to simplify the sets’ expressions in part (i) ( ) ( )BABA ′∪′∪′∩  and (ii) 

( ) ( )′∩∩′∪ BABA  by using the laws of algebra of sets. While in part (b), the 
question stated: “A survey of 500 students shows that 83 students study 
Economics and Geography, 63 study Geography and Mathematics, 217 study 
Economics and Mathematics, 295 study Mathematics, 186 study Geography and 
329 study Economics. If every student studies at least one course among 
Economics, Geography and Mathematics” to use Venn diagram to find the 
number of students who study; (i) all three subjects and (ii) Economics or 
Mathematics but not Geography. 
 
This question was attempted by 13,755 (100%) candidates. The analysis of the 
data shows that 1,473 (10.7%) candidates scored from 0 to 3 marks and 12,282 
(89.3%) candidates scored more than 3 marks. This indicates that the 
candidates’ performance in the question was good. Figure 6 summarizes the 
candidates’ performance in this question.  

 

 
Figure 6: Candidates' Performance in Question 5 of Paper 1 
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The analysis of the responses shows that most of the candidates who answered 
the question correctly were able to state and apply the laws of algebra of sets to 
simplify the given expressions in part (a). For instance, in part (a) (i), they 
obtained ( ) ( ) ' 'A B A B A B′ ′ ′∩ ∪ ∪ ≡ ∪  and in part (a) (ii), they got 

( ) ( ) '''' BABABA ∩≡∩∩∪ . In part (b), the candidates were able to transform 
the word problem into Mathematical form and present the information in a 
Venn diagram correctly. This indicated that the candidates had good knowledge 
of the concepts tested. Thus, in part (b) (i), they managed to get 53 as the 
number of students who study all three subjects. In part (b) (ii), they got 314 as 
the number of students who study Economics or Mathematics but not 
Geography. Extract 5.1 shows a candidate's response who performed well in 
this question. 
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Extract 5.1: A sample of correct responses to question 5 of paper 1 

 
In Extract 5.1, the candidate was able to use the required laws of algebra of sets 
and managed to simplify the given expressions in part (a). In part (b), the 
candidate used the Venn diagram properly to obtain the number of students 
asked on each part correctly, as seen in part (b) (i). 
 
In spite of the good performance shown by most of the candidates, there were a 
few who performed poorly on this question. This was due to some factors as 
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explained in the following: In part (a), some of the candidates failed to 
differentiate the algebraic laws of sets, such as commutative from distributive 
law, De Morgan’s from complement law, and identity from idempotent law. 
Likewise, other candidates faced challenges due to poor recall of the laws. With 
these misconceptions, a large number of candidates obtained 
( ) ( )A B A B B′ ′ ′ ′∩ ∪ ∪ ≡  in part (a) (i), and in part (a) (ii) 

( ) ( )A B A B B′ ′∪ ∩ ∩ ≡ . In part (b), some candidates used the set formulas to 

solve the problem contrary to the requirement of the question. Also, a few 
candidates drew an improper Venn diagram as they inserted incorrect elements 
in regions of the Venn diagram. Extract 5.1 is a sample response from the 
candidate who performed poorly in this question. 
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Extract 5.2: A sample of incorrect responses to question 5 of paper 1 

 
In Extract 5.1, the candidate failed to use the correct laws in simplifying the set 
expressions in part (a). In part (b), the candidate was not able to correctly locate 
the given information in the regions of the Venn diagram, thus getting a fraction 
of the number of people. 
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2.1.6 Question 6: Functions  
The question was composed of two parts, (a) and (b). In part (a) (i), the 
candidates were supposed to draw the curve of ( ) xxf 3=  and ( ) 3logg x x=  on 

the same pair of axis and in (ii) required them to state how ( )f x  relates to ( )g x  

in 6 (a) (i). In part (b), the candidates were given a function ( )
4

32
2

2

−
−−

=
x

xxxf  

and the requirement was to: (i) find the vertical and horizontal asymptotes for 
( )xf  and (ii) sketch the graph of ( )xf . 

 
The data analysis shows that the question was attempted by 13,755 (100%) 
candidates, whereby 3.8 per cent scored from 0 to 3 marks, 15.3 per cent scored 
from 3.5 to 5.5 marks and 80.9 per cent scored from 6 to 10 marks. In this 
question, 13,229 (96.2%) candidates scored more than 3 marks. Therefore, 
question 6 was among the three questions that were well done in this 
examination. Overall, the performance in this question was the highest. Figure 7 
shows the general performance of candidates in this question. 
 

 
Figure 7: Candidates' Performance in Question 6 of Paper 1 

 
The analysis of the candidates’ responses showed that the question was 
answered well by most of the candidates. For instance, in part (a) (i), the 
candidates drew the curves of xxgxf x

3log)(and3)( ==  on the same pair of 
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axes by using suitable coordinates. In part (a) (ii), the candidates were able to 
realize that the graph of xxg 3log)( =  is the inverse of xxf 3)( =  and xy =  is 
the line of symmetry for the two graphs or ( )f x  and ( )g x  both make 
reflections on the line xy = . 
Also, in part (b), the candidates were able to use the function 

( )
4

32
2

2

−
−−

=
x

xxxf  to find the vertical and horizontal asymptotes as 2±  and 1 

respectively. Again, they found x − intercepts as 1−  and 3  also have 

y − intercept equals to 
4
3  , then they used these information to correctly sketch 

the graph of )(xf . Extract 6.1 shows candidate’s good responses in this 
question. 
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Extract 6.1: A sample of correct responses to question 6 of paper 1 

 
In Extract 6.1, in part (a), the candidate was able to sketch the graph of the 
given functions correctly on the same pair of axes and managed to relate the 
functions of ( )f x  and ( )g x . Likewise, in part (b), they were able to obtain the 
asymptotes correctly for ( )f x  and also managed to sketch the graph of ( )f x . 
 
Despite the good performance shown by most of the candidates there were a 
few who performed poorly in this question. The poor performance was due to 
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several reasons. In part (a) (i), some candidates presented incorrect graphs of 
( )f x  and ( )g x  as they joined the coordinates of the functions incorrectly, 

hence producing straight line graphs instead of curves. Others drew curves of 
the given functions, but they didn’t realize that the graph of ( )f x  has to pass at 
(0,1)  and that of ( )g x at (1, 0) . In part (a) (ii), a notable number of candidates 
stated that; as the graph of ( )f x  increases also ( )g x  increases. Furthermore, 
some candidates equated ( )f x  to ( )g x  therefore, they stated that the functions 

are related by 
)(

log)(
xf
xxxg = . In part (b), some candidates calculated wrongly 

the vertical and horizontal asymptotes. For example, they came up with 4  and 
4−  as vertical asymptotes and 1 as horizontal asymptote, hence sketched an 

incorrect graph. Likewise, others had an inadequate knowledge on sketching the 
graph of the rational function. Extract 6.2 shows a response from one of the 
candidates who performed poorly in this question. 
 

 



40 
 

 

 
Extract 6.2: A sample of incorrect responses to question 6 of paper 1 

 
In Extract 6.1, the candidate drew line graphs instead of curves for the given 
functions in part (a). Also, they obtained the wrong vertical asymptotes and 
rational graph for part (b). 
 

2.1.7 Question 7: Numerical Methods  

This question was divided into two parts; (a) and (b). In part (a), the question 
read as: The area enclosed between 10022 =+ yx , 0≥x  and 0≥y  is divided 
into ten equal intervals. Candidates were required to use the Trapezoidal and 
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Simpson’s rules to approximate the value of π correct to three significant 
figures. In part (b), the candidates had to state which rule in part (a) gives a 
better approximation if the actual value of π is 3.14. 

This question was attempted by 13,755 (100%) candidates. Figure 8 present the 
summary of candidates’ performance in this question. 
 

 
Figure 8: Candidates' Performance in Question 7 of Paper 1 

 
Analysis shows that among 13,755 candidates who attempted the question, 
12,270 (89.2%) scored 0 to 3 marks. 735 (5.3%) candidates scored 3.5 to 5.5 
marks and 750 (5.5%) candidates scored 6 to 10 marks. Therefore, the 
performance of the candidates in this question was weak, as only 10.8% of the 
candidates who attempted the question scored 3.5 marks or more.  
 
The analysis of the candidates’ responses showed that many candidates 
performed poorly in this question. The poor performance was due to several 
factors. In part (a), most candidates failed to identify the lower and upper 

boundaries of the function 2100 xy −=  hence considering 10−  and 10  as the 
boundaries as well as the value of 2h =  instead of 1h = . Those candidates 
didn’t consider the fact that 0and0 ≥≥ yx , thus obtaining incorrect solutions. 
Others used inappropriate formulas; for example, some applied the formula 

used to find the length of an arc, which is [ ]21 ( )
b

a

f x dx′+∫ . Then, firstly they 
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differentiated the equation 10022 =+ yx  to 
y
x

dx
dy −

=  and arranged the original 

equation as 2100 xy −= . Thereafter, continued with 

dx
x

xA ∫ 








−

−
+=

10

0

2

2100
1 . However, the approach was wrong. In part (b), 

most of the candidates failed to state which rule in part (a) gives a better 
approximation. Extract 7.1 shows a sample response from a candidate who 
performed poorly this question. 
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Extract 7.2: A sample of incorrect responses to question 7 of paper 1 

 
In Extract 7.2, the candidate calculated the volume generated by a solid instead 
of the area under the curve and used the wrong limits. 
 
However, there were a few candidates who performed well in this question. In 
part (a), the candidates were aware that the actual value was the area of one 

fourth of the circle, ( )
4
10

4

22 ππ
==

rA  equivalent to π25  (square units). 
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Thereafter, they rearranged 10022 =+ yx  as 2100 xy −=  for 
0and0 ≥≥ yx . By using the Trapezoidal rule 

( )[ ]9211001 ...2
2

yyyyyhA +++++=
 

with 10n =  strips,  0a = , 10b =  and 

1h =  obtained 6131.771 =A  units. But 1A A=  then compared the two areas, 
that is π25 = 6131.77  to obtain 3.10π = . Again with 10n = , 0a = , 10b =  and 

1h =  by using the Simpson’s rule 

( )[ ]8429311001 ...(2...4
3

yyyyyyyyhA ++++++++=  they got 17563.782=A  

units. Then, by comparing this area to π25  they obtained 3.13π = . In part (b), 
the candidates were able to obtain the absolute errors by using the actual value 
of π  as 3.14. Thus, from the trapezoidal rule, the absolute error was calculated 
and obtained as 3.14 3.10 0.04− = . By Simpson’s rule, the absolute error 
obtained was 3.14 3.13 0.01− = . Through these steps, the candidates realized 
that the absolute error of Simpson’s rule is less than that obtained by the 
trapezoidal rule. From this fact, they concluded that, Simpson’s rule has a better 
approximation than the trapezoidal rule. Extract 7.1 shows a sample response 
from a candidate who performed well in this question. 
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Extract 7.2: A sample of correct responses to question 7 of paper 1 

 
In Extract 7.2, the candidate used the correct formulae to approximate the area 
under the curve by applying the Trapezoidal and Simpson’s rules, thus they 
were able to approximate the value of Pie. 
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2.1.8 Question 8: Coordinate Geometry I 
This question consisted of three parts: (a), (b) and (c). In part (a), the candidates 
were given the equation of the circle 013612822 22 =−+++ yxyx  and asked 
to find the Centre and radius of the circle. In part (b), the line 

0121612 =++ yx  was given and the candidates were required to find the 
perpendicular distance from the centre of the circle calculated in part (a). Part 
(c) of the question reads as follows: “The coordinates of points P and Q are 
( )11 , yx  and ( )22 , yx  respectively”. Candidates were required to find the 
coordinates of a point R which divides the line PQ internally in the ratio 

21 : mm . 

The analysis shows that 21.5 per cent of the candidates who attempted this 
question scored from 0 to 3 marks, 22.9 per cent scored from 3.5 to 5.5 marks 
and 55.6 per cent scored from 6 to 10 marks. Generally, the candidates’ 
performance in this question was good, as 78.5 per cent of the candidates got 
more than 3 marks. Figure 9 illustrates the candidates’ performance in this 
question. 

 
Figure 9: Candidates' Performance in Question 8 of Paper 1 

 
The analysis of the candidates’ responses shows that the question was answered 
well by most of the candidates. For instance, in part (a), candidates were able to 
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express the equation of the circle 013612822 22 =−+++ yxyx  in simple a 

form, that is, 0686422 =−+++ yxyx  and used appropriate methods to obtain 
the centre of a circle ( 2, 3)− −  and the radius of a circle (9 units). In part (b), 
they were able to determine the perpendicular distance from the point ( 2, 3)− −  
obtained in part (a) to a line 0121612 =++ yx  by using the formula 

22 BA
CBkAhd

+

++
= . Therefore, they correctly obtained a perpendicular distance 

equal to 3 units. 

In part (c), the candidates proved that ( ) 1 2 2 1 1 2 2 1

1 2 1 2

, ,m x m x m y m yx y
m m m m

 + +
=  + + 

 at 

point R, using the concept of similarity of triangles if ( )11, yxP  and ( )22 , yxQ  

are coordinates of a line segment and R divides PQ  internally in the ratio 

1 2:m m . Extract 8.1 is a sample of responses from one of the candidates who 
performed well in this question. 
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Extract 8.1: A sample of correct responses to question 8 of paper 1 

 
In Extract 8.1, the candidate was able to use suitable methods to determine the 
centre and radius of the circle. Also, by using the centre obtained in part (a), 
they managed to calculate the perpendicular distance from a given line. Finally, 
in part (c), he/she obtained the coordinates of a point R, which divides the line 
PQ internally in the given ratio. 
 
Even though the majority of the candidates provided correct responses to this 
question, a few candidates performed poorly due to some challenges they faced 
while answering the question. In part (a) , they failed to apply the fundamental 
concepts of the circle, which means that for the equation to be a circle, the 
coefficients of 2x  and 2y  must be equal to one. So, those candidates were using 
directly the coefficients of x  and y  from the equation 
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013612822 22 =−+++ yxyx  to calculate the centre of the circle. Thus, they 
ended up getting ( 4, 6)− −  as the centre of the circle, which is incorrect.  
 
In part (b), some candidates failed to calculate the perpendicular distance from 
the centre obtained in part (a) because part (a) was a necessary requirement for 
part (b) of the question to be solved. Likewise, some candidates didn’t 
understand the requirement of the question. For example, one candidate 
calculated the equation of the line instead of the perpendicular distance.  Started 
by differentiating the equation 013612822 22 =−+++ yxyx  to get 

62
24
+

−
=

y
x

dx
dy . Then, at ( 2, 3)− −  they obtained 

3
2  as the gradient. They finally 

calculated the equation of the perpendicular line, xy
2
3

−= , by using 
2
3

−  and 

( 2, 3)− − .  
 
In part (c), the candidates failed to provide correct responses due to the lack of 
knowledge and skills in identifying the point that divided the line segment 
internally in the ratio 21 : mm  . Thus, some students ended up calculating the 

point 







−
−

−
−

=
21

1221

21

1121 ,),(
mm

ymym
mm

ymxmyxR , which divides the line segment 

externally. Extract 8.2 is a sample response from one of the candidates who 
answered this question incorrectly. 
 

 



52 
 

 



53 
 

 
Extract 8.2: A sample of incorrect responses to question 8 of paper 1 

 
In Extract 8.2, the candidate was calculating the equation of normal to the circle 
instead of the perpendicular distance from the given line, in part (b). In part (c), 
the candidate obtained the wrong coordinates of a point that divides the line 
internally. 
  

2.1.9 Question 9: Integration  

This question was composed of two parts, namely (a) and (b). Part (a) required 

the candidates to find the following indefinite integrals: (i) 
1

x dx
x +∫  and (ii) 

2 2e dθθ θ∫ . In part (b), the candidates were supposed to find the volume of the 

solid generated by rotating about the x − axis the area enclosed by 432 =− xy  
and 0=y  between 0=x  and 3=x . 
 
The analysis of the data shows that the question was attempted by 13,755 
(100%) candidates. 49.9 percent of the candidates scored 0 to 3 marks, 14.2 per 
cent scored from 3.5 to 5.5 marks and 35.9 per cent scored from 6.0 to 10 
marks. The data also shows that 1,828 (13.3%) candidates scored 10.0 marks 
while 3,863 (28.1%) candidates scored 0. A summary of the candidates’ 
performance is presented in Figure 10. 
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Figure 10: Candidates' Performance in Question 9 of Paper 1 

 
Further analysis shows that 50.1 per cent of the candidates scored more than 3 
marks. Therefore, the candidates’ performance in this question was average. 
 
The candidates who performed well in this question demonstrated the following 
skills: In part (a) (i), they managed to apply the appropriate substitution 
techniques by considering 1u x= +  thus 2 1u x= +  or 1+= xu . Then, by 

solving the integral, they managed to get ( )
3
2

2 1 2 1
31

x dx x x c
x

= + − + +
+∫ . 

In part (a) (ii), candidates were able to use integration by parts, that is, 
udv uv vdu= −∫ ∫ , to reach the desired solution 

cede ++−=∫ )122(
4
1 2222 θθθθ θθ . In part (b), they were able to use 

2b

a
V y dxπ= ∫  to calculate the volume of the solid generated by rotating about 

the x − axis the area enclosed by 432 =− xy  and 0y =  between 0x =  and 

3x = . Finally, they obtained ( ) ππ
4

1294
3

0

3 =+= ∫ dxxV  cubic units. Extract 9.1 

shows a sample of responses from one of the candidates who performed well in 
this question. 
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Extract 9.1: A sample of correct responses to question 9 of paper 1 

 
In Extract 9.1, the candidate applied the correct techniques to integrate 
indefinite integrals given in part (a) and applied the correct formula to find the 
volume of solid revolution correctly in part (b). 
 
Those who performed poorly in this question had the following weaknesses: In 

part (a) (i), a few candidates defined 
1

)(sin 1

+
=−

x
xx

dx
d  then integrated both 

sides to get cxdx
x
x

+=
+

−∫ )(sin
1

1 . Some of them used the hyperbolic 

substitution by letting θ2sinh=x . By evaluating the integral they got 

cxxxdx
x
x

+−+=
+

−−−∫ )sinh(sinh2)sinh(sinh2)(sinhsinh2
1

1113 . 

Others were rationalizing the denominator of the integral ∫ +
dx

x
x

1
. Finally, 

by manipulating this integral, they obtained cxxxdx
x
x

++
+

=
+∫ 2

2
1

1
. In 
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part (a) (ii), some candidates could not get correct solutions because they were 
using the technique of substitutions instead of integration by parts. Finally, in 
part (b), a few candidates calculated the value of 32 xy −  instead of finding 

volume. That is, they were integrating 32 xy −  from 3to0 == xx  hence 
getting 20.25 as the volume of the solid generated. Those candidates had 
inadequate skills in the application of integration. Extract 9.2 shows the 
response of one of the candidates who performed poorly in this question. 
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Extract 9.2: A sample of incorrect responses to question 9 of paper 1 
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In Extract 9.2, the candidate used a wrong substitution to evaluate the indefinite 
integral. Also, the candidate used a wrong concept to find the volume of the 
solid revolution. 
 

2.1.10 Question 10: Differentiation  
The question consisted of three parts; (a), (b) and (c). In part (a), the candidates 

were required to differentiate 1 1 1tan
1 1

x xy
x x

−  + − −
=   + + −   

with respect to x. In 

part (b), they were required to use the second derivative test to investigate the 
stationary values of the function xxe−3 . In part (c), it was given that, “The air 
pollution index p  in a certain city is determined by the amount of solid waste 
(x) and noxious gas (y) in the air. The index is given by the equation 

2 22 4p x xy xy= + + ”. The candidates were required to obtain the following 

partial derivatives of (i) 
x
p
∂
∂  and (ii) 

y
p
∂
∂  at (10, 5). 

 
This question was attempted by 13,755 (100%) candidates. The analysis of the 
data shows that 7,065 (51.4%) candidates scored 0 to 3 marks, 3,181 (23.1%) 
candidates scored 3.5 to 5.5 marks and 3,509 (25.5%) candidates scored from 6 
to 10 marks. This indicates that the candidates’ performance in the question was 
average. Figure 11 summarizes the candidates’ performance in this question. 
 

 
Figure 11: Candidates' Performance in Question 10 of Paper 1 
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Further analysis shows that 6,690 (48.6%) candidates scored from 3.5 to 10 
marks. Those candidates who performed well in this question had adequate 
knowledge and skills of the concepts tested. In part (a), the candidates attempted 

to differentiate 1 1 1tan
1 1

x xy
x x

−  + − −
=   + + − 

 with respect to x , by first 

rationalizing the denominator of 
xx
xx

−++
−−+

11
11  to obtain  

21 1 x
x

− − . Then 

by differentiating 
2

1 1 1tan xy
x

−
 − −

=   
 

 they obtained 
212

1
xdx

dy
−

= . Others 

applied trigonometric substitution by letting θθ 2cosorcos=x , then by 

simplifying the equation 1 1 1tan
1 1

x xy
x x

−  + − −
=   + + − 

 they obtained 







 −= θπ

4
y . Finally, they differentiated it to get 

212
1

xdx
dy

−
= . 

 
Also in part (b), they were able to use the second derivative test to investigate 
the stationary values of the function xxey −= 3 . Firstly, they obtained 

( )3 3 3 1x x xdy e xe e x
dx

− − −= − = − .Then, at 0=
dx
dy  they obtained 1=x  and 

e
y 3
= . 

Secondly determined xx xee
dx

yd −− +−= 362

2

. Those candidates realized that at 

1=x , 02

2

<
dx

yd  hence concluded that the stationery value of the function is 

maximum. In part (c), the candidates were capable to use the techniques of 
partial derivatives to the equation 2 22 4p x xy xy= + +  at point (10, 5)  hence 

getting 130=
∂
∂

x
p  and 420=

∂
∂

y
p . Extract 10.1 shows the sample response of one 

of the candidates who had adequate skills in the concepts tested. 
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Extract 10.1: A sample of correct responses to question 10 of paper 1 

 
In Extract 10.1, the candidate was able to apply the techniques of differentiation 
properly to solve the given problem in each part. 
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The candidates who performed poorly in this question had inadequate 
knowledge and skills on the topic. For example, in part (a), some of them 

applied 
h

xfhxfhxf )()(0lim)( −+
→=′  and came up with very complicated 

expressions, such as )(tan)( 1 ∞=′ −xf . Others were just adding the numbers 
under the radicals. For example, it was written 




















−++
+−+

=
−++
−−+

= −−

xx
xx

xx
xxy

11
11tan

11
11tan 11 . Finally they obtained 









= −

2
2tan 1 xy  and could not proceed. However, this approach was wrong. In 

other cases, the candidates had problems in rationalizing the given radical, thus 
they could not reach to the required solution. In part (b), some candidates had 
insufficient skills to differentiate the exponential function. For example, they 
wrote xx exey −− +=′ 33 instead of xx exey −− +−=′ 33 , thus obtaining incorrect 
responses. Others failed to define the product rule of differentiation because 
they wrote xx exey −− ×−=′ 33 . With this misconception, it was impossible to 
reach the required solution.  
 
Lastly, in Part (c), a few candidates lacked the required skills on how to find the 
derivative of partial functions. For instance, some candidates started by 
substituting the point (10, 5)  into the equation 2 22 4p x xy xy= + +  followed by 

differentiation. For example, in part (c) (i), they wrote xxp 1102 +=  when 

5=y  then obtained 1102 +=
∂
∂ x

x
p . Likewise, in (c) (ii), it was written as 

24020100 yyp ++=  when 10x =  hence got y
y
p 8020 +=
∂
∂ . In other 

circumstances, few candidates differentiated the given equation as an implicit 
differentiation problem. Extract 10.2 shows a sample response from one of the 
candidates who performed poorly in this question. 
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Extract 10.2: A sample of incorrect responses to question 10 of paper 1 
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In Extract 10.2, the candidate added the radicands instead of rationalizing the 
denominator or numerator as an important step for differentiation, in part (a). In 
part (b), the candidate was not able to use the product rule to differentiate the 
given function. Likewise, in part (c), the candidate failed to apply the required 
techniques of partial differentiation. 

2.2 142/2 ADVANCED MATHEMATICS 2 

2.2.1 Question 1: Probability  

The question comprised three parts: (a), (b), and (c). Part (a) required the 
candidates to prepare the probability distribution table of obtaining 0, 1, 2, 3, 4, 
and 5 defective tomatoes in a random batch of 20 tomatoes for which, on 
average, 15 percent of tomatoes were defective using: (i) Binomial distribution 
and (ii) Poison distribution. In part (b), the candidates were required to compute 
the mean and standard deviation of the two cases, in part (a) and in part (c), they 
were required to find the number of students who scored between 30% and 70% 
inclusive of 100 students in a senior mathematics contest examination for the 
year 2014, with the mean and standard deviation of 64 and 16, respectively. 

The question was attempted by 13,754 (99.99%) candidates. The summary of 
candidates’ performance in this question is presented in Figure 12. 

 
Figure 12: Candidates' Performance in Question 1 of Paper 2 
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The analysis shows that among the 13,754 candidates who attempted the 
question, 9,011 (65.5%) scored 0 to 5 marks. While 2,355 (17.1%) candidates 
scored 5.5 to 8.5 marks and 2,388 (17.4%) scored 9 to 15 marks. Therefore, the 
performance of the candidates in this question was weak since 34.5 per cent of 
the candidates who attempted this question scored from 5.5 to 15 marks. 
 
Most of the candidates who attempted the question encountered some 
challenges that led to a weak performance. One of the challenges faced by them 
is the failure to understand the need of the question, recall it, and write the 
correct formulae. Others applied the correct formulae but failed to apply them. 
For example, in part (a), some candidates used xnx

x
n qpCxXP −== )(  then, they 

substituted 6=n  instead of 20=n . Using these values, they obtained the 
wrong probability distribution table: 

x  0 1 2 3 4 5 
( )P x  0.3771 0.3993 0.1762 0.0415 0.0059 0.0004 

 
Also, there were other candidates who used the wrong formula such as 

11 −− xx
n qpC , and failed to apply it to obtain the values of probabilities associated 

with given values of the random variable X . In part (b), some candidates 
misinterpreted the question and used the wrong formulae to find the mean and 
standard deviation of the distribution. For example, one of the candidates 
applied npXE =)(  and obtained the wrong answer of 3 instead of applying 

∑
=

=
5

0
)()(

i
ii xpxXE  to obtain the correct answer of 2.5662. Likewise, they 

applied npqXE =)(  for standard deviation and obtained the wrong answer of 

1.5969 instead of applying ( )22( ) ( )E x E xδ = − to obtain the correct answer 

of 1.4620.  
 
In part (c), most of the candidates applied the wrong approach to compute the 
probability %)70%30( ≤≤ XP  by using an improper formula. They wrote the 
formula for the probability of non-mutually exclusive events 

)()()()( BAPBAPBPAP ∪=∩−+  and substituted 
10
3)( =AP  and 
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10
7)( =AP  to obtain an incorrect answer of 0.79. Extract 11.1 shows a sample 

of incorrect responses from one of the candidates who attempted the question. 
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Extract 11.1: A sample of incorrect responses to question 1 of paper 1 

 
In Extract 11.1, part (a), the candidate obtained the wrong probability 
distribution tables, and he/she also did not write the formulae used to get those 
probability distribution tables. In parts (b) and (c), the candidate wrote the 
wrong formulae, thus obtained incorrect answers. 
 
On the other hand, the candidates who attempted this question correctly had 
adequate knowledge and skills regarding the topic of probability. In part (a), 
candidates were able to prepare the probability distribution table using the 

correct functions, that is, the binomial distribution given by ( ) x n xn
P x p q

x
− 

=  
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and the Poisson distribution given by
!

)(
x
exp

x λλ −

= . In part (a) (i), using the 

binomial distribution function and the values of 0.15p = , 0.85q =  and 20n = , 
they obtained the required probability distribution table as follows: 

x  0 1 2 3 4 5 
( )P x  0.0388 0.1368 0.2293 0.2428 0.1821 0.1028 

 
In part (a) (ii), using the Poisson distribution function and the value of 

20 0.15 3npλ = = × = , they obtained the required probability distribution table 
as follows: 

x 0 1 2 3 4 5 
P(x) 0.0498 0.1494 0.2240 0.2240 0.1680 0.1008 

 
In part (b), the candidates computed the mean and standard deviation by using 
the probability distribution tables they obtained in parts (a) of Roman (i) and 
(ii), respectively. Based on the binomial distribution table, they calculated the 

mean by applying the formula: 
5

0
Mean ( ) ( )i i

x
E x x p x

=

= = ∑
 

and obtained the 

correct answer of 5662.2 . Then, they calculated the standard deviation ( )δ  

using the formula ( )22( ) ( )E x E xδ = −  and obtained the correct answer of 

4620.1 . For Poison distribution table, they calculated the mean by applying the 

formula: 
5

0
Mean ( ) ( )i i

x
E x x p x

=

= = ∑
 

and obtained the required answer of 

4454.2 . Then, they calculated the standard deviation ( )δ  using the formula 

( )22( ) ( )E x E xδ = −  and obtained the correct answer of 5131.1 .  

 
In part (c), the candidates were able to obtain the required number of students 
who scored between 30% and 70% inclusive by taking 

100%)70%30( ×≤≤ XP . They converted the random variable X  into the Z  

score using the formula i
i

xz µ
σ
−

= , where 64=µ  and 16=σ . Then, they 

obtained =≤≤ %)70%30( XP )375.0125.2( ≤≤− ZP . Using a scientific 
calculator or mathematical table, they obtained 

62938.0)375.0125.2( =≤≤− ZP . With this value, they calculated the number 
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of students in a senior mathematical contest as 63. Extract 11.2 illustrates the 
correct responses from one of the candidates who attempted this question.  
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Extract 11.2: A sample of correct responses to question 1of paper 2 

 
Extract 11.2 reveals that the candidate had adequate knowledge and skills on the 
topic of probability. He/she stated and applied the concepts and formula 
correctly according to the requirements of the question. In part (a), the candidate 
prepared the probability distribution tables correctly. Likewise, in part (b), the 
candidate calculated the mean and standard deviation as required. Lastly, in part 
(c), the candidate obtained the correct number of students. 
 

2.2.2 Question 2: Logic  

This question had three parts: (a), (b), and (c). Part (a) required the candidates to 
simplify )())~(( QPRQP ∧→∨→ using the laws of propositions of algebra. 
Part (b) required the candidates to use the truth table to verify whether 

)~()(~ QPQP ∧≡↔ or not. Part (c) required the candidates to test the 
validity of the argument: “Every time we celebrate my mother’s birthday, I 
always bring her flowers. It is my mother’s birthday or I wake up late. I did not 
bring her flowers. Therefore, I woke up late”. 
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The analysis of the candidates’ responses shows that 13,755 (100%) candidates 
attempted the question. Among them, 10,746 (78.1%) candidates scored from 9 
to 15 marks, 2,249 (16.4%) candidates scored from 5.5 to 8.5 marks and 760 
(5.5%) candidates scored from 0 to 5 marks. Figure 13 illustrates the 
performance of the candidates. 

 
Figure 13: Candidates' Performance in Question 2 of Paper 2 

 
The performance of the candidates in this question was good because 94.5 per 
cent of the candidates who attempted the question scored more than 5 marks. 
 
The candidates who performed well in this question had the appropriate 
knowledge on the topic of logic. In part (a), the candidates used the laws of 
propositions of algebra like De-Morgan, Distributive, Identity, and Complement 
to simplify the compound statement ( )( ) ( )QPRQP ∧→∨→ ~  to obtain 

)( RQP ∨∧ . In part (b), the candidates used the truth table to verify whether 
( ) ( )QPQP ~~ ∧≡↔  or not. They drew a truth table and found that the given 

propositions were not equivalent.  In part (c), the candidates were able to 
change the given argument from verbal form to symbolic form 

RQRPQPRQPS ~,,:),,( ∨→ . After that, some examined the validity 
using the truth table, while others used the laws of propositions of algebra, and 
finally they obtained a valid argument. Extract 12.1 illustrates a correct 
response from one of the candidates who attempted the question correctly.  
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Extract 12.1: A sample of correct responses to question 2 of paper 2 

 
In extract 12.1, the candidate was able to apply the laws of propositions of 
algebra to simplify the given compound statement in part (a). Furthermore, in 
part (b), he/she used the truth table properly and found that the given 
propositions were not equivalent. Likewise, in part (c), they were able to use the 
correct logical connectives to convert the given argument to symbolic form and 
then test its validity using the truth table. 
 
Despite the good performance obtained by the majority of the candidates, there 
were a few who performed poorly in this question. In part (a), some of the 
candidates failed to use the laws of propositions of algebra in simplifying the 
given compound statement; for example, instead of writing 
( ) ( ) )()~(~)()~( QPRQPQPRQp ∧→∨∨≡∧→∨→  definition, they 
wrote ( ) ( ) )()~())()~( QPRPQpQPRQp ∧→→∨→≡∧→∨→  
Distributive law. In part (b), some candidates did not meet the requirements of 
the question by applying the wrong approach. For example, they used laws 
instead of a truth table to verify the equivalence between the given compound 
statements. Furthermore, in part (c), a few candidates failed to understand the 
appropriate logical connectives in formulating the symbolical form of the given 
argument. Extract 12.2 shows a sample of an incorrect response from one of the 
candidates who attempted the question. 
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Extract 12.2: A sample of incorrect responses to question 2 of paper 2 

 
Extract 12.2 shows that, in part (a), the candidate was not familiar with the laws 
of propositions of algebra, hence failed to simplify the given compound 
statement. In part (b), the candidate failed to provide the correct truth table to 
verify the equivalence between the given compound statements. In part (c), the 
candidate failed to use the correct logical connectives while changing the given 
argument into its symbolic form, as a result, failed to test for validity. 

 

2.2.3  Question 3: Vectors  

The question consisted of three parts: (a), (b), and (c). Part (a) required the 
candidates to show the position vectors kji +−2 , kji 53 −−  and kji 443 −−  

mark the vertices of a right-angled triangle. In part (b), the candidates were 
required to express vector PQ  in the form jbia +   where ℜ∈ba, , if vector 

PQ  has a magnitude of 5 units and is inclined at an angle of 150°  to the 
−x axis. In part (c), the candidates were required to determine the work done by 
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forces on the particle displaced by the forces kji 652 +−  and kji −−− 2   from 

point A to point B if the position vectors of points A and B are kji 234 −−  and 

kji 36 −−  respectively. 

The data analysis indicates that out of 13,755 (100%) candidates who answered 
the question, 5,206 (37.8%) candidates scored 0 to 5 marks. While 4,483 
(32.6%) candidates scored 5.5 to 8.5 marks and 4,066 (29.6%) candidates 
scored 9 to 15 marks. A summary of the candidates’ performance is given in 
Figure 14. 

 
Figure 14: Candidates' Performance in Question 3 of Paper 2 

 
The analysis shows further that the performance of the candidates was good, as 
observed in Figure 14, where 62.2 per cent of the candidates who attempted this 
question scored more than 5 marks. 

The candidates who attempted this question correctly were able to go through 
all the steps in each part. In part (a), they were able to show the position vectors 

kji +−2 , kji 53 −−  and kji 443 −−  mark the vertices of a right-angled 

triangle using either the concept of Pythagoras’ theorem or the concept of dot 
product. With Pythagoras’ theorem, they calculated the distances 41AB =


, 
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35AC =


 and 6BC =


, and found that 
2 2 2

AB AC BC= +
  

. In the dot 

product, they obtained 0AC BC• =
 

 which indicates the given triangle is a 
right-angled triangle.  
 
In part (b), the candidates calculated the x  and y − components of the vector 

PQ  as 05 cos150x = ×  and 05 sin150y = ×  to get 5 3 5
2 2

PQ i j−
= +



 
. In part 

(c), the candidates determined the work done using the concept of dot product 
by using the correct formula, W F AB= •




. They calculated F  as a resultant of 

the forces kji 652 +−  and kji −−− 2 ,  and AB


 as the displacement from 

(4, 3, 2)A − −  to (6, 1, 3)B − − . Using the values of F  and AB


, they obtained 
the required value of work done, 17 units. Extract 13.1 shows a sample of 
responses from one of the candidates who attempted this question correctly. 
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Extract 13.1: A sample of correct responses to question 3 of paper 2 

 
In Extract 13.1, the candidate applied the correct concepts of vectors. In part (a), 
the candidate found the lengths of the sides of the triangle using the concept of 
displacement. Then, he/she applied Pythagoras theorem to prove the given 
triangle is a right-angled triangle. In part (b), the candidate resolved the given 
vector into x  and y − components correctly, and in part (c), he/she found the 
work done using the correct method. 
 
Apart from those who attempted the question correctly, there were some 
candidates who performed poorly. The poor performance was due to the 
following factors: In part (a), some candidates determined the unit vectors in the 
direction of the position vectors of the vertices of the triangle instead of 
determining the displacements AB , AC and BC  for which they could use 
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either Pythagoras theorem or the dot product to obtain what was needed. Other 
candidates considered the position vectors of the vertices of the triangle as the 
displacement vectors of its sides. Furthermore, a few candidates used the 
concept of cross product to show that the given position vectors mark the 
vertices of the given triangle, which is the wrong concept. Others calculated the 
area of the triangle using the concept of cross product; they took 

49.14
2
1

=×= baArea . This answer couldn’t help to show whether the triangle 

is a right angle triangle.   
 
In part (b), a few candidates used the concept of dot product to find the 
components of the vector PQ . This concept was wrong as they were supposed 

to resolve 5=AB  into x  and y − components. Others approached this question 

by formulating the equation, 2 2AB x y= +


 which equal to 2 210 x y= +  and 

tan y
x

α =  that is tan150 y
x

= . They solved these equations, ending up with the 

wrong values, 74.2=x  and 59.1−=y .  
 
In part (c), some candidates calculated the work done by using the given forces 
while others applied the cross product instead of the dot product when 

calculated the work done, such as 
124

571
−

−=×=
kji

dFW and obtained an 

incorrect answer of 36.74 units. Also, some candidates wrote the correct 
formula W F AB= •




 but they failed to obtain the correct values of the resultant 

force F  and the displacement AB . They found the difference between the two 
forces as =F kjiFF 73321 −+−=−  instead of adding them, that is 

=F 21 FF + . Likewise, they calculated displacement as 

10 4 5AB a b i j k= + = − −


 instead of AB b a= −


. Other candidates calculated 

the resultant force F  using the dot product of 1F  and 2F . One of the 
candidates obtained 2=F  and the dot product of a  and b  to find the 

displacement AB


 which resulted in 33AB =


. Then calculated the work done 
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by taking 2 33 66W F AB= • = × =


units. Extract 13.2 illustrates incorrect 

responses from one of the candidates who performed poorly in this question. 
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Extract 13.2: A sample of incorrect responses to question 3 of paper 2 

 
Extract 13.2 is evidence that the candidate lacked enough skills on this topic. In 
part (a), the candidate applied the wrong concept and the wrong formula in 
showing whether the given triangle is a right angled triangle. He/she used the 

formula BCABArea .
2
1

=  instead of applying either Pythagoras theorem or the 

dot product. In part (b), the candidate obtained wrong results due to the 
application o the inappropriate concept of a dot product. In part (c), the 
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candidate applied the dot product to find the resultant force as well as the 
displacement.  

2.2.4 Question 4: Complex Numbers 

The question had three parts; (a), (b), and (c). In part (a), the candidates were 

asked to show that 
2

1

2

1

z
z

z
z

=  if 111 iyxz +=  and 222 iyxz += , hence verify 

that 4
3
2
=

+
−

iz
z  represents a circle. In part (b), the candidates were asked to 

express 
i

i
8

4
+
++

αβ
βα  in its simplest form if α  and β  are two roots of the 

equation 0842 =++ zz  without solving the equation. Lastly, in part (c), the 
candidates were asked to find all the complex roots of 13 =z . 

The question was attempted by 13,755 (100%) candidates, 34.9 per cent scored 
from 0 to 5 marks, 25.7 per cent scored from 5.5 to 8.5 marks and 39.4 per cent 
scored from 9 to 15 marks. The candidates’ performance in this question was 
good, as 65.1 per cent of the candidates scored from 5.5 to 15 marks. Figure 15 
provides a summary of the candidates’ performance in this question. 

 
Figure 15: Candidates' Performance in Question 4 of Paper 2 

 
The analysis revealed further that 4.0 per cent of the candidates who attempted 
this question scored 15 marks. They showed a good understanding of the topic 
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as well as how to approach the question according to the requirement. In part 
(a), the candidates were able to apply the concept of modulus of complex 

numbers to show that 
2

1

2

1

z
z

z
z

=  where 111 iyxz +=  and 222 iyxz += . They 

computed 
2

1

z
z  and obtained 

2
2

2
2

2
1

2
1

yx

yx

+

+
, which is equal to 

2

1

z
z

. Then they used 

the concept of 
2

1

2

1

z
z

z
z

=  to prove that 4
3
2
=

+
−

iz
z  represents the equation of the 

circle. On simplifying 4
3
2
=

+
−

iz
z , they obtained 

01409641515 22 =++++ yxyx , which is an equation for a circle. In part (b), 
the candidates were able to determine the sum of the roots, 4−=+ βα  and 

product of the roots, 8=αβ   of the equation 0842 =++ zz  and use them to 

express 
i

i
8

4
+
++

αβ
βα  in its simplest form which is 

2
i .  In part (c), they applied the 

concept of De-Moivre’s theorem, 2 2cos sin
3 3k

k kZ iπ π   = +   
   

 to find all the 

complex roots of the equation 13 =z  which were 11 =z , 
2
3

2
1

2 iz +
−

=
 

and
2
3

2
1

3 iz −
−

= . Extract 14.1 shows a sample of responses from one of the 

candidates who correctly answered this question. 
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Extract 14.1: A sample of correct responses to question 4 of paper 2 

 
In this Extract 14.1, the candidate applied all the necessary concepts and steps 
in approaching each part of the question to obtain the correct answers. For 
example, in part (a), he/she applied the concept of operations on complex 

numbers to obtain a simplified form of the expression 
2

1

z
z , while in part (b), 

he/she determined the values of βα +  and αβ  using the concepts of sum and 
product of roots of quadratic equations. In part (c), the candidate applied the 
concept of De-Moivre’s theorem correctly to obtain the required roots. 
 

However, the analysis indicates that 5.2 per cent of the candidates attempted 
this question incorrectly due to some challenges they faced with complex 

numbers. For instance, in part (a), the candidates failed to show that 
2

1

2

1

z
z

z
z

=  

because they did wrong operations on 
2

1

z
z and wrong computations of 

2

1

z
z . For 

example, they wrote =
2

1

z
z

2

2

2

2

1

1

22

11








+








=

+
+

y
x

y
x

iyx
iyx  and finally provided 
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the wrong conclusion, =







+








2

2

2

2

1

1

y
x

y
x

2
2

2
2

2
1

2
1

yx
yx

+
+ . Other candidates applied the 

wrong operations to =
2

1

z
z

22

11

iyx
iyx

+
+  and obtained an incorrect result, 

1222 yixiyx +− . Not only that, but also they failed to use the relation 
2

1

2

1

z
z

z
z

=  

to verify that 4
3
2
=

+
−

iz
z  represents the equation of a circle. They used the 

wrong computation and ended up with the wrong answer, such as 
i
i

iz
z

3
6

3
2
=

+
− . 

Others wrote 4
3
2
=

+
−

iz
z  and solved this equation, to obtain the wrong result 

02123 ==+ iz  instead of 01409641515 22 =++++ yxyx  to verify a circle. 

 
In part (b), some candidates failed to determine the values of βα +  and αβ  

that could be used to express 
i

i
8

4
+
++

αβ
βα  in its simplest form. They applied the 

concept of the operation of complex numbers to the expression 
i

i
8

4
+
++

αβ
βα ; thus 

they wrote =
+
++

i
i

8
4

αβ
βα

i
i

i
i

8
8

8
4

−
−

×
+
++

αβ
αβ

αβ
βα  and obtained the wrong result, 

64
32884

22

22

+
−−−++

βα
βααβαββα ii . Others applied inappropriate approach; they 

solved the given equation 0842 =++ zz  and obtained 46.1=z  or 46.5−=z .  
 
In part (c), the candidates applied the wrong concept in finding the roots of the 
equation 13 =z ; they substituted iyxz +=  into 13 =z  and obtained 

0133 3223 =−−−+ iyyyixx .  Other candidates applied De-Moivre’s theorem 
wrongly and ended up with wrong results. For example, they wrote 















 +

+





 +

=+ 2
2sin

2
2cos13

1

1
nkinkzk

ππ  and obtained 





+








2
3sin

2
3cos i , 
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 +

+





 +

2
32sin

2
32cos ππ i  and 






 +

+





 +

2
34sin

2
34cos ππ i . Some candidates 

solved the equation 13 =z  as a normal cubic equation without taking into 
consideration the concept of roots of complex numbers, thus obtained 1=z . 
Extract 14.2 is a sample of responses from one of the candidates who used the 
wrong concepts in solving the question. 
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Extract 14.2: A sample of incorrect responses to question 4 of paper 2 

 
Extract 14.2 shows that in part (a), the candidate failed to verify that the given 

equation is a circle when solving the equation 4
3
2
=

+
−

iz
z  as 4

3
2
=

+
−

iz
z . In part 

(b), the candidate solved the equation 0842 =++ zz  instead of finding the 
values of βα +  and αβ  without solving it. In part (c), he/she prepared the 

table of results of the equation 13 =z  instead of applying De-Moivre’s theorem 
to find the required roots, as a result he/she performed poorly in this question. 
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2.2.5 Question 5: Trigonometry  

The question consisted of five parts: (a), (b), (c), (d), and (e). Part (a) required 
the candidates to factorize the expression cos cos3 cos5 cos 7θ θ θ θ− − + . Part 

(b) required the candidate to show that, ( ) tan tantan
1 tan tan

A BA B
A B
−

− =
+

 and then 

find tan y  if ( ) 22tan =+ yx  and 
2
32tan =x . Part (c) required the candidates to 

find the exact values of ( )cos x y+  and )cot( yx −  given that 3sin
5

x =  and 

24cos
25

y = , where x  is an obtuse angle and y  as acute angle. Part (d) required 

the candidates to express xx cos2sin3 −  in the form of ( )β−xR sin . Part (e) 
required the candidates to use the results obtained in Part (d) to solve the 
equation 1cos2sin3 =− xx . 

The analysis of the data shows that 11,381 (82.7%) candidates responded to this 
question, while 2,374 (17.3%) candidates did not answer it. Further analysis 
shows that 13.2 per cent of the candidates scored from 0 to 6.5 marks, 32.9 per 
cent scored from 7 to 11.5 marks, and 53.9 per cent scored from 12 to 20 marks. 
Generally, the performance in this question was good, as summarized in Figure 
16. 

 
Figure 16: Candidates' Performance in Question 5 of Paper 2 
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The candidates who attempted this question well demonstrated necessary 
knowledge and skills on the topic of trigonometry. In part (a), they used the 
concept of factor formulae to factorize the expression 
cos cos3 cos5 cos 7 (cos 7 cos ) (cos5 cos3 )θ θ θ θ θ θ θ θ− − + = + − +  as 















 −







 +

−













 −







 +

2
35cos

2
35cos2

2
7cos

2
7cos2 θθθθθθθθ  and finally 

simplify it to θθθ sin2sin4cos4− . In part (b), they were able to use the 

concept of compound angle formulae by expressing ( ) ( )
( )

sin
tan

cos
A B

A B
A B
−

− =
−

 

to show that ( ) tan tantan
1 tan tan

A BA B
A B
−

− =
+

. Then, they used this result to find the 

value of tan y  if ( ) 22tan =+ yx  and 
2
32tan =x . That is, they formulated the 

equation ( )( )tan tan 2 2= + −y x y x  to compare it with the derived identity. 

Using this equation, they obtained the correct answer, 1tan
8

y = .  

 
In part (c), the candidates were able to compute the values of )cos( yx +  and 

)cot( yx −  using the appropriate concepts. From 
5
3sin =x

 
and 

25
24cos =y , 

taking into consideration that x  is an obtuse angle and y  is an acute angle, they 

calculated the values of 
5
4cos −=x , 

25
7sin =y , 

4
3tan −=x  and 

24
7tan =y . 

Using these values, they managed to obtain the correct values of 

( ) 117cos
125

x y+ = −  and 
4
3)cot( −=− yx . In part (d), the candidates were able 

to express xx cos2sin3 −  in the form of ( )β−xR sin . They expanded 
( )β−xRsin  to xRxR cossincossin ββ − . On equating this expansion to 

xx cos2sin3 − , they obtained 13=R , 69.33=β  and finally they obtained 

( )69.33sin13cos2sin3 −=− xxx  as it was required. In part (e), they used the 
result obtained in part (d) to solve the equation 1cos2sin3 =− xx . They wrote  

( ) 169.33sin13 =− x  and solved this equation using the general solution of the 

sine function to obtain  69.33)1(10.16180 +−+= nnx , where Ζ∈n . Extract 
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15.1 shows a sample of the correct responses from one of the candidates who 
had sufficient knowledge and skills on this topic. 
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Extract 15.1: A sample of correct responses to question 5 of paper 2 

 
In Extract 15.1, the candidate attempted each part according to the requirements 
of the question. In part (a), the candidate applied the factor formulae correctly to 
factorize the given expression, while in part (b), he/she applied the concept of 
the compound angle formula to prove the given identity and solved for ytan . In 
part (c), the candidate applied the appropriate concept to find the values of 

( )cos x y+  and )cot( yx − . In parts (d) and (e), the candidate applied the 

concept of compound angle formulae to the expression ( )β−xRsin  and use it 
to solve the equation 1cos2sin3 =− xx  correctly. 
 
Although many candidates had good performance in this question, there were 
1.6 per cent of candidates who scored 0 marks. These candidates lacked some 
skills and adequate knowledge on the topic of trigonometry. In part (a), the 
candidates failed to use the correct concept of factor formulae to factorize the 
given expression. For example, they wrote cos cos3 cos5 cos 7θ θ θ θ− − + =   

3 3 5 7 5 72cos cos 2cos cos
2 2 2 2

θ θ θ θ θ θ θ θ− − + −       −       
       

 then simplified to 

get 2cos cos 2cos 6 cosθ θ θ θ− . Others factorized the given expression by 
applying the concept of compound angle formulae, such as 
cos cos( 2 ) cos(2 3 ) cos(3 4 )θ θ θ θ θ θ θ− + − + + + =  
cos (cos cos 2 sin sin 2 ) (cos 2 cos3 sin 2 sin 3 )θ θ θ θ θ θ θ θ θ− − − − +  
cos3 cos 4 sin 3 sin 4θ θ θ θ− , but they failed to finish. In part (b), the candidates 

failed to express ( ) ( )
( )

sin
tan

cos
A B

A B
A B
−

− =
−

, which they could use to prove the 

identity ( ) tan tantan
1 tan tan

A BA B
A B
−

− =
+

; instead, they expanded )tan( BA−  
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directly into 
BA
BA

tantan1
tantan

+
− . They also failed to use the identity 

( ) tan tantan
1 tan tan

A BA B
A B
−

− =
+  

to find the value of tan y . Instead, they used 

incorrect identity and wrong manipulation; For example, they wrote 

=+ )2tan( yx
xyyx

yx
y

yx
x

yx
yx

2tan
1

tan
1

tan2tan1
tan2tan

tan
tan2tan
2tan

tan2tan1
tan2tan

+=
+

+
=

+
+

 
and 

finally obtained the wrong result, 
12tan

2tantan
−

=
x

xy .  

In part (c), the candidates failed to use the concepts of obtuse and acute angles 
and compound angle formulae to find the exact values of )cos( yx +  and 

)cot( yx − . They wrote yxyxyxyx sin
5
3cos

25
24sinsincoscos)cos( +=+=+ . 

Others found the value of cos( )x y+  as 9952274.0
5
24

5
4cos)cos( =






 +=+ yx  

and 14611513.33

24
47338999.23

5
4tan

1
)tan(

1)cot( =






 −

−
=

−
=−

yx
yx . 

Likewise, a few candidates approached the question by evaluating the angles x  

and y ; that is, 26.16
25
24cos 1 =






= −y  and 87.36

5
3sin 1 =





= −x . Then, they 

used these values to find the values of )cos( yx +  and )cot( yx −  for which they 
got the wrong values of 6.0  and 659.2 , respectively.  In part (d), the candidates 
failed to obtain the correct expansion of ( )β−xR sin ; they wrote 

( ) xxRxR cossincossinsin βββ −=−  and on comparing, they got the wrong 
results, 3sin =x and 2cos −=β . In part (e), the candidates did not use the result 
obtained in part (d) to solve the equation 1cos2sin3 =− xx . Some used 
Pythagoras identities to transform the equation 1cos2sin3 =− xx  into 

23sin 2 1 sin 1x x− − = , to obtain 213sin 6sin 3 0x x− − = . They solved this 
equation to get 5.49=x  and 46.17−=x  while, others used t-formulae  to 

transform the equation into 
2

2 2

2 13 1
1 1

t t
t t

 −  − =  + +   
 then simplified it to get 

2 6 3 0t t+ − = . Thereafter, they solved the equation to obtain 46.0=t  or 
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46.0
2

tan46.6 =⇒−=
xt  or 46.6

2
tan −=

x  4.49=⇒ x  and 4.162− . Extract 

15.2 shows a sample of parts of incorrect responses from one of the candidates. 
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Extract 15.2: A sample of incorrect responses to question 5 of paper 2 

 
In Extract 15.2 part (a), the candidate failed to use the correct concept of factor 
formulae to factorize the given expression. Likewise in part (b), the candidate 
failed to prove the identity tan( )A B− , thus obtained wrong value of tan y . In 
part (c), he/she recalled correctly the expansion of  cos( )x y−  and cot( )x y−  
but failed to manipulate, which resulted to the wrong answer. 
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2.2.6 Question 6: Algebra  

This question comprised five parts: (a), (b), (c), (d), and (e). In part (a), the 

candidates were required to use the Binomial theorem to expand 2)4(
1

x−
 in 

ascending powers of x  up to the term containing 3x . In part (b), the candidates 

were required to find the partial fractions of the expression 2

2

)1(
12

+
+−

x
xx . In part 

(c), the candidates were required to find the equation whose roots are 1+α  , 
1+β  and 1+µ  if α , β  and µ  are the roots of the equation 012 23 =+− xx . 

In part (d), the candidates were required to find the inverse of 

















−−
−=

223
432
111

A  without using a scientific calculator. In part (e), the 

candidates were required to use the inverse obtained in part (d) to solve the 

following system of simultaneous equation: 








−=+−
−=+−

=++

9423
4432

2

zyx
zyx

zyx
. 

 
The question was attempted by 10,288 (74.8%) candidates, whereby 23.1 per 
cent of the candidates scored from 0 to 6.5 marks, 33.8 per cent scored from 7 
to 11.5 marks, and 43.1 per cent scored from 12 to 20 marks. The candidates’ 
performance in this question was good, as 76.9 per cent of the candidates scored 
from 7 to 20 marks. Figure 17 provides a summary of the candidates’ 
performance in this question. 
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Figure 17: Candidates' Performance in Question 6 of Paper 2 

 
The candidates who performed well in this question had appropriate knowledge 
on the topic of algebra. In part (a), the candidates transformed the expression 

2)4(
1

x−
 into 

2

4
1

16
1 −







 −

x . Thereafter, they expanded 
2

4
1

16
1 −







 −

x  as far as the 

term in 3x  by applying Binomial theorem 

...
!3

)2(
!2

)1(1)1(
32

+
−

+
−

++=+
xnnxnnnxx n  and obtained  

2)4(
1

x−
=

16
1

++
32
x

+
256
3 2x

+
256

3x … .Likewise, others expanded the expression 

( ) 24 −− x  directly by applying Binomial theorem of the form 

...
!3

)2)(1(
!2

)1()(
3322

1 +
−−

+
−

++=+
−−

− xannnxannxnaaxa
nn

nnn  , where they 

replaced a  by 4 and obtained the same answer. 

In part (b), the candidates transformed 2

2

)1(
12

+
+−

x
xx

 
into 2)1(

41
+

−
x

x . Then, they 

applied the appropriate concept of partial fractions to partialize 2)1(
4
+x
x

 
by 
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writing 
( ) ( )22

4 1
( 1) 1 1

x A B
x x x

= − +
+ + +  

. Finally, they obtained the required 

partial fractions as 
( ) ( )22

4 4 41
( 1) 1 1

x
x x x

= − +
+ + +

. Others used an alternative 

method by letting 1+= xy  and substituting this into the equation  2

2

)1(
12

+
+−

x
xx  

to obtain 2

2 1)1(2)1(
y

yy +−−− . Then, they simplified this to 2
441
yy

+−
 
and 

replaced y  by 1+x  to obtain the required partial fractions 2)1(
4

1
41

+
+

+
−

xx
.   

 
In part (c), the candidates managed to apply the correct steps in formulating the 
equation whose roots are 1+α  , 1+β  and 1+µ  whereα , β  and µ  are the 
roots of the equation 012 23 =+− xx . They first determined the sum of 

roots, 1
2

α β µ+ + =  , the sum of product of roots, 0αβ βµ αµ+ + =  and the 

product of roots, 
2
1

−=αβµ
 
of the equation 012 23 =+− xx  and then used 

these to find the sum, the sum of product, and the product of roots of the 

required equation as 
2
7 , 4, and 1 respectively. Using these values, they obtained 

the equation 02872 23 =−+− xxx . In part (d), the candidates applied the 
proper procedures for finding the inverse of the given matrix 

















−−
−=

223
432
111

A . They calculated the determinant, 35=A , matrix of 

cofactors, ( ) =ACof  
















−−
−

527
550
51614

 and adjoint matrix, 

( )
















−
−−=

555
2516

7014
AAdj . From these values, they obtained the required inverse 
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matrix, 1

2 10
5 5

16 1 2
35 7 35
1 1 1
7 7 7

A−

 
 
 
 = − − 
 
 − 
 

. In part (e), in solving the system of equations 

using the inverse matrix obtained in part (d), the candidates arranged the 
equations in matrix form as follows: 

1 1 1 2
2 3 4 4
3 2 4 9

x
y
z

    
    − = −    
    − −    

. The candidates found that the coefficient matrix from 

these equations is not the same as the matrix A  given in part (d). Therefore, 
they commented that the inverse matrix 1A−  could not solve the system of 
simultaneous equations provided. Extract 16.1 shows a sample of responses 
from one of the candidates who performed well in question 6. 
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Extract 16.1: A sample of correct responses to question 6 of paper 2 

 
Extract 16.1 shows that the candidate had enough knowledge and skills in 
algebra. He/she attempted each part of the question using the appropriate 
concepts and steps.  
 
On the other hand, there are some candidates who performed poorly in this 
question. This was contributed by the following factors: In part (a), some 

candidates applied the wrong binomial theorem in expanding 2)4(
1

x−
. They 

stated the binomial theorem as: 
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!3
)3)(2)(1(

!2
)2)(1(

!1
)1()(

331201 yxnnnyxnnyxnxyx
nnn

nn
−−− −−−

+
−−

+
−

+=+ . 

They used this statement and ended up with the wrong expansion 

2)4(
1

x−
=

16
1

++
192

x
−

1536

2x
10240

3x . Likewise, other candidates failed to obtain 

a correct transformation of 2)4(
1

x−
 into 

2

4
1

16
1 −







 −

x . They wrote 

2
2 )4(

)4(
1 x

x
−=

−
 and then applied the binomial theorem to expand 2)4( x− , 

from which they obtained the wrong answer 32 0833.0816 xxx +++ .  In part 
(b), the candidates did not use the correct concepts of partialization. They 

equated the 2

2

)1(
12

+
+−

x
xx  directly to 2)1(1 +

+
+ x

B
x

A  instead of first transforming 

2

2

)1(
12

+
+−

x
xx

 
into 2)1(

41
+

−
x

x .  This led them to wrong results, 
1

3
)1(

4
2 +
−

+ xx
. 

Others did not have enough knowledge of partialization; they wrote 

=
+

+−
2

2

)1(
12

x
xx

)1()1(

2

+
+

+
+ x

CBx
x
A , for which they ended up getting the wrong 

expression 
)1(

2
)1(

1
+
+

+
+ x

x
x

.  

 
In part (c), some candidates equated the expression 12 23 +− xx  to 

dcxbxax +++ 23 ; this couldn’t help in getting the required equation with roots 
1+α  , 1+β  and 1+µ . They ended up writing the values of 2=a , 1−=b , 
0=c  and 1=d . Others approached this problem by solving the equation 

012 23 =+− xx  and got the value of 66.0=x  or ix 65.058.0 ±= . In part (d), 
some candidates failed to abide to the instructions of the question. They did not 
go through the correct steps for determining the inverse of the given matrix A  
instead, they used a calculator to obtain it. Other candidates tried to find the 
inverse through the wrong concepts and steps; they transposed the given matrix 

A  to obtain 
















−−
−=

521
531
321

Transpose . Then, they wrote 
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−−
−=

521
531
321

)(AAdj  and finally obtained the wrong answer, 























−−

−−

−

=−

35
2

35
4

35
1

35
2

35
3

35
1

35
3

35
2

35
1

1A . In part (e), the candidates failed to recognise that 

the inverse of the matrix 1A−  could not solve the given system of equations; 
hence, they solved it and got the wrong answer. Extract 16.2 illustrates incorrect 
responses from one of the candidates who attempted this question. 
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Extract 16.2: A sample of incorrect responses to question 6 of paper 2 

 
In Extract 16.2, the candidate failed to expand the given expression using the 
binomial theorem. He/she failed to partialize the given expression using the 
concepts of partialization. Also, the candidate failed to formulate the expression 
using the roots given as well as determine the inverse of the given matrix. 
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2.2.7 Question 7: Differential Equations  
The question consisted of four parts: (a), (b), (c), and (d). Part (a) required the 
candidates to show that ( )2 cos 3xy Ae x ε= +  where ε  is the arbitrary constant 

is a solution of the differential equation .01342

2

=+− y
dx
dy

dx
yd

 
In part (b), the 

candidates were required to find the general solution of the differential equation 

.sin6232

2

xey
dx
dy

dx
yd x +=++  In part (c), the candidates were required to solve 

the differential equation ,02)12( 2

2

=−−
dx
dy

dx
ydx  given that when 0x = , 2y =  

and .3=
dx
dy  In part (d), the candidates were required to determine the 

population of the village in 2009 if the rate of increase in the population of the 
village was proportional to the number of its inhabitants present at any time, if 
the population of the village in the year 1999 was 20,000 and in the year 2004 
was 25,000. 
 
The analysis of the data shows that 17.8 per cent of the candidates opted for this 
question. Among them, 85.9 per cent of the candidates scored from 7 to 20 
marks. Likewise, the data shows that 14.1 per cent of the candidates scored 
below 7 marks, 21.7 per cent scored from 7 to 11.5 marks, and 64.2 per cent 
scored from 12.0 to 20.0 marks. Generally, the candidates’ performance in this 
question was good, as shown in Figure 18. 
 

 
Figure 18: Candidates' Performance in Question 7 of Paper 2 
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Further analysis shows that, among 2,457 (17.8%) of the candidates who 
answered the question, 288 (11.7%) scored 20 marks. The candidates who had 
high performance attempted each part of the question using the appropriate 
concepts. For example, in part (a), they applied the concept of calculus to show 
that ( )2 cos 3xy Ae x ε= +  is the solution of a differential equation 

.01342

2

=+− y
dx
dy

dx
yd

 
Some candidates differentiated ( )2 cos 3xy Ae x ε= +   to 

obtain 01342

2

=+− y
dx
dy

dx
yd

 
and others integrated 01342

2

=+− y
dx
dy

dx
yd

 
to 

obtain ( )2 cos 3xy Ae x ε= + . In part (b), the candidates solved the differential 

equation xey
dx
dy

dx
yd x sin6232

2

+=++  by resolving it into two parts, 

0232

2

=++ y
dx
dy

dx
yd  and xexf x sin6)( += . For the first part, the candidates 

converted 0232

2

=++ y
dx
dy

dx
yd

 
into the auxiliary quadratic equation 

0232 =++ mm . They solved this equation to obtain 1−=m  or 2m = −  and 

used these values to obtain the complementary solution xx
c eCeCy 2

21
−− += . For 

the second part, they wrote the particular integral as 
xqxpAey x

p sincos ++= . On  differentiating  and substituting py   and  its 

derivatives py′  and py′′  into the differential equation 

xey
dx
dy

dx
yd x sin6232

2

+=++ , they obtained ( )xxey x
p sincos3

10
1

+−+= . 

Finally, they gave the general solution as 

( )xxeeCeCyyy xxx
pc sincos3

10
12

21 +−+++=+= −− .  

 
In part (c), the candidates applied the proper substitutions to reduce the 

differential equation 02)12( 2

2

=−−
dx
dy

dx
ydx  into a first order differential 

equation 02)12( =−− P
dx
dPx , where dyP

dx
= . Then, they solved this equation 

by using an integrating factor to obtain CBxAxy ++= 2 . Using the given 
condition 0x =  and 2y = , they obtained the particular solution 
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2)(3 2 +−−= xxy .  In part (d), the candidates were able to formulate the 

differential equation ky
dt
dy

=  from the given word problem, where y  

represents the population of the village at time t . Thereafter, they solved this 
differential equation to obtain ln y kt c= + . Using the values of 0=t  and 

000,20=y , they obtained )000,20ln(=C  and again with the values of 5=t  

and 000,25=y , they obtained 





=

4
5ln

5
1k . On substituting the values of C  

and k  into ln y kt c= + , they obtained the equation 000,20ln
4
5ln

5
10ln +=y . 

Then, by using this equation, they got the required population of the village, 
which is 31,250. Extract 17.1 shows a sample of the responses from one of the 
candidates who answered the question correctly. 
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Extract 17.1: A sample of correct responses to question 7 of paper 2 
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In Extract 17.1, the candidate approached each part of the question correctly. 
For example, in part (d), the candidate formulated the correct differential 
equation from the given word problem and solved it using the appropriate 
concepts. 
 
In spite of the good performance for the majority of the candidates, 157 (6.4%) 
candidates scored less than 3.5 marks. These candidates had low performance 
due to wrong interpretations of the questions and a lack of knowledge and skills 
on differential equations. In part (a), some candidates applied the wrong 
concepts of differentiation in showing that ( )2 cos 3xy Ae x ε= +  is the solution 

of differential equation .01342

2

=+− y
dx
dy

dx
yd  For example, from 

2

2 4 13 0d y dy y
dx dx

− + = , they wrote 4 13dy dy dy y
dx dx dx

+ − = −  thereafter simplified it 

to get 2 13dy y
dx

− = − . Lastly, they concluded that ( )2 cos 3xy Ae x ε= +  is the 

solution of the differential equation .01342

2

=+− y
dx
dy

dx
yd

 
In part (b), some 

candidates did not have sufficient knowledge of solving second order linear 

differential equations. They wrote y
dx
dy

dx
ydSHL 23.. 2

2

++=  and concluded 

45sin6 2 +xe  was the general solution of the differential equation. Others 
applied the wrong concept to find the particular integral; they wrote the 
particular integral for the exponential function as xkxey =1  instead of xkey =1 . 
 
In part (c), some candidates failed to reduce the differential equation 

02)12( 2

2

=−−
dx
dy

dx
ydx  to first order differential equation 02)12( =−− p

dx
dPx , 

where 
dx
dyP = . Others confused the differential equation 

02)12( 2

2

=−−
dx
dy

dx
ydx  with a linear second order differential equation, and they 

wrote 02)12( 2 =−− DDx . Then neglected )12( −x  and write 022 =− DD . 

They solved it to obtain 0=D  or 2=D  and concluded the solution to be 
xBeAy 2+= . In part (d), some candidates did not formulate the differential 
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equation from the given word problem; they approached the question by 
recalling the formula kteNN 0= . Others confused the given word problem with 

population decay, thus they used the formula of kteNN −= 0  instead of 
kteNN 0= . Then, they solved the problem using kteNN −= 0  and obtained the 

wrong answer (1280.3). Extract 17.2 shows a sample of the responses from one 
of the candidates who attempted the question wrongly in part (d). 
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Extract 17.2: A sample of the incorrect responses to question 7 of paper 2 

 
Extract 17.2 shows that in part (d) of the question, the candidate did not 
formulate the differential equation from the given word problem, and he/she 
applied an inappropriate formula used to find population decay. 
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2.2.8 Question 8: Coordinate Geometry II 
This question had four parts, (a), (b), (c) and (d). In part (a), the candidates were 
required to (i) show that the locus of the point is a circle and (ii) find the centre 
and radius of the circle obtained in (i) if the point moves so that its distance 
from the point (3, 2)  is half its distance from the line 132 =+ yx . In part (b), 
the candidates were required to show that, the equation of a normal at the point 
( cos , sin )a bθ θ  to the ellipse 2 2 2 2 2 2b x a y a b+ =  is 

θθθθ cossin)(cossin 22 babyax −=− . In part (c), the candidates were 
required to find the greatest value of the area of the triangle OQR where O is the 
origin, if the normal at P in part (b) meets the x − axis at Q and the y − axis at 
R. In part (d), the candidates were required to sketch the graph of 

2 2 sin 2r a θ= . 
 

The question was opted for by 3,385 candidates. Analysis indicates that 49.0 per 
cent of the candidates passed. Further analysis shows that 1,727 (51.0%) 
candidates scored from 0 to 6.5 marks, 1,270 (37.5%) scored from 7 to 11.5 
marks, and 388 (11.5%) scored from 12 to 20 marks. Moreover, the analysis 
shows that 124 (3.7%) candidates scored 0 marks, but 2 (0.1%) candidates 
scored all the 20 marks. Generally, the candidates’ performance was average as 
summarized in Figure 19. 
 

 
Figure 19: Candidates' Performance in Question 8 of Paper 2 
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The candidates who performed well in this question were able to apply all the 
necessary concepts to each part of the question. In part (a), they formulated the 
equation of a locus by applying the concepts of a distance between two points 
and a perpendicular distance from a point to a line. Using the mentioned 
concepts and the condition given, they obtained 

( ) ( )2 2

2 2

2 3 113 2
2 2 3

x y
x y

 + −
− + − =  

+ 
. On simplifying this equation, they 

ended up with 2 248 43 308 202 12 675 0x y x y xy+ − − − + = . Using this equation, 
the candidates concluded that, in (i) the locus of the point is not a circle, and (ii) 
the locus has neither centre nor a radius. In part (b), the candidates were able to 
show that the equation of the normal at a point to the ellipse is 

θθθθ cossin)(cossin 22 babyax −=−  by applying the concept of 
differentiation to find the gradient of the tangent and then the normal to the 
ellipse. Some candidates differentiated the equation of the ellipse, 

2 2 2 2 2 2b x a y a b+ =  to obtain 
ya
xb

dx
dy

2

2

−=
 

and then substituted the point 

( cos , sin )a bθ θ  into the derivative to obtain 
θ
θ

sin
cos

a
b

dx
dy

−= . They used this to 

obtain the gradient of the normal and its equation, 
θθθθ cossin)(cossin 22 babyax −=− . However, others differentiated the 

parametric equations θcosax =  and θsinby =  to obtain the gradient of the 

tangent 
θ
θ

sin
cos

a
b

dx
dy

−= . After that, they went through similar steps to obtain the 

required equation, θθθθ cossin)(cossin 22 babyax −=− .  

 
In part (c), the candidates were to find the area of the triangle OQR using its 

vertices (0, 0)O , 






 − 0,cos)( 22

a
baQ θ

 
and 







 −
−

b
baR θsin)(,0

22

 
which were 

obtained by finding the x  and y − intercepts of the normal 

θθθθ cossin)(cossin 22 babyax −=− . Thereafter, they calculated the area of 

the triangle by taking ( )1
2

Area OQ OR= ×  and obtained 

( )2 2 sin 2
4

a b
Area

ab
θ−

= , but for maximum value, sin 2 1θ = , they obtained the 
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maximum area as 
( )2 2

4
a b

ab
−

. In part (d), they prepared the appropriate table of 

values for the equation 2 2 sin 2r a θ=  which equals to sin 2r a θ= ± . That is:  
 

0θ  00 300 450 600 900 1800 

r  0 0.9a±  a±  0.9a±  0 0 

 

Then, they correctly used the ordered pairs ( )θ,r  to sketch the polar graph as 
follows:  
 

-10 -9 -8 -7 -6 -5 -4 -3 -2 -1 1 2 3 4 5 6 7 8 9 10

-10

-8

-6

-4

-2

2

4

6

8

10

x

y

030

015

045

060
075

0195

0210

0225
0240

0255    

 

Extract 18.1 shows a sample of correct responses from one of the candidates 
who attempted this question. 
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Extract 18.1: A sample of correct responses to question 8 of paper 2 
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Extract 18.1 shows the response of a candidate who attempted the question 
correctly. In part (a), the candidate correctly determined the locus of the point 
and concluded that it is not a circle, hence there is no radius. In part (b), the 
candidate was able to show that the given equation is a normal at a point 
( cos , sin )a bθ θ  using the approach of differentiating the equation of the 
ellipse. Likewise, in parts (c) and (d), he/she calculated the area correctly and 
sketched the required graph. 
 
Apart from the performance described above, there were some candidates who 
failed to answer this question correctly due to some challenges. For instance, in 
part (a), some candidates failed to interpret the condition regarding the 
formulation of the equation of the locus. Some wrote 

( )2
2

22 0
2
1

2
1)2()3( −+






 −=−+− yxyx

 
where the point 1 , 0

2
 
 
 

 is the 

x − intercept of the line 132 =+ yx . Then, they simplified this to obtain the 

equation of the circle, 
4

207162333 22 +−−+ yxyx . Other candidates managed 

to write the correct formula but failed to identify the correct substitution, that is 

2 2

2 2

1( 3) ( 2)
2

ax by cx y
a b
+ +

− + − =
+

 then substituted the values as 

2 2

2 2

1 2(3) 3(2) 1( 3) ( 2)
2 2 3

x y + +
− + − =

+
. Thereafter, they simplified this to 

obtain the equation of the circle, 
52
361)2()3( 22 =−+− yx . In part (b), some 

candidates calculated the gradient of the tangent and used it as the gradient of 
the normal, so they obtained the equation of the tangent and not the normal as 
the question instructed. For example, one candidate obtained the gradient of the 

tangent as 
θ
θ

sin
cos

a
b

dx
dy

−=  and the corresponding equation 

abaybx =+ θθ sincos . Then it was concluded that the equation of the normal 

is abaybx =+ θθ sincos  and not θθθθ cossin)(cossin 22 babyax −=− . Also, 
a few candidates calculated the gradient of the normal by taking the given point 

( )cos , sina bθ θ  and the origin (0, 0) ; they obtained 
θ
θ

cos
sin

a
bgradient =  then 

ended up with the equation 0cossin =− θθ byax . Likewise, a few candidates 



148 
 

calculated the equation of the normal by substituting ( cos , sin )a bθ θ  into 
2 2 2 2 2 2b x a y a b+ =  to obtain 22222222 sincos baabba =+ θθ . 

 
In part (c), the candidates obtained the wrong area of the triangle OQR  because 
they failed to find the coordinates of its vertices. For example, some wrote 

heightbaseArea ××=
2
1  then, they took QQOQbase =−== )0,0()0,(  and 

RRORheight =−== )0,0()0,(  which led them to obtain QRArea
2
1

=  units. 

In part (d), the candidates drew the wrong graph of θ2sin22 ar =  because they 
failed to obtain the correct table of values of r  against θ ; some prepared the 
table by ignoring negative values of r  and the constant a . Likewise, others 
prepared the table with wrong values of r  as illustrated in the following table: 

0θ  00 300 450 600 900 1800 

r  0 0.9 1 0.9 0 0 

 
Extract 18.2 shows a sample of incorrect responses from one of the candidates 
who attempted the question. 



149 
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Extract 18.2: A sample of incorrect responses to question 8 of paper 2 
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Extract 18.2 shows that in part (a), the candidate failed to interpret the condition 
given in the word problem, thus determining the wrong equation of the locus 
and obtaining the centre and radius of a circle wrongly. In part (c), the candidate 
failed to interpret the question and ended up considering the triangle in the 
ellipse. In part (d), the candidate obtained the wrong table of values, which led 
to the wrong sketch of the graph. 

 

3.0 ANALYSIS OF CANDIDATES’ PERFORMANCE IN EACH TOPIC 

The candidates were tested in 18 topics, out of which 10 topics were from 
Advanced Mathematics 1 and 8 topics from Advanced Mathematics 2. There 
were ten (10) questions in Advanced Mathematics 1, and eight (8) in Advanced 
Mathematics 2. In Advanced Mathematics 1, the following topics were covered: 
Calculating Devices, Hyperbolic Functions, Linear Programming, Statistics, 
Sets, Functions, Numerical Methods, Coordinate Geometry I, Integration and 
Differentiation. In Advanced Mathematics 2, the topics covered were 
Probability, Logic, Vectors, Complex Numbers, Trigonometry, Algebra, 
Differential Equations and Coordinate Geometry II. 

The topic wise analysis of the performance in the Advanced Mathematics 
papers for 2023 shows that thirteen (13) topics were well performed, three (3) 
topics had average performance, and two (2) topics were poorly performed. The 
topics with good performance in the examination were Functions (96.2%), 
Logic (94.5%), Statistics (91.0%), Sets (89.3%), Trigonometry (86.8%), 
Differential Equations (85.9%), Coordinate Geometry I (78.5%), Algebra 
(76.9%), Hyperbolic Functions (70.0%), Linear Programming (68.0%), 
Calculating Devices (67.4%), Complex Numbers (65.1%), and Vectors (62.2%). 
The 03 topics that had average performance were Integration (50.1%), 
Coordinate Geometry II (49.0%), and Differentiation (48.6%). (See Appendix I) 

The good and average performance in these topics were attributed to 
candidates’ ability on the following: 

(i) Using scientific calculators to perform computations of various 
mathematical expressions involving statistics, matrices, exponential and 
logarithmic functions. 

(ii) Solving problems related to hyperbolic functions, identities and 
integration. 
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(iii) Formulating mathematical models and solving linear programming 
problems graphically. 

(iv) Applying the concepts of statistics to determine the measures of central 
tendency and dispersion. 

(v) Simplifying set expressions using laws of algebra of sets and solve 
related problems using Venn diagrams. 

(vi) Drawing graphs of logarithmic, exponential and rational functions and 
determining the vertical and horizontal asymptotes of rational functions. 

(vii) Using the concepts of coordinate geometry in solving related problems 
such as centre and radius of the circle, equations of tangent and normal 
to conic sections, the perpendicular distance of a point from a line, the 
ratio theorem, as well as curve sketching of polar equations. 

(viii) Using the concepts of calculus to solve related problems such as: 
differentiating some expressions, evaluating indefinite integrals, 
formulating and solving differential equations and applying calculus in 
solving the real life problems. 

(ix) Simplifying logical expressions using the laws of propositions of 
algebra, determine the equivalence between two compound statements 
using the truth tables and testing the validity of an argument by using the 
truth tables or laws of propositions of algebra. 

(x) Using the vector concepts to prove whether the vertices form the right 
angled triangle, resolve the given vector into its components and finding 
the work done by force. 

(xi) Applying the concept of complex numbers as well as solving roots of 
complex numbers. 

(xii) Using the trigonometric identities to simplify, prove and solve the 
trigonometric equations. 

(xiii) Applying the concept of binomial theorem, partializing, formation of 
cubic equation and determining the inverse of matrix and its application 
in solving linear equations. 
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Although many candidates had good or average performance in most of the 
topics, further analysis revealed that there were two topics that the candidates 
performed poorly. These topics are Probability (34.5%) and Numerical methods 
(10.8%), see Appendix I. 

The analysis indicates that weak performance in the topics of Probability and 
Numerical Methods was due to the following: 

(i) Failure to use the binomial and poison distribution functions to prepare 
the corresponding probability distribution tables and computing the 
mean and standard deviation from the probability distribution tables. 
Also, the inability to convert the random variable X to the standardized 
random variable Z and obtain the corresponding probabilities by either a 
calculator or mathematical tables. 

(ii) Failure to identify the lower and upper limits of the area to be calculated 
and applying incorrect numerical integration formulae. 

Primarily, the analysis of candidates’ performance per topic reveals that in the 
year 2023, the performance has dropped in eleven (11) topics as compared to 
the year 2022, as shown in Appendix II.  

 

4.0 CONCLUSION AND RECOMMENDATIONS  

4.1 Conclusion 
Generally, in 2023 the performance in the Advanced Mathematics examination 
has dropped by 1.01 per cent because 96.86 per cent of the candidates passed 
the examination compared to the 2022 performance in which 97.89 per cent of 
the candidates passed. The Candidates’ Item Response Analysis (CIRA) report 
on ACSEE 2023 basically aims to reveal the strengths and weaknesses of the 
candidates’ responses on various items from the topics examined. 

It is hopeful that education stakeholders will make use of the recommendations 
presented in this report to improve the future performance of the candidates in 
Advanced Mathematics examinations. 

 

4.2 Recommendations 
In order to improve the candidates’ performance in Advanced Mathematics 
examinations, the following are recommended: 
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(a) Students should have prior knowledge, basic concepts, techniques, and 
skills on the topics of Advanced Mathematics. Teachers are advised to 
familiarize students with the basics of the topics in real life situations. 

 
(b) All topics and subtopics should be taught effectively and assessed 

frequently, with feedback to learners, to enhance smooth teaching and 
learning processes. 

 
(c) Topics such as Calculating Devices, Differentiation, Integration, 

Trigonometry, and Algebra are the key topics to be emphasized more in 
students learning because they are connected to other topics. 

 
(d) Students should be cultivated with the spirit of self-motivation and higher 

determination of learning future working fields such as planning, 
economics, science, and management. 

 
(e) Parents, guardians, and non-governmental organizations such as financial 

institutions such as banks are advised to support the government's efforts in 
improving the teaching and learning processes. 
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Appendix I: Analysis of Candidates’ Performance on each Topic  
 

S/N Topic 
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Remarks 

1. Functions  6 (P1) 96.2 Good 

2. Logic  2 (P2) 94.5 Good 

3. Statistics  4 (P1) 91.0 Good 

4. Sets 5 (P1) 89.3 Good 

5. Trigonometry  5 (P2) 86.8 Good 

6. Differential Equations 7 (P2) 85.9 Good 

7. Coordinate Geometry I 8 (P1) 78.5 Good 

8. Algebra 6 (P2) 76.9 Good 

9. Hyperbolic Functions  2 (P1)  70.0 Good 

10. Linear Programming 3 (P1) 68.0 Good 

11. Calculating Devices 1 (P1) 67.4 Good 

12. Complex Numbers 4 (P2) 65.2 Good 

13. Vectors 3 (P2) 62.2 Good 

14. Integration 9 (P1) 50.1 Average 

15. Coordinate Geometry II  8 (P2) 49.0 Average 

16. Differentiation 10 (P1) 48.6 Average 

17. Probability 1 (P2) 34.5 Weak 

18. Numerical Methods 7 (P1) 10.8 Weak 
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Appendix II: Analysis of candidates’ Performance on each Topic in the 2022 and 
2023 Advanced Mathematics Examinations 
 

S/N Topic 
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1. Functions  6 60.4 Good 96.2 Good 
2. Logic  2 98.4 Good 94.5 Good 
3. Statistics  4 82.3 Good 91.0 Good 
4. Sets 5 91.4 Good 89.3 Good 
5. Trigonometry  5 92.0 Good 86.8 Good 
6. Differential Equations 7 64.6 Good 85.9 Good 
7. Coordinate Geometry I 8 54.1 Average 78.5 Good 
8. Algebra 6 81.9 Good 76.9 Good 
9. Hyperbolic Functions  2 70.9 Good 70.0 Good 
10. Linear Programming 3 87.8 Good 68.0 Good 
11. Calculating Devices 1 79.8 Good 67.4 Good 
12. Complex Numbers 4 63.6 Good 65.2 Good 
13. Vectors 3 71.9 Good 62.2 Good 
14. Integration 9 22.6 Weak 50.1 Average 
15. Coordinate Geometry II  8 92.8 Good 49.0 Average 
16. Differentiation 10 36.2 Average 48.6 Average 
17. Probability 1 55.0 Average 34.5 Weak 
18. Numerical Methods 7 66.9 Good 10.8 Weak 
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