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FOREWORD

The National Examinations Council of Tanzania is pleased to issue the report on
the Candidates’ Item Response Analysis (CIRA) for the 2018 Advanced
Mathematics Examination. The purpose is to inform teachers, parents, candidates,
policy makers and other education stakeholders of how the candidates answered
the questions. The report will help the stakeholders to take appropriate measures to
improve the candidates’ performance in future examinations.

The analysis of the candidates’ responses is done in order to identify the areas in
which the candidates faced certain problems, did well or somewhat well. Basically,
the report highlights the candidates’ strengths and weaknesses in order to
determine the effectiveness of the education system.

The factors for the poor performance include the candidates’ inability to use
formulae, theorems, axioms, principles and special statistical distributions in
answering the questions. Extracts of the candidates’ responses are included in this
report to illustrate the candidates’ performance in the questions.

The National Examinations Council of Tanzania will highly appreciate any
comments and suggestions from teachers, candidates, other education stakeholders
and the public in general which show areas that need improvement so that future
reports are better than the current one.

Finally, the Council would like to thank everyone who participated in the

preparation of this report.
Y

Dr. Charles E. Msonde
EXECUTIVE SECRETARY



1.0

INTRODUCTION

This report is based on the analysis of the candidates’ performance in the
2018 142 Advanced Mathematics Examination. The analysis highlights
strengths and weaknesses in relation to the candidates’ responses in order to
provide a general overview of the candidates’ performance.

The Advanced Mathematics Examination had two papers: Advanced
Mathematics 1 and Advanced Mathematics 2. Advanced Mathematics 1
had ten (10) compulsory questions with 10 marks each. Advanced
Mathematics 2 consisted of sections A and B. Section A consisted of four
(4) compulsory questions, each carrying fifteen (15) marks. Section B
consisted of four (4) questions, each carrying twenty (20) marks. The
candidates were required to answer any two (2) questions. The questions
were based on the 2009 Advanced Level Advanced Mathematics syllabus.

A total of 11,991 candidates sat for the Advanced Mathematics
Examination, out of whom 10,041 (83.74%) candidates passed. This
performance is better than that of 2017 whereby 74.78 percent of 10,553
candidates passed. This represents 13.62 percent rise in the number of
candidates who sat for examination and 8.96 percent increase in the number
of the candidates who passed. The candidates who passed these
examinations got different grades from grade S to grade A as shown in
Figure 1.
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Figure 1: Distribution of Grades for the 2017 and 2018 142 Advanced

Mathematics Examination.
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The analysis of the candidates’ performance in each question is presented
in section 2.0. The section consists of a short description of the
requirements of the questions and the analysis of how the candidates
responded to the questions. Extracts showing the candidates’ good and poor
performance are included in the analysis. The factors for the candidates’
good or poor performance in each question are given and illustrated using
samples of the candidates’ responses. Therefore, the analysis of each
question could be used by teachers as a guide in their steps to improve
teaching and learning and the candidates’ future examination performance.

The analysis of the candidates’ performance in each topic is shown in the
appendices in which the green colour stands for good performance, the
yellow colour for average performance and the red colour for poor
performance. The percentage boundaries, 0 — 34, 35 — 59 and 60 — 100, are
used to represent poor, average and good performance. Finally, some
recommendations are given at the end of the report. The recommendations
may help teachers and the government to improve the candidates’ future
performance in future Advanced Mathematics examinations.



2.0  ANALYSIS OF CANDIDATES’ PERFORMANCE IN EACH
QUESTION

2.1  142/1 ADVANCED MATHEMATICS 1
2.1.1 Question 1: Calculating Devices

This question had parts (a) and (b). In part (a), the candidates were required to

§ 1
34 5 2 -
%j and (ii) Z xe* Iog(x + 1)3 correct
. + U.

x=0

evaluate the expressions (i) (\/

to four decimal places by using a non-programmable calculator. In part (b), the

candidates were given a=14.2, b=12.6, c=8.4 T =(s(s—a)s—-b)s— c))% and

2s =a-+b+c and were asked to find the value of T correct to four decimal places

by using a non-programmable calculator.

The analysis shows that 11,767 candidates (equivalent to 97.5 percent) attempted
the question; 67.5 scored from 6 to 10 marks and 33 percent scored all 10 marks.
Further analysis shows that 12.6 percent scored from 3.5 to 5.5 marks and that 19.9
percent had unsatisfactory performance, as 12.3 of them scored from 0.5 to 3
marks and the remaining 7.6 percent got 0. As Figure 2 shows, the candidates’
performance was good.

Percentage of Candidates

Scores

Figure 2: Candidates’ performance in question 1.



The candidates who did part (a) (i) well used a non-programmable calculator to do
the calculations involving addition, multiplication and division. They also
computed the n™ root and the fractional exponent of a number correctly.
Additionally, they wrote the final answer in four decimal places. The candidates

1 1
who did part (a) (ii) well formulated a series 0+elog(2): +2e*log(3): from

2 1
> xe* log,(x+1)s by substituting x=0, x=1 and x=3. They also used a non-

x=0
programmable calculator to find the sum of terms and wrote the final answer in

four decimal places. The candidates who did part (b) well could make s the subject

of a, b and ¢ from 2s=a+b+c, enter the values of a, b and c into a non-
programmable calculator to obtain the value of s, find the value of T from the
values of s, a, b and c, and write the answers in four decimal places. Extract 1.1
shows the response of a candidate who answered the question correctly.
Extract 1.1
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Extract 1.1 A correct response from one of the candidates.

The majority of the candidates who did not do part (a) (i) well could not use non-
programmable calculators to evaluate the fractional exponent of a number. They

correctly evaluated the expression \/w but got an incorrect answer of
52.18+0.0724
3
(8.621)(27.34) |°

the expression \/
52.18 + 0.0724

The majority of the candidates who did not do part (a) (ii) well defined a series

2 1
erX log, (x+1)2 using one or two terms by substituting x =0 or x =2 or both,
x=0

ignoring x =1. In part (b), most of the candidates did not use non-programmable
calculators to evaluate expressions with brackets and the fractional exponent as
they obtained the right value of s, but ended up with an incorrect value of T.
Finally, a large number of the candidates could not present the final answer to four
decimals places as they wrote 52.46560778 instead of writing it as 52.4656.
Extract 1.2 shows the response of a candidate who could not answer the question
correctly.



Extract 1.2
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Extract 1.2: An incorrect response from one of the candidates.

2.1.2 Question 2: Hyperbolic Functions

The candidates were required to (a) differentiate cosh® x with respect to X, (b)

solve  the  equation 3005hx+sinhx:% and (c) prove that

sinhtx = In(x ++/X* +1) for all the values of Xx.

The analysis shows that 6.4 percent of the candidates who attempted this question
scored from 0 to 3 marks, 11.9 percent from 3.5 to 5.5 marks and 81.6 percent
from 6 to 10 marks. Generally, the candidates’ performance was very high, as 93.5
percent of the candidates got more than 3 marks. Figure 3 illustrates the
candidates’ performance in this question.
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Figure 3: Candidates’ performance in question 2

The candidates who did the question well had adequate knowledge of the concepts
tested. In part (a), they differentiated the hyperbolic function cosh® x involving

: : dy dy du : 5 .
powers using the chain rule — = — x — and obtained 6 cosh™ xsinh x. In part
dx du dx

(b), they correctly solved the equation 3cosh x + sinh x =§ by replacing cosh x

1 _ 1 _
and sinh x with —(ex+e X) and —(ex—e X) to produce x=1In2 or
2 2

x=-2In2. In part (c), the majority of the candidates defined the inverse

hyperbolic sine function as y = sinh_1 X = sinh y = x. Furthermore, they used

y

the definition of sinhy and the facts that e” > 0 for all the values of y to prove

that sinh‘1x=ln(x+\/x2' +1). Extract 2.1 is a solution obtained by one of the
candidates who answered the question correctly.



Extract 2.1
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Extract 2.1: A correct response from one of the candidates.

One hundred and thirteen candidates (3.1%) scored 0. The candidates did part (a)

badly because they could not differentiate cosh® x with respect to x . For instance,
in differentiating this expression, a significant number of the candidates wrote

d _
ﬂ=6cosh5x. Such candidates applied the formula —(xn):nxn . only

dx dx

because they could not use the chain rule as well. Other candidates confused
differentiating trigonometric functions with hyperbolic functions. For instance,
they incorrectly differentiated coshx to give —sinhx and therefore wrote

d
(cosh6 x) =—6 cosh5 xsinh x. In part (b), some of the candidates incorrectly
dx

defined the concepts of hyperbolic sine and cosine as coshx=£(eX —e‘x) and

sinh x = %(ex + e*X) in solving 3cosh x +sinh x :g . As a result, they got
x = 9.8151 instead of x = 0.6931 or -1.3862. Others inserted the right expressions

for sinhx and coshx into 3coshx+sinhx:% but could not do algebraic
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2X

operations on 3(1(ex+e_x)j+1(ex—e_x):9 to obtain 4e“* —9eX +2=0
2 2 2

which could be solved to get the required values of x. Despite the weaknesses

mentioned many candidates obtained the equation 4e”* —9e* +2 =0 but could not
solve it using one of the quadratic techniques. In part (c), some of the candidates
expressed the given inverse hyperbolic sine as x =sinh 'y but could not replace

. 1oy -y Lo 1oy oy
sinhy with —(e” —e 7). Instead, they replaced it with —(e” +e °). As a
2 2

result, the candidates showed that sinh™Lx = x+ x2—1, instead of showing that

sinh_lx=ln(x+\/x2+1). There were candidates who regarded sinh™x as

2
irrelevant proofs for the given equation and did not score any marks. Extract 2.2 is
a sample response from a candidate who did the question badly.

l(e*—e**), instead of x=sinhy=;(ey—e_y). Such candidates provided

Extract 2.2
2ua cear b .
led N = Ceu bt x .
dy = ESGinbsSX
A=
co  dy - & SwmwbLES X
d=

Extract 2.2: An incorrect response from one of the candidates.
2.1.3 Question 3: Linear Programming

The question read "Mama Lishe has 140, 80 and 130 units of ingredients A, B and
C. A piece of bread requires 1, 1 and 2 units of A, B and C. A pancake requires 5,
2 and 1 units of A, B and C, respectively." The candidates were required to (a)
formulate the linear inequalities that satisfy these conditions if x and y are the
number of pieces of bread and pancakes, respectively, (b) draw a graph which
shows a region representing values of x and y, (c) find the number of each snack
that should be baked in order to maximize the gross income, given that the price
for a piece of bread is 300/= and a pancake is 500/= and (d) find the gross income.
11



The question was attempted by 11,575 candidates; out of whom, 6.4 percent scored
from 0 to 3 marks, 16.9 percent from 3.5 to 5.5 marks and 76.8 percent from 6.0 to
10 out of 10 marks. This is the question in the entire examination which the
candidates did very well, as 93.7 percent of the candidates scored more than 3
marks. Figure 4 is a summary of the candidates’ performance in this question.

100
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76.8
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Figure 4: Candidates’ performance in question 3.

The analysis shows that 26.6 percent of the candidates answered the question
correctly and scored all 10 marks. These candidates wrote the constraints as a
system of linear inequalities in part (a). The formulated linear inequalities were
X+2y <80, 2x+y <130 and x + 5y <140. In part (b), the candidates found the
set of a feasible solution that graphically represents the constraints obtained in part
(@) and calculated the coordinates of the vertices from the feasible solutions and
got (0, 0), (65,0), (60, 10), (40, 20) and (0, 28). In part (c), the candidates wrote

the objective function as f(X, y)=300x+500y and computed the value of
f(x,y)=300x+500y at each of the vertices to determine the number of each

snack to be baked in order to maximize the gross income. Extract 3.1 is taken from

the answer booklet of a candidate who answered the question correctly.
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Extract 3.1
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Extract 3.1: A correct response from one of the candidates.

In spite of the good performance, there were candidates who got the question
wrong. In part (a), they failed to identify the set of linear inequalities which satisfy
the given conditions. For example, they presented the inequalities as x+2y >80,
2X+Yy>130 and Xx+5y>140, instead of presenting them as Xx+2y <80,
2X+Yy <130 and x+5y <140. Further analysis indicates that some of the
candidates formulated the linear inequalities correctly but shaded them wrongly.
As a result, they got an incorrect feasible region and incorrect corner points.
Furthermore, some of the candidates wrote a system of linear equations
X+2y =80, 2x+y =130 and x+5y =140 instead of inequalities. Thus, they did
not get a feasible region. Such candidates could not distinguish between equations
and inequalities. Another serious mistake that the candidates made frequently was
using inequalities as labels of lines on the graph. Extract 3.2 is a response from a

candidate who got the question wrong.
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Extract 3.2
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Extract 3.2: An incorrect response from one of the candidates.

2.1.4 Question 4: Statistics

The candidates were given the following frequency distribution table, which

represents a class of 100 students:

Class

1-10 | 11-20

21-30

31-40 | 41-50

51-60

61-70

71-80

81-90

91-100

Frequency

t-2 1

20

t+2 t

t+3

23

11

t+4

13

In part (a), they were required to determine the value of t. In part (b), they were

required to find (i) the mean, (ii) the standard deviation, (iii) the mean deviation

and (iv) the median correctly to two decimal places.

The question was attempted by 11,938 candidates (99.0%), out of whom 62.9

percent scored from 6 to 10 marks and 3.1 percent scored all 10 marks. Further

analysis shows that 29.2 percent of the candidates had average performance; their

scores ranged from 3.5 to 5.5 and 7.9 percent from 0 to 3 marks. Generally, the

candidates’ performance was good, as Figure 5 shows.
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Figure 5: Candidates’ performance in question 4.

The candidates who did part (a) well formulated the equation
(t=2)+(1)+(20)+(t +2)+(t)+(t+3)+(23)+(11)+(t+4)+(13)=100, solved it and got
t=5. The candidates who attempted part (b) correctly created a table with

columns whose headings are class intervals, frequency (f ), class marks (X), X,
fX? and f‘X —Y‘, and used an appropriate formulae to compute the mean,

standard deviation, mean deviation and the median correct to two decimal places as
58.10, 25.56, 21.89 and 63.11. Extract 4.1 is a sample solution obtained by a
candidate who answered question 4 correctly.

Extract 4.1
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Extract 4.1: A correct response from one of the candidates.

On the other hand, the majority of the candidates who did part (a) of this question
badly could not produce the equation 5t+75=100. As a result, they got an
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incorrect value of t, wrong data in the frequency distribution table and wrong
values of the measures tested in part (b). In addition, most of the candidates used

wrong formulae to calculate the median and the mean deviation. Thus,

N X L. f(X —X)?
ot 21 }C ' Mean deviation = w and  Mean deviation = Z(N)
f

m

Median = L +[

were common in the candidates’ responses. Some of the candidates calculated the
upper boundaries of class intervals instead of class marks, while others used the
formula of mode to calculate the median. Moreover, other candidates used the
correct formula but did not identify the median class and the right class size c. For
example, they wrote ¢ =70—-61=9, instead of writing ¢ as 70.5—-60.5=10. It is
surprising, however, that several candidates did not convert the final answers to
two decimal places as instructed. Extract 4.2 is an example of an incorrect response
from a candidate who got the question wrong.

Extract 4.2

C = b-2 4+ {+20+1 -+ 4+t +1 %3 v+a23+\Ltbxg + (7
'C - ct+ &4 3¢

O = 5t+ea 16
S5t = 49
5 G

Lt =%
s s

t =12

4 The valce of T = 15

Extract 4.2: An incorrect response from one of the candidates.

2.1.5 Question 5: Sets
This question had parts (a), (b) and (c). In part (a), the candidates were required to
simplify A—(A— B) using properties of sets. Part (b) required the candidates to

shade the set A’ m(B —C). Part (c) of the question read "In a survey of 500 movie
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viewers, 250 were listed as liking ‘zecomedy’, 200 as liking ‘zembwela’ and 85
were listed as liking both ‘zecomedy’ as well as ‘zembwela’.” Thus were required
to find the number of people who were liking neither ‘zecomedy’ nor ‘zembwela’

by using an appropriate formula.

The question was attempted by 99.0 percent of the candidates, out of whom 8.5
percent scored from 0 to 3 marks, 22.5 percent from 3.5 to 5.5 marks and 69.0
percent from 6.0 to 10. The candidates’ performance was good, as 91.5 percent of
the candidates scored more than 3 marks. Figure 6 is a summary of the candidates’
performance in this question.

100 -
90 -
80
70 -
60 -
50
40
30 - 22.5
20
10 -

o N

0-3.0 3.5-55 6.0-10.0
Scores

Percentage of Candidates

Figure 6: Candidates’ performance in question 5.

As indicated in Figure 6, the majority of the candidates had good performance.
These candidates simplified A—(A—B) into A B using the laws of sets in part

(@). In part (b), most candidates presented accurate Venn diagrams of A"~ (B - C)

which were correctly labelled and shaded. In part (c), the candidates identified the
number of movie viewers, the number of people liking ‘zecomedy’, ‘zembwela’ as
well as the number of people liking both ‘zecomedy’ and ‘zembwela’. They
substituted the numbers correctly into the formulae n(AnB')=n(U)-n(A)-n(B)+n(AnB) and

obtained 135, which was the number of people liking neither ‘zecomedy’ nor
‘zembwela’. Extract 5.1 is a sample response taken from the answer booklet of a
candidate who answered the question correctly.
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Extract 5.1

5 &) SS\V\ .
A — (A—L)
LeA— p=A—-R
= P = AQR — ALKohw T Xy %oy
= A — P — A‘ﬂP/ ——-fir]zgwu(f\'\'uw Gi;';(f\j = X n\y!

= A-(A-2) = An

(A’UR) —De Moya |l
A7) U (A0 R)— Dbiabhive |

= AN
— (AN

¢ v (AnR) —Cemgliment
- v
— ANE —Trientm loawu
> A~(~A—@) - ANQ
(L) Qecuﬁm‘,lm;l‘u dade AMN(R—cD
R-—c = K0d ‘-A_QL'_,E)'MHM K ¥-y= X OV
S ANB-) = AN ) =@Aue 0l
Skt A, R o~ 4 < )
PN ™
4 \ YA
C—‘\_——F 1 J—\ } l )
1 N A
Tl %
Y A -
g ANR—c) ¢  Clhadod -
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w (2 — 260
nANL) = g
Poiuired: n(ave)’
=l 83

N(AUR) = nlADYTWNLRY — WIANR)
T 20b 206 — £&
— 2L

Sn (AvR)Y = n(Mm)— nla)
— Sve — 24T

— 125 vieame
WA 2e prdelal — AT pecplx .

Extract 5.1 A correct response from one of the candidates.

Despite the fact that many candidates had good performance, a total of 1016
candidates (8.5%) scored from 0 to 3 marks, out of 10 marks. These candidates
faced the following challenges. In part (a), some of them presented A—(A— B) as

Au(Au B’), instead of presenting it as AnN(ANB'). They should have

known that A—B = AnB’. Others used logic symbols such as AA ~ (~ Av B)

to simplify A—(A— B). This means they lacked knowledge of the tested topic. In
part (b), most of the candidates presented A’ (B—C) as A'n(BNC’) but could

not shade the right region. Extract 5.2 illustrates such case. Moreover, several
candidates could not draw the intersecting circles of Venn diagrams and others did
not enclose the circles using either a rectangle or a square, i.e. they left them
hanging. In part (c), some of the candidates used Venn diagrams to solve the
problem, although the question required them to use an appropriate formula to do
so. Others found the number of viewers who liked either ‘zecomedy’ or
‘zembwela’ but did not proceed further to the final answer. The candidates were
required to insert the number of viewers liking either ‘zecomedy’ or ‘zembwela’

into the formula n(AU B) = n(U)-n(AUB) so as to obtain 135.
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Extract 5.2
b) Al n (8c) -
Al n C&nc’)

(i

I
=<
&

Extract 5.2: An incorrect response from one of the candidates.
2.1.6 Question 6: Functions
The question had parts (a) and (b). In part (a), the candidates were required to (i)
show that f og(t)=go f(t) given the functions f(t)=e' and g(t)=Int and (ii)
find the values of a and b if f(t)=at,g(t)=bt*+3, (fog)(2)=35 and

3
and were

(ge f)(3)=75. In part (b), the candidates were given f(x)=1 X

2

required to (i) find the horizontal and vertical asymptotes of f(x), (ii) sketch the

graph of f(x) and (iii) state the domain and range of the function f(x).

The question was attempted by 98.9 percent of the candidates, out of whom 14.5
percent scored from 0 to 3 marks and 0.8 percent scored a 0 mark. Notably, the
percentage of the candidates who scored more than 3 marks is 85.5, which

indicates that the candidates’ general performance in this question was good.

This performance is a result of the candidates' ability to evaluate the expressions

for composite functions fog(t) and gof (t) from f(t)=e'and g(t) =Int to get t

and to write the statement fog(t) = gof (t) =t in order to conclude the verification.

The candidates who did part (a) (ii) well formulated the composite function

fog(t) =abt*+3a from f(t)=at and g(t)=bt*+3, formulated two equations
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35=4ab+3a and 3ab+a=25 from fog(2)=35 and gof(3) =75, and solved

the equations simultaneously to get a=1 and b =8. The candidates who attempted
part (b) (i) could divide the numerator by the denominator of the rational function

3
X

> to get an oblique asymptote of y=—x and solve the quadratic equation
1-x

1-x*=0 to get vertical asymptotes x=1 and x=-1. In part (b) (ii), the
candidates sketched the dotted lines of asymptotes on an Xy plane and traced the
path of the f(x) in all three regions of the xyplane, namely x<-1,
—l<x<land x>1. In part (b) (iii), they stated the domain and range of the
function correctly.

Extract 6.1

¢ (a) | (i Y = ok, ql&) = bx> +2
Find ey
feoq = a (bt +2)>
- = oLt $2q.
buk \1“0(’](. ) = 25
25 = obhLa)? A+ 20
2s = “Galb 4+ 2a - - -
ol s \-‘{)—OQ (z2) = V5.
Ly IS = albL 3D * +2aA.
2 < = Aat, -+ 2a - - W)
Selue ot anes vd ly
— [9ab +3a = 7S
Laak +~2a = 25
Sal. = 4 o
ab = 2.
o= 2/ ded<o © g n P
L
2s = A2\ b A3 2N
) ~ /)
2E = 22 + 24
L
25 — 2206 -+ 24
3L = 244
L = 2 ()
C\u\(t oo o= 2 )/
[
A= 2, — (o
7R
. a = Avief b = 2




e(b) X)) = x 2
‘ L= x &
“‘> RNoijacnt v 'ZkamMﬂTcJ‘
4 = x3
V- x 2
= X<
Y —xiy
X= /)(1
v = X
S =1
&S X 0 £
vy = X
S~
Uy = - X
Vet I'KR,{ d ij,'\,f:\}-et € -
(et DC,ch\\w\m‘ncx;fC._Ly_) a D
{l-—x2=c¢
vz = |
X = T A
X = | ev ¥= o=
:‘EH'\L’\ ¥ und v/ \‘(\H((@ﬁ*‘
Toinbercepd | Y=o
O = xi
L~ X<
X = & Yiontencepd (C?‘}O\
Arintecepdt | ¥ 20 - '
S O — oy
{~0o
Yitewepd (0,0 )
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Dﬂ'»t\éw_ = ¢ all weal nvabe s 9.

Extract 6.1 A correct response from one of the candidates.
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On the other hand, 91 candidates (0.8%) scored zero. The analysis shows that such
candidates committed various serious errors. In part (a) (i), a significant number of
the candidates arrived at the expressions e and Ine' but could not simplify them
so as to get the lowest term of t. These candidates could not apply the laws of
exponents and logarithms. Further analysis shows that other candidates expressed
fog(t) as (e")(Int) and go f(t) as (Int)(e'), which means they could not
manipulate composite functions. Several candidates lost some or all the marks in
part (b) (ii) because they committed minor errors in formulating fog(t) or
substituting fog(2)=35 or fog(3)=75 with fog(t) and in solving the
simultaneous equations 35 =4ab + 3a and 9ab+3a=75. The poor performance
in part (b) (i) was due to the candidates’ inability to divide the numerator and the

denominator by x*, to understand the concept of limits of f (x) as x becomes

positively or negatively large or to treat 1—x* =0 as a quadratic equation. Hence,
they ended up with x=1 and ignored x=-1. Some of the candidates did not
appreciate the classification of asymptote because they classified the oblique
asymptote y =—x as a horizontal asymptote. The errors in part (b) (ii) were caused
by the unclear answers in part (b) (i). Furthermore the candidates could not plot the
dotted lines of asymptotes. In part (b) (iii), the mathematical language usually used
to state the domain and range of f(x) was a major challenge among the
candidates. Extract 6.2 is a solution of one of the candidates who got the question

wrong.
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Extract 6.2

& |a)
1w Flzat gz b%2

fea () =
a(b*+3) =35
a (b%3)2
(abt+3a)2 23S '
2abhtta=3S ~ -~

O (b2 =75
(ah? 223 =2S gy
2abtfqa = 7¢ ——-Gp
[?64L1+6G - 24" — o))
Rabl 49 = 76 — Y
Bag-94 = 2348
=G = “IlLtO
Q= 4o/
23
L/_ \1>2+@/40/\ 25

401 LED= 3_(

LLobe = ~q”
\/IDL‘:. i; Q)
J 49

b= %

Extract 6.2: An incorrect response from one of the candidates.

2.1.7 Question 7: Numerical Methods
This question had parts (a) and (b). In part (a), the candidates were required to

approximate the value of J' —dx correct to four decimal places by using (i) the

Trapezoidal rule with five ordinates and (ii) the Simpson’s rule with five ordinates.
In part (b), the candidates were required to evaluate the exact value of the integral

I —dx and then compare the answer with those found in part (a).
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The question was attempted by 94.7 percent of the candidates, out of whom 19.0
percent scored from 0 to 3 marks, 13.1 percent from 3.5 to 5.5 marks and 67.9
percent from 6 to 10 marks. Generally, the candidates’ performance was good, as
81 percent scored from 3.5 to 10 marks. Figure 7 is a summary of the candidates’
performance in this question.

100 -
90 A
80 -
70 ~
60
50 A
40 A

30 - 19
20 - 13.1

0 -
0-3.0 35-55 6.0-10.0
Scores

Percentage of Candidates

Figure 7: Candidates’ performance in question .

The analysis shows that there were 2592 candidates who scored full marks. This
indicates that they had good knowledge of numerical integration. These candidates

demonstrated the following strengths: In part (a), most of them substituted a = 3,
b—
b=7 and n=5 into the formula h _>a to obtain the value of h as 1,

constructed a table of values with correct entries for x and y, and used a table of

values and the Trapezoidal rule A= g[y0 +y,+ 2(y1 +y,+ y3)] to approximate the

value of Jzizdx to four decimal places. Similarly, in part (b), most of the
X_

candidates were familiar with the Simpson’s rule. Thus, they used the table of

h
values in part (a) and the formula Az—[yo + Yy +4(y1+ y3)+2y2] to
3
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approximate [:dex to get 1.6222. In part (c), most of the candidates replaced
X_

X — 2 with u and therefore it was easy for them to obtain 1.6094 as the exact value

of .‘:%dx' The candidates then evaluated the error in relation to the Simpson’s
X —

rule and the Trapezoidal rule. Finally, they concluded that the Simpson’s rule is

more accurate than the Trapezoidal rule (see Extract 7.1).

Extract 7.1
, P
Fe). o | 3 | 1S c ¥
Yy 1 0'S 33331 10§ O'2
br b?_ a3 i ULP bﬂ:
y i 1
_J__(i) ﬁ) QI/\J .Ti?wfez_..\“c’aj \‘uﬂe
i o~ - N\
,A '-‘_d_" ( E’J] "’950 haw szﬂ—\mmff\:‘\ B(‘C!\‘ﬁdrf)
ol = e
A= +=3. = . = |.
N b €5 h\\ﬁ\‘b.f: l‘P J'P
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A= t'( |02 €2 fc‘.(‘—? o'?}_?}fa‘g,r\]
2 \ \ //
L=t [ 203600 =
~ 5 U J
LA- 16§22
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| = 1'6¢&33
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A ﬁ]\ - n:,\,\ _[imq)_gan . '(LJQ - Cl\ |
— - = +.2% od P o> Cven,
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Extract 7.1 A correct response from one of the candidates.

In spite of the good performance, 2169 candidates did not answer the question
correctly. In parts (a) and (b), most of them did not subtract 1 from the number of

ordinates so as to get the number of strips (5-1=4). Thus, they used a formula like

b-a b-a | b-a
h = or h= instead of h =
n n+1 n-1

candidates ended up getting either h =0.8 or 0.6667, instead of getting h=1.

to find the width of the strips. Such
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Hence, they got incorrect approximations for '[ —2dx in both the Simpson’s and

the Trapezoidal computations, as Extract 7.2 shows. Further analysis indicates that
some of the candidates used wrong  formulae, such as

h h
A=—[y0+y4+(y1+y2+y3)] and A=§[yo+y4+2(y1+yz+y3)], to

approximate the value of j —zdx and that others computed the value of h and

the table of values correctly but interchanged the Simpson’s rule with the
Trapezoidal rule during the computations. Also, several candidates computed

I — dx correctly but failed to approximate their answers to four decimal places

as mstructed. In addition, many candidates did not evaluate the value of h between
the indicated limits of integration. This is because they started at x =0, instead of
starting at x = 3, possibly from the yo in the formulae. In part (c), some of the

candidates could not find the actual value of I —dx This means they lacked

the knowledge and skills for doing integration using substitution techniques.
Moreover, some of the candidates compared the value obtained by using the
Trapezoidal rule with the value obtained by using the Simpson's rule, instead of
comparing both values to the exact value of the definite integral.
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Extract 7.2
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Extract 7.2: An incorrect response from one of the candidates.

2.1.8 Question 8: Coordinate Geometry |

This question had parts (a), (b) and (c). In part (a), the candidates were instructed

that the circles x*+y®>—2y—8=0 and x*+y®—24x+hy=0 cut orthogonally

and were asked to determine the value of h. In part (b), the candidates were

required to find the equation of normal to the circle x*+y? —4x—6y+9=0

passing through the point K(7,4). In part (c), the candidates were asked to
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calculate the area of the triangle whose vertices were the points K(3,5), K(4,2)

and K(6,3).

The question was attempted by 10,894 candidates (90.3%). Of them, 50.0 percent
did well, 4.6 percent scored all 10 marks, 29.9 percent had average performance
with scores ranging from 3.5 to 5.5, 20.2 percent did badly and 6.0 percent got 0.
Generally, the candidates had good performance in this question. Figure 8 is a

summary of the candidates’ performance.
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Figure 8: Candidates’ performance in question 8.
Part (a) was attempted by a large number of candidates. The two formulae for
finding h which were given in the marking scheme were d2:r12+r22 and
c,+¢, =2ff,+29,0,. The majority of the candidates preferred the latter to the
former. The candidates who attempted part (a) correctly determined the values of
¢,9,f and ¢,g, f, from circles x°+y*-2y-8=0 and
x> +y?—24x+hy=0. After appropriate substitution, they got h=8. The
candidates who did part (b) very well could find the centre of the circle

X*+y?—4x—-6y+9=0 as (2, 3). They also obtained the equation of normal
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using centre (2, 3) and the point K(7,4) as x —5y +13=0. The candidates who

did part (c) well used either the formula A:;[xl(yz—y3)+x2(y3—y1)+xg(y1—y2)} or

X
Lo XV
1% Yo 1 i .
A== or A==|X, Y, to calculate the area of a triangle with
21X3 Y3 2 y
X Y 3 Y3

A(X,Y,), B(x,,y,)and C(x,,Y;). A sample solution from a candidate who

performed the question well is given in Extract 8.1.

Extract8.1'
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Extract 8.1: A correct response from one of the candidates.

On the other hand, a significant number of the candidates got low marks. In part
(a), they used wrong formulae, such as cc,=r’+r°, cC,=r+F,, =,
cc,=2ff,+29,0, and c, —c,=29,9,—2f f,, to find h. Though the sub-
section of the question was not too demanding, some of the candidates derived the
formula r” +r,* = @2 from the general equation of the circle (this was wastage of

time!) and others subtracted the equation of one circle from the other. Hence, they
ended up with the equation of the common chord, which was not required. In part

(b), most of the candidates substituted K(7,4) to the expression g_y:;‘—zz
X 2y-

which they had obtained by differentiating the equation of the circle

x? +y? —4x—-6y+9=0. This might have been correct if K(7,4) satisfied the

equation x*+y*—4x—-6y+9=0. But the point (7,4) did not do so. The
candidates should have known that the normal lines to a circle pass through the
centre of the circle. In part (c), several candidates scored low marks because they
did not relate the distance between two points and the perpendicular distance of a
point to a line so as to compute the area of the given triangle. Furthermore, most of
the candidates regarded the given triangle as being right-angled, although it was

not. Such candidates used only the distance formula and Area :%x base x height
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to find the area of the triangle. Hence, they got incorrect values of the area,

including 5.7009 square units, 2.5 square units and J26 square units, rather than

getting 3.5 square units. Other candidates used the following incorrect formulae:

XX Y oA XX Y
11X Y,
A=§x2 Yo, A=EXS l A=|x, vy, land
X3 y3 1 l X3 y3

1
A:E|X1(y2 = ¥3) + V(X = X3) + X, Y, — X3y2)|-

Extract 8.2 is a sample solution from a candidate who got the question wrong.

Extract 8.2
e - n(6,3)

™~
~
(1) A& NmCa).

% aoatexkuqh)
&m‘ ﬁ .;m
‘wqht = 1o
Duftano = (X. Yz)f CY, 'YL)

v = (V3 (0-s)*
Im = 8148
Im = 18 .
o =(6-% (3-)"
= q + ¢
o = 13
s (18x13).

Mvo = U

Extract 8.2: An incorrect response from one of the candidates.
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2.1.9 Question 9: Integration

The question required the candidates to (a) find the value of .[

= tan X + sin X

(b) evaluate j 4d

X—2
————dXx
(X* +2)(x+1)

, (c) (i) derive the arc length formula for the curve

AB from x=a to x=b, given that A and B are any two points on the graph of

y = f(x) and (c) (ii) find the length of a curve y=%x from x=01to x=4.

The analysis shows that almost half of the candidates (47.4%) got more than 3, out

of 10 marks. Of these candidates, 24.3 percent scored from 3.5 to 5.5 marks. This

indicates that the performance was average. Figure 9 is a summary of the

candidates’ performance in this question.
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Figure 9: Candidates’ performance in question 9.

The analysis shows that some of the candidates did the question well. In part (a),

. . X—2
they decomposed a rational function
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(x2 +2)(x +1)

into the difference of its



partial fractions ﬁfx and i The candidates also used the substitutions
X< +2 X+1

1
x2+1 and x+1to integrate the integrals dex and [ —— dx, thus ending

+2 X+1

[\2
up with In[ ))((+J£2J+C as the final answer. In part (b), the candidates presented

5 5 5

T 7Z'

3 -

[ Md ﬂzx—d smx . In the next step, they used the

0 COS X COS“ X 0 COSX
o 2

_ . . 3 sinx 3 sinx

substitution method by replacing cos xwith u to find | de+ [ ——dx.

0 cos“ x 0 COSX

Thus, they got 1.693 as the final answer. In part (c) (i), the candidates used the

graphical sketch of the continuous function y = f (x) between x = a and x = b and

the Pythagoras theorem to derive the length of a curve in cartesian form as

b
=[1+ (3y) dx . Moreover, the use of the formula from part (c) (i) and careful
a

differentiation of y :ix with respect to x produced 5 units as the length of the

curve in part (c) (ii). Extract 9.1 is a sample answer from one of the candidates.
Extract 9.1

g e G x - [ =2 Js
Gre2 ) (A +1D ]
Cet > -2 A A+ “+— [
ot 2 ) (A +1D) 22 =+ | |
_ = -2 — AA+L)(a+1) + c CaZE+2)
Q.| A -2 = (AA t&)(A 1) + ¢ (A" +2)
fnuk-i(.":—l » -2 = o A 2 _
] = . — —
ak X =0 | —2 = DL
] = -2 — g — X _
= g - —242 =9 i
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Extract 9.1: A correct response from one of the candidates.

On the other hand, a total of 1388 candidates got O in this question. The responses

of these candidates contained several mistakes. In part (a), the candidates

expressed the integrand ————
(X“+2)(x+1)

in partial fractions, but failed to integrate it

with respect to Xx. For example, some of the candidates wrote either
X—2 A B X—2 AX
2 =2 + or 2 =2 +
(X +2)(x+1) x“°+2 x+1 (X*+2)(x+1) x°+2 x+1
X—2 _Ax+B+ C
(X*+2)(x+1) x*+2 x+1

instead of

. Surprisingly, many candidates split the integrand

into its component fractions but failed to solve for the coefficients. Others worked
out the value of the coefficients A, B and C successfully but could not integrate the
resulting integrands using the substitution method. This indicates that they lacked
adequate and concrete knowledge and skills pertaining to algebra as well as
integration techniques. In part (b), most of the candidates did not simplify the

integrand tanx+sinx before integrating it. Many candidates skipped part (c) (i)

COS X

of the question. The candidates who attempted part (c) (ii) used incorrect formulae

46



b dy 2 dy b
for the arc length, such as s = | 1—(—] dx, s= 1—[d—jdx and s = [ ydx,
X a

a

X

a

b 2
instead of using s = I [ 1+(%} }dx to find the length of an arc. Extract 9.2

illustrates one of such cases.

Extract 9.2
9l ¢ 2)  Are dagts
(.
\ 2
T
N I‘Lr d
py 3/ X
londd ‘ \ Cpx
[}
| AN EAG A
Jaosth = w7 T e

longth = 00
Extract 9: An incorrect response from one of the candidates.

2.1.10 Question 10: Differentiation

This question required the candidates to (a) find g_y of the curve
X

Xsiny+ycosx=2 at x :% and y=, (b) use the second derivative test to

investigate the stationary values of f() 2x* —8x+5 and (c) differentiate

f(x)= %cos 3x from first principles.

The analysis shows that 10,124 candidates (83.9%) attempted this question. Out of
these candidates, 34.2 percent scored from 0 to 3 marks, 29.7 percent from 3.5 to
5.5 marks and 36.1 percent from 6 to 10 marks. The candidates’ performance was
good, as 65.9 percent of the candidates scored more than 3 marks. Figure 10 is a

summary of the candidates’ performance in this question.
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Figure 10: Candidates’ performance in question 10.

The candidates with good performance answered two or three parts of the question
correctly. In part (a), implicit differentiation was well handled as evidenced by

most of the candidates’ appreciation of the need to apply the product rule to

differentiate xsiny+ycosx=2 to get dy _ YSINXZSNY  The candidates also
dx XCosy+Cos X

substituted x :% and y = into an expression for gy to give the gradient equal

X

to -2. In part (b), most of the candidates differentiated f (x) to get f'(x)=4x-8,

set the derivative equal to zero and solved the equation 4x—8=0 so as to obtain

the value of x = 2, substituted the value of x back into the original function f (x)

to obtain the corresponding y — coordinate as -3 and differentiated the derivative of

f (x) so as to arrive at f"(x)=4. Since the second derivative was positive, the
candidates concluded that f (x) had the least value of -3. In part (c), many

candidates noted that the definition of the derivative of a function f (x) from first

h—0

principles is written as f'(x)= Iim( flx+ hr?_ f(x)}_ They used this formula and
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the factor formula to differentiate f(x)

50053x and got f’(x)=—§sin3x.

Extract 10.1 is a sample solution from a candidate who did parts (a) and (b) of the

question well.

Extract 10.1

10 o) X Sin

¥4+ ycos X

od

X _cos :5de5 f\- sin g (1) 4 ysinx + Cos Xxdy =0
dx - -

XWs ydy 4 cos X Ay

Ax

Usin X — sin
[y

Ax dx

(\Ke

) (xcosq + Cos X)
AxX -

Aoy

YIin X — Stn 4
= 4

Y3tn X — 5in

AX

o

Xcosy + s X

when X = K/}'_

)

=

and u;':T

Ax

U Sin /3 — Sim X

-~
AX

x(i) - ©

v Cos U 4 Cos Y/2

)—(/z(‘l) + O

N

Y,
-2

Ax

b

fx) = ax*-gx+ 5

Led g= F(X)
then

T

4x — &
ax

for

.S“\‘O_kto nouny po\‘ n“‘f

O =

4 x —-&
yx =8

X =

y= 2)*-s()+ 5

Y -3
S’r&irtonw\,} ?oir\'\( = (2;

-2)
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10| b dy = 4x -8
AX
T, - § |
dx*
dlﬂ_ W Pos&-\i‘vﬁ en Ane “)o'(n"t L mintmom
~ ax* |

Extract 10.1: A correct response from one of the candidates.

On the other hand, there were several candidates who scored low marks. In part
(@), some of such candidates did not know the steps followed in implicit

differentiation because the function xsiny+ycosx=2 cannot be defined
explicitly as a function of x. Other candidates failed to substitute x = % and y=r

dy _ ysinx—siny

into the gradient expression
dx  Xcosy + cos X

S0 as to get -2. In addition, a

substantial number of the candidates did not differentiate the constant term, as
Extract 10.2 shows. In part (b), a significant number of the candidates regarded the
second derivative f”(x)=4 as the y-coordinate. These candidates did not realise
that they were required to substitute the value of x obtained previously back into
the original equation in order to find the value of y. Others did not understand the
question and as a result they ended up with the computations of the first and
second derivatives only. This shows that most of the candidates did not know the
steps of the second derivative method to investigate stationary values. In part (c),
many candidates were not adequately knowledgeable about the steps for
differentiating a function from first principles. These candidates did not know the

appropriate formula for differentiating f(x):%cosgx. They used the following

[(HOR= T or - g £ O=F ), e

formulae  f'(x)=lim
h—0
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h—0

than f(x) = Iim[wj. Others wrote the formula correctly but failed to

. . cos3x +3h) —cos3x
manipulate the statement f’(x)= lim l(( +3h) ] to get

h—02 h
—| sin| 3Xx+— |Sin| —
] 2 2
lim

h—0 h

because they were poor in using the factor

formula. These candidates did not provide the derivative of f(x)=lc053x as
f’(x)=—§sin3x.

Extract 10.2

& soluhion -
GHoen.  Yeng 4 g@ix =2  x=NL -7
Ve
XC0sydy 4 10y 4 yeuinx 4 duost = 2,
Ty - - cix
Xsydy tdyroid + by —ysiot =2.
Y ol X
()J‘j ( Xcosy —}-CCU)() = D =6y 4+ ysinX
oI X (o5 OIS XLy oy .
dy T 2- Q0 uy+ ydinw.
dX X oy + oo ¥

Ryd X :T,T/l and Y=T

dyy = 2 - GoT 4y Uginy,
VCF};(OJU + (ory

= Q- o + 1 4).
1) — |
= 249
ff/—\
= 290
0~2.
2
| = (240)2
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dy T 2- 00y 4 yliny.

dX X o3y 4 sy

B4 X:T,T/l and Y=T

dy) = 2- ol 4 IFTSI'OTI/;{

oA T;; (03T 4+ resrd -

= Q- 0 + TG,

2 ]
V) —~ |

= 24Y

0, -1
7.

24317'

\"\

h~2.

P

- (Ix}ﬁ)l

-2

T u+Uur

m-2-

&
r
=
—+
g
~|

Extract 10.2: An incorrect response from one of the candidates.
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2.2 142/2 ADVANCED MATHEMATICS 2
2.2.1 Question 1: Complex Numbers

This question comprised parts (a), (b), (c) and (d). In part (a), the candidates were
sin560

p =16c0s* @ —12cos? # +1 using De Moivre's theorem.
sin

required to prove that

In part (b) (i), the candidates were instructed that the equation

6—2° =8i—(2+4i)z had roots z,and z,. They were required to find z, in the

form a+bi. In part (b) (ii), they were required to express ZL in partial
X®—=2x+10

fractions with complex linear denominators. In part (c), the candidates were
required to use mathematical induction to prove that z" =r"(cosn +isinno)
where z stands for any complex number r(cosé@-+isind) for all positive integers

n. In part (d), the candidates were required to prove that z lies on a circle whose

radius is % if |z+1=2z-1.

The question was attempted by 11,536 candidates (95.6%), out of 12,065
candidates. Of such candidates, 18.3 percent had good performance. Out of these
candidates, 0.5 percent scoring all 15 marks. Furthermore, 29.5 percent of the
candidates who attempted the question scored from 5.5 to 8.5 marks and 52.2
percent did badly. Of the latter candidates, 7.0 percent got 0. Generally, the
candidates’ performance was average, as 47.8 scored more than 5 marks. Figure 11
summarizes some of the statistics for the candidates’ good performance in this

question.
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Figure 11: Candidates’ performance in question 1.

The candidates with exemplary performance in part (a) correctly wrote the

statement cos50 +isin56 = (cos@+isind)®, applied binomial expansion to
(cos@+isin@)® with i =-1 and equated imaginary parts to get the required

expression for sin5@ . By appreciating the substitution of 1—cos® & to sin® @, the

candidates obtained 16cos* @—12cos? 6+1 from > 5; as required. In part (b) (i),

SIn

some of the candidates rearranged the terms of 6—z?=8i—(2+4i)z to get the

quadratic equation z? —(2+4i)z +8i—6=0. Then they used the idea of sum and
product of the roots of the quadratic equation to get z, +z, = _b given z, =3+i,
a

a=1 and b=-2-4i. After making necessary simplifications, they got
z,=-1+3i. In part (b) (ii), they factorized x*-2x+10 to

6

—(1+3i -(1-3i d d d _
(x—(@+3i)) (x—(1-3i)) an ecompose T

into

A+ Bi N C+Di
(x—(@+3i)) (x—(1-3i))

. The candidates then used the method of undetermined
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coefficients to arrive at A=0, B=-1, C=0 and D=1. They ended up with

—i i . ; 6
+ as the partial fractions of —————. In part (¢), the
(x—@+3i)) (x-(@1-3i)) P X —2x+10" " (€). they

verified the statement for the integer, n=1, formulated the general statement for
proof, i.e z*=r"(cosk@+isinkd); and obtained z*=r"(cos(k+1)g+isin(k+1)6)
from expressions of zand z*, while at the same time appreciating the laws of

exponents and the compound angle formulae of sine and cosine. The candidates

with good performance in part (d) defined z in polynomial form as z =x+1y such

that [z+1=2z—1 = J(x+1) +y* =2\/(x—1)* + y* and expressed the resulting
. 5Y) . (4Y
equation in the form =3 +(y-0) = 3 which enabled them to prove that

it is an equation of a circle with a radius of 3 Extract 11.1. is a sample answer

from a candidate who got the question right.

Extract 11.1

Cl.] (a) in_ H &
_—;ﬂs = Ve os e ~\Lwcs 611 i
.{;(um Demoiviel theofeen [
(<es & Aisin € = (os ne tisin Ao
("cbs E 4 15in e\g = cef e 4 igsin 5O
(os € tysiae)®= cosSg 1 & cesh s Gsine) Y10 cesde(isa of
T 1o ceyle (isin 6) T Sces e (sinel disian)
= ¢o5°e 4 8% sine - i©<es’e sl e 4 - 10w 5 dd
4 !S\'ng@ 4+ Dwese sinte i
= {es®@ — 1O <O)36 sia’o 4 Sios € sinle +(( S cente Sva & —
|© <ed’e sinds 4 f:’xn‘re\

O’\_ ’H—\eq .
, . C e 2 Yook Swosesinte +((
co35C8 +isin LO= ¢cos &~ |0les ©Sin & 1 28 € Sin T

S—(O_s‘*s Sin & -—iOccfS Smgg + sgf\s (7\

Ecydting iNGginGey ped
T T 7 !
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S a5y
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= N KW
- Sceste - 10 coste (\ —oste) A (- s@10) .
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Sin §@ N
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2t-a Y4z v €1- 65 ©
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2,12, = 244
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TN Xty = 24
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y =2-23 L e
K= ~1 G=23
Ze A A2
L 2a ( 4420 (2t
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2,2, = @ -6 A ence shoan:
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C = Ax-1431) + RUx—4=30)
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€= Alo) 10l-¢y
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& A

&= 3_}‘

out ®= o A4
1

6 = AN A AN + RULA S~ - Q)

é,i Q(A'\) "\ Q(-;)

A= Ay
LS

A o= At
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2= (cos & 43isin 65\

H("n(: s toue 4]'“1 I

2. Asiunnc it | s {rue 4\.:/. n- k

2% = r"’“((_cs e tasio pe)y o o o il
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i R ("“h (cosr (K41)& & isin (LM\@\
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Extract 11.1: A correct response from one of the candidates.

The candidates who scored low marks didn’t write correct answers. In part (a),

several candidates did not expand (cos@+isin@)’. The majority of these
candidates used inappropriate formulae such as 2isin @ = z" —in to find sin56. In
z

part (b) (i), a considerable number of candidates did not use the concept of sum
and the product of roots of quadratic equations to find z,. Others did not re-arrange

6— 2> =8i—(2+4i)z in quadratic form as z* —(2+4i)z +8i —6=0. Some of the

candidates used the idea that a conjugate of zis also the root of

z° —(2+4i)z +8i—6 =0 to get z,. This was not correct, as the quadratic equation
contained complex coefficients. In part (b) (ii), most of the candidates failed to

represent x*—2x+10 as the product of two complex factors, that is,

(x—1-3i)(x—1+3i). Hence, they got incorrect partial fractions. Though part (c)

was done well by the majority of the candidates, a few candidates used n=0,

although 0 is not a positive integer. As a result, they did not reach at

2" = r**(cos(k + 1)@ +isin(k +1)8). In part (d), some of the candidates did not

5)° 16 (4Y
get (x—éj +y2:3=(§j , regardless of their good start. Some of the

candidates committed simplification errors; for example, they obtained

(x+1)2 +y? =2((x-1)% +y?) from /(x+1} +y? =2y/(x—1} + y?, forgetting to
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square 2. Extract 11.2 shows a sample answer from one of the candidates who got

the question wrong.

Extract 11.2
{349] _Calnse

o /£
¥ S pe

£
)(’11-\“ s Q- N C\‘vll)

N

- ¢ = A + B
(1-3%Y 120 (1-30) (1+30)

7

L= ACHE) A B -2
L= Ataxi4 B-310

b4l = AtB 4 (38-3B)¢

Adp= o

2A-3p = O

/4 = 3 QAQ B = 1
A\ .
o _ b = 3 + 3

(SIEEN! (-3 (143)
. T(\e argrer I
ENI G

Extract 11.2: An incorrect response from one of the candidates.
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2.2.2 Question 2: Logic

The question had parts (a), (b) and (c). In part (a) (i), the candidates were required
to draw a simplified electrical network using the following circuit.

/ /

~p ~-q
e "

/ /

p ~-q

In part (a) (ii), they were required to simplify the proposition ~ ((p A Q) — (pV )
using the laws of algebra. In part (b), the candidates were required to determine
whether the proposition [(p >~ q)A(qvr)a p]—r is a tautology or not using
the truth table. In part (c), the candidates were required to use the laws of algebra
to prove that the propositions pA(qvr) and [p—(qv~r)]>(paq) are
equivalent.

The analysis shows that 22 percent of the candidates who attempted this question
scored from 0 to 5 marks, 26.8 percent from 5.5 to 8.5 marks and 51.2 percent
from 9.0 to 15 marks. Further analysis shows that 78 percent of candidates scored
more than 5 marks; 969 (8.1%) of such candidates scored full marks. On the basis
of this analysis, it can be argued that the candidates’ performance in this question
was good. Figure 12 illustrates the candidates’ performance in question 2.
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Figure 12: Candidates’ performance in question 2.
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The analysis of the candidates’ responses shows that the majority of the candidates
had good performance. In part (a) (i), the candidates identified the compound
statement that represented the given network diagram, used the algebraic laws of

logic to simplify the preceding statement into ~pv~q and drew the simplified

electric network that corresponded to the simplified statement. In part (a) (ii), the
candidates used the algebraic laws of logic expressions, such as demorgan’s,
commutative, compliment and identity law, to simplify the statement

~((p~g)—(pvq)) into an F statement. In part (b), the candidates prepared a
truth table with the columns p, g, r, ~q, p—>~q, qvr, (p—>~q)A(qvr),
[(p>~a)a(avr)]ap and [(p—>~a)a(gvr)Ap]|—>r. On the basis of the
information in the table, they concluded that [(p—>~a)A(gqvr)ap|—r isa

tautology. Similarly, in part (c), the candidates used the laws of propositions
correctly to prove that the statement p/\(qu) is logically equivalent to
[p—(qv ~r)]>(pAq). Extract 12.1 shows the responses of a candidate who

answered the question correctly.

Extract 12.1
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Extract 12.1: A correct response from one of the candidates.

In spite of the candidates’ good performance, 372 candidates (22%) scored low
marks. In part (a) (i), some of the candidates failed to formulate the appropriate
statement from the network diagram. The common mistake had to do with seeing

the statement such as (~pv~g)a(~pva)a(pv~q), rather than
(~p/\~q) v (~p A q) v (p/\~q) indicating improper understanding of conjunction

and disjunction statements. Others formulated the required statement but could not
apply the laws of propositions to simplify it to ~pv~q. Other candidates did not

know that the symbol v is used with a parallel connection of switches. Such
candidates presented a series connection for ~p and ~q instead of a parallel
connection of an electric network. In part (a) (ii), several candidates presented

~((prg)>(pvq) as ~(PAQ) v (p vq). This means that they had
insufficient knowledge of the implication symbol in terms of \. The candidates

were supposed to represent the given statement as ~(~(pAq) v(pvq)) and

then simplify it using appropriate laws. Several candidates had difficulty writing
the laws in front of the statements. For instance, writing associative or distributive
instead of commutative and idempotent instead of identity. Other candidates did
not write the laws that they used in front of the statements. Such candidates were
awarded one and a half marks. In part (b), some of the candidates did not use truth
tables to determine whether the given statement was tautology. The candidates
should have known that the conjunction statement is true only if both values are
true, otherwise the statement is false, that the disjunction statement is true if at

63



least one value is true and that the conditional statement is true if both values are
true and false if the first value is false. In addition, some of the candidates could
not identify the number of the rows in the truth table for a compound statement
involving three statement letters, as Extract 12.2 shows. Such candidates should
have known that the number of the rows in the truth table depends upon the

number of the different components in the statement and can be written as 2" ,
where n is the number of the components forming the statement. The number of
the rows was 8. In part (c), a considerable number of candidates could not prove

that pa(qvr) and [p—(qv~r)]—>(pAaq) are equivalent. Some of these

candidates failed to pair expressions with their respective laws of propositions of
logic, while others used truth tables contrary to what they were asked to do.

Extract 12.2
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Extract 12.2: An incorrect response from one of the candidates.

2.2.3 Question 3: Vectors

This question had parts (a), (b) and (c). In part (a), the candidates were required to
find (i) the work done in moving an object along a straight line from (3, 2,—1) to
(2,—1,4) in a force field given by F=4i—3j+2k and (ii) the possible values of
the constant t if a = (3t +1)i — j—k is perpendicular to b = (t+3)i —3j— 2k . In part

(b), the candidates were asked to (i) show that quadrilateral is a parallelogram and
(i) find the actual area of the parallelogram in (b) (i), given that the vertices of a
quadrilateral are A (5, 2, 0), B (2,6, 1), C (2,4, 7) and D (5, 0, 6). In part (c), the
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candidates were given that the vertices A, B and C of a triangle are at the points

with position vectors a, b and c respectively and were required to show that the

area of the triangle is equal to %|g>< b+bxc+cx g| square units.

A total of 11,550 candidates (95.7%) attempted the question. The analysis shows
that 12.5 percent performed well, as they scored marks ranging from 9 to 15. Only
0.3 percent scored all 15 marks, 44.1 percent scored from 5.5 to 8.5 marks and 43.4
percent from 0 to 5 marks, with 5.5 percent scoring 0. Generally, the candidates’
performance was average, as 56.6 percent scored more than 5 marks. Figure 13

illustrates the candidates’ performance in question 3.
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Figure 13: Candidates’ performance in question 3.

The impressive performance in part (a) is a result of the candidates’ ability to (i)

determine the displacement vector d from (32,-1)to (2,-1,4) and use the
formula Workdone = |E.g | to get 15 units, and (ii) use the property of a dot product

ab=0 to formulate an equation 3t*+10t+8=0 that was solved to obtain

t:_—34 or t=-2. In part (b) (i) , the candidates determined displacement vectors

AB, AD,CB and CD_ and correctly showed that BCxAD and ABxCD

resulted in zero vectors. In part (b) (ii), they used the formula Area =‘Kéxﬁ‘ or
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Area:‘@xaj‘to obtain 32.187 square units as the actual area of the

parallelogram. The candidates who answered part (c) correctly expressed AB and

AC as b-—a and c—a, and used the formula Area:%‘FBxAT:‘ and the

properties axa=0 and —axb=bxa to prove that Area=%|gxt_)+t_)x(_:+g><a_1|

square units. Extract 13.1 is a sample response of the candidate(s) with exemplary

performance.
Extract 13.1
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Extract 13.1: A correct response from one of the candidates.

On the other hand, a considerable number of candidates (43.4%) got low marks.

The candidates who got such marks in part (a) (i) used inappropriate formulae,

such as Work done=F xd and axb=0. Thus, they got vector quantities instead
of scalar quantities. Other candidates failed to get t= _4 or t=-2 from

3t° +10t +8 =0 although they had started off well. In part (b), the majority of the
candidates were inspired by (b) (ii) , although it was directly connected to (b) (i). A

significant number of the candidates found displacement vectors AB,AD, CB

and CD but failed to compute the vectors ABxCD and BC x AD to get zero
vector. Hence, they provided a conclusion that is not convincing. In part (c), some

of the candidates could not add the position vectors a, b and c to determine the
resultant vectors; for example, they wrote AB=0A-OB= a—Dbinstead of

AB=0B-0OA=b-a. Others used an incorrect formula for finding the area of a

triangle, commonly Area = %‘A—BF , to prove that

Area = %|g xb+bxc +g><g| . Furthermore, the majority of the candidates who did
part (c) badly were poor in using the properties of a cross product of vectors,

especially —axb=bxa and axa=0, to manipulate Area=%|(b—a)x(c—aj

toget Area= %|§ xb+bxc+cx g| . Extract 13.2 is an incorrect response.
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Extract 13.2
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Extract 13.2: An incorrect response from one of the candidates.

2.2.4 Question 4: Algebra

This question comprised parts (a), (b) and (c). In part (a), the candidates were

3x+1
(X+1)(x* +2x+3)

required to express in partial fractions. In part (b), they were

required to (i) show that y = mX
m — X

y
if a* :(Ej =k™where a =1, and (ii) solve

for x and y if x¥ =y*andy® =x®. In part (c), the candidates were required to
expand ~1+Xx as far as the term inx®and use the result to obtain the value of

+/16.08 correct to six decimal places.

71



The analysis shows that 10,836 candidates (89.8%) attempted the question. Of
these candidates, 49.6 percent scored from 0 to 5 marks, 27 percent from 5.5 to 8.5
marks and 23.4 percent from 9 to 15 marks. The analysis also indicates that 212
candidates (1.8%) scored all 15 marks, while 1760 candidates (16.2%) got zero.
Therefore, the candidates’ general performance in this question was average, as
50.4 percent of the candidates scored from 5.5 to 15 marks. Figure 14 is a

summary of the candidates’ performance in this question.
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Figure 14: Candidates’ performance in question 4.

As seen in Figure 14, the majority of the candidates had average performance. The
candidates who scored all 15 marks knew that the decomposition for the given
rational function in part @) was of the form

3x+1 A N Bx+C
(x+1)x®+2x+3) x+1 x*+2x+3’

The candidates used the method of

undetermined coefficients or the substitution method to establish that A=-1

B=1 and C=4. The majority of the candidates correctly inserted the

coefficients that they had obtained previously into A + Bx+C to obtain

X+1 X*+2x+3

3x+1 -1 N X+4
(x+1)x* +2x+3) x+1 x*+2x+3

. In part (b) (i), most of the candidates
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y
eliminated k and a from the equation a* =(Ej =k™, and hence were able to

prove that y=ﬂ. In part (b) (ii), the candidates applied logarithms on both

sides of the equations x¥ =y*andy®=x>. Then they solved the resulting

equations to get x=9 and y =27. In part (c), the majority of the candidates

applied binomial theorem with n:%, a=1 and b=x to expand +1+Xx as

1
1+%x—%x2 +%x3. Also, they expressed 16.08 as 4(1+0.005)2 to get
x=0.005. Then they substituted the value of x into the expansion for v1+x and

obtained the final value of +/16.08 correct to six decimal values as 4.009988.
Extract 14.1 is a sample solution from a candidate who answered the question

correctly.

Extract 14.1
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Extract 14.1: A correct response from one of the candidates.

In spite of the candidates’ average performance, there were candidates with very

3x+1
(X+D(x* +2x+3)

poor performance. In part (a), they had difficulty in expressing

as a sum of simpler rational functions. They regarded it as either a rational function
with a denominator that can be factorized completely or a rational function having

a denominator with repeated factors. The common mistakes were expressing

3x+1 A Bx A B
> as +— or +—
(X+D(Xx* +2x+3) X+1 Xx°+2x+3 x+1 X°+2x+3

or

A  Bx*+Cx+D

+— . In part (b) (i), most of the candidates had difficulty using the
X+1 x"+2x+3

y
laws of exponents and logarithms to prove that y = ™ from a* =(Ej =k™.
m—Xx

y
Also, several candidates did not draw out the equations a* :(Ej and a* =k"

from the given equation which could be solved to obtain x and y values. Most of
such candidates wrote a* =a’k”. As a result, they got an incorrect solution.

Likewise, in part (b) (ii), the candidates failed to solve x¥ =y*andy? = x®
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simultaneously by the method of substitution. This indicates that they could not

apply both laws of exponents and logarithms. In part (c), some of the candidates
completely failed to expand +/1+ x . The candidates did not know the Binomial
theorem. Several candidates presented the binomial expansion of +1+Xx with

some mistakes in terms of signs they used. The most common error was expressing

J1+Xx as 1+;x—;x2 _116)(3' Hence, they got /16.08 =4.009987 instead of

4.009988. A significant number of the candidates expanded +/1+ x correctly but

1
2

could not express +/16.08 in the form 4(1+ ﬁj . Extract 14.2 shows a sample
answer from a candidate who failed to answer the question correctly.

Extract 14.2
Bo | 3K 4 -
(X 44) O« tax+3)

X+ 4 -~ A + &

(X10) (x2+23x43) XA XLt

2x + 0 = Ax2 taax43r ¢ Bx 1B
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3x t A .
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DAX ABx = I x-
Sk TR = 3¢
A t8 = 4.
A= =2
B F
2x 1A = =1 + 1
(xa1) Cxr4ay’s 3) X 41 ¥R Lox+3-

Extract 14.2: An incorrect response from one of the candidates.
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2.2.5 Question 5: Trigonometry

This question had four parts, (a), (b), (c) and (d). The candidates were required to:

(a) (i) prove that 2cos36 = x° + is when 2cos6 = 1 + x ; and (ii) solve the equation
X X

5cosa—2sine=2 for —180° < a <180° using t-formula. (b) show that (i)
tan(%;zj =J2-1 if o =g and  tan20 = % . and (i)
acos — bsind = im given that asin6+bcos6 =c. (c) (i) simplify the
expression tan™ x + tan‘l(i;—i} ; and (ii) find all the values of @ which satisfy the

a+b+c
abc

equation  cosx@+cos(x+2)d=cosd. (d) show that 1 if

tan*a+tanb+tan‘c=m

The question was opted by 6389 candidates (53.0%). Among them 19.1 percent
scored from 12 and 20 marks, 34.7 percent from 7.0 to 11.5 marks and 46.2
percent from 0 to 6.5. Moreover, the analysis shows that 14 candidates (0.2%)
scored all 20 marks and 245 candidates (3.8%) got 0. The candidates’ performance
in the question was average, as 53.4 percent scored 7.0 marks or more. Figure 15

represents a summary of the candidates’ performance in this question.
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Figure 15: Candidates’ performance in question 5.
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The candidates who did part (a) (i) well used an identity cos36 = 4cos® @ —3cos &

to obtain 2c0s36 = (2cos6)’ —3(2cos) and then replaced 2cos 6 with Lixto
X

obtain x3+i3 after careful simplification; (ii) they replaced cosa and sina in
X

1-t? 2t
> and —,
1+t 1+t

5cosa—2sina =2 with

where t:tan% and obtained an
equation 7t*+4t—3=0, which gives t=-1 and tzg. Then they solved

tan% =-1 and tan% :g and got the values o =-90° and o =46.4%as per the

given interval for « . In part (b) (i), the candidates who scored high marks obtained

-2+
2++/4+4tan260tan 20 from . tan2g = 2tan20

2tan 20 1-tan“ @

tang = , through which they

substituted Hzg to arrive at tan%;rzx/i —1 as required. The candidates who

correctly attempted part (b) (ii) squared both sides of asind+bcosé=c and
replaced sin’6# and cos*’@ with 1-cos’@d and 1-sin@ to obtain
a® —a®cos® @+ 2absin@cos & +b* —b?sin® @ =c?. They then re-arranged it to
get a?+b?—c?=(acos@—bsin@f and acos@—bsind=+Va?+b’—c> as
required. The analysis indicates that the good responses in part (c) (i) clearly

showed the necessary steps in assigning letters to trigonometric inverses, for

example A=tan"x and B :tan‘l(—i_xj, in writing an equation
+ X
tan(A+B) :M and in replacing tan A and tanB with x and =X to
1-tan AtanB 1+x

obtain tan(A+B)=1= A+B= %. After doing the necessary simplifications, they

got tan x +tan™ =x)_ =
1+x 4
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The candidates who did part (c) (ii) well simplified cos x6?+cos(x+2)¢9:cos¢9

with the aid of the factor formula to get (Zcos(x +1)0—1)cos¢9 =0 and solved it to

obtain 6?:i 2nJ_r1 7 and 6= 2nJ_rl z forn=0,1,2, ...
X+1 3 2
The candidates who did part (d) well assigned letters to trigonometric inverses, for

example A=tan'a, B=tanb and C=tanc and wrote an equation

tan(A+B+C)=tanxr. After further simplifications, they obtained

wﬂanC:O. Then they replaced tanA, tanB and tanC with a,

1-tan AtanB

band c, and got a+tk;+c =1. Extract 15.1 shows a sample response from a
abc

candidate who attempted the question well.

Extract 15.1

 Joy U s = 1 .y
-

(136 = (20 xo)
(y30 = e lwo — L& Sine
= (31— Yy © — 2816 (g8
= (205t — 1) — o= G\e)
=1l - (e~ Lhiv4 20’0
(336 = & (o*® - 3(cs&

QCSA'BQ = Ri*p - Clue

LS — (2Ceso )3 —2 (1m0,
= (1 J_\,\ﬁ“mz(/r—u,\

VN -
= (U3 VX £ e o= o < )
\/Kj \rd) Yo N A
= | 4 2 4 XA X=X~ 3
x> X X,
23 = \ 4 y”
x3
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2 Cos(xg +6) (030 — (€ =0

Ci6 (W) —4) = o

Yence

(ea® = 0 and CC.!(K-H\G = (/, -

9;

B= 7)) = qo

C=Xd'o0t o

B = 26¢° nijo—m=K

Also s Q)0 =

7L

(x+x)® = Gyv'(k)

X9 = Go*

=19 = o't + oY

B = \ (26C0°nd Co')

(X)) N

AN value 4 O ae

B = Zgof niqand = [ (3co°nd 6o”).

)

whee =0, 1, 2,9 4 ...,

J7

d/

fon a o+ tag b ttan ¢ =T

w'a tfan'h = T —Yan ¢

Apply o bt ady

fon (fon o+ dan’ 6~ den(Tt —ten ¢)
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4 - Henfted'(@)) bn(iaib) L= teniy ten(ten'c )
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| —al |\ —Gglk)
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a4l = ~c((—abl
a4b =—C «cbe
G4b 4 ¢ —= albc

a4db e {§
bl

— b - | \*\Pncp Shown'
a b

Extract 15.1: A correct response from one of the candidates.

Further analysis shows that nearly half of the candidates who attempted the
question (46.6%) had poor performance, as they scored from 0 to 6.5 marks. In

part (a) (i), some of the candidates made certain mistakes at the beginning by

expressing 8c0s30 = (2cosd)’, while other candidates could not write 2cos30 in
the form of 2cosé although they knew that cos36 = 4cos® @ —3cos @ . Hence, the
candidates got expressions different from x3+%. The candidates’ poor
performance in part (a) (ii) was due to the use of incorrect formulae such as

2
In part (b), most of the candidates failed to formulate an equation

1+t
CoS ¢ = 5
1-t

2tan0

n%o

by substituting & =%. Others

tan’ (Zj +2tan (Z) —-1=0 from tan20 =

8 8 1
did not apply the quadratic formula to tan2(§j+2tan(%)—l=0. As a result,
they could not show tan(%;zj = /2 —1. Moreover, a few candidates who reached
at tan[%nj = —1J_r\/§ did not know that tan(%) = \/5—1. These candidates were

not aware of the fact that % is an acute angle. Most of the candidates skipped part

(b) (ii) or did start off in the right way by comparing asin@+bcosé@ with
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Rsin(6+a). In (c) (i), the candidates did very well. In part (c) (ii), they could not
obtain two factors (2cos(x+1)@—1) and cos@ from cosx&+cos(x +2)8 = cos8 .

Hence, they got an incorrect solution. Furthermore, some of the candidates failed
to express solutions in general form. The vast majority of the candidates who
attempted part (d) assigned letters to three trigonometric inverses, but most of them

failed to express tan(A+B+C) in terms of tanA, tanB and tanC . Extract 15.1

is a sample response from a candidate who got the question wrong.

Extract 15.2

Gl <Siulon
¢ Suen
= /3
Leanow = 20anb
| -~
'\—"W\
e Vs

e 2(%) = e )
TR

L—aﬂ Q% = Q_Lﬂ\nlys
e l/5)?

‘WHS = Oi’lb
— o It

Lon4s = ¢ -qqre
N

Los [ Ry Sslalon

Extract 15.2: An incorrect response from one of the candidates.

2.2.6 Question 6: Probability

This question had parts (a), (b), (c) and (d). In part (a), the candidates were
instructed that the independent events A and B were such that P(A)=2 and

P(B)= 0.4 and were required to determine (i) P(not A and B) and (ii) P(A or B).

In part (b), the candidates were instructed that "Kalihose's family consists of
mother, father and their ten children and it is invited to send a group of 4
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representatives to a wedding". They were required to find the number of the ways
in which the group could be formed so that it could contain (i) both parents, (ii)
one parent only and (iii) none of the parents. In part (c), the candidates were given
that a continuous random variable X had the probability density function given by

kx 0<x<1
f(x)=1k(2-x) 1<x<2 and were required to find (i) the value of the constant
0 otherwise

k, (i) E(X) and (iii) P(% <X sl%}. In part (d), the candidates were given the

information that a random variable X with mean 4 and variance 2 follows a

Binomial distribution and were required to find PQx—4| < 2) in four significant

figures.

The analysis shows that the question was opted by 1939 candidates (16.1%), out of
whom, 23.9 percent passed. Further analysis shows that 76.1 percent of the
candidates scored from 0 to 6.5 marks, 16.3 percent from 7 to 11.5 marks and 7.6
percent from 12 to 20 marks. The analysis also indicates that only one candidate
scored all 20 marks and that 331 candidates (17.1%) got zero. Therefore, the

performance was very poor, as shown in Figure 16.

o
% 100 'I|
E’ | 76.1
= 80
= |
[+
U 60 -
o |
) |
& 40 ‘1|
=
N
= 2oi| a
) 0 -lF_’: 1 ’ _“_6_““
m _
—
o T /
7.0-11.5 o
12.0-20.0
Scores

Figure 16: Candidates’ performance in question 6.
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The analysis reveals that those who failed part (a) of the question could not apply

the right formula to determine the probability of P(not A and B). For example, they
wrote P(not Aand B)=P(A)+P(B), instead of writing P(not Aand B)=P(A)xP(B).
This means that they were not aware of the probability of independent events.

Other candidates used the formulae correctly but could not comment that
P(not Aand B) and P(A or B) does not exist because P(A)=2 is not in the

interval [0,1]. This means that the candidates did not know the axioms and laws of

probability. In part (b), several candidates could not comprehend the given word
problem so as to realize that they should use the principle of combination in
answering this question. Some of them employed the principle of permutations,
while others interpreted the given word problem in the perception of the Sets’
concept and hence used Venn diagrams contrary to the requirements of the

question. In part (c) (i), most the candidates could not compute the value of k. Such

2
candidates evaluated the integral j(kx+k(2—x))dx:1 rather  than

0

Ekxdx +L2 k(2—x)dx =1. As a result, they got k =% instead of k =1. Part (c) (ii)

and (iii), which required the candidates to find E(X) and PGS X 313, were

also badly done for the same reasons as those in part (c) (i). In part (d), some the

candidates did not use a Binomial distribution as instructed. Instead, they used a

Poisson distribution and formulae, such as z=2—%, to find PQX—4|£2).
o

Additionally, several candidates could not use the formulae variance =npq and

@ZEZE.ASB

mean = np which would enable them to find the value of n as 177
np

result, they unsuccessfully computed PQX—4|£2). Surprisingly, a significant

number of the candidates failed to express PQX—4|£2) as
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P(x=2)+P(x=3)+P(x=4)+P(x=5)+P(x=6). This implies that they had not
understood the concept of absolute value. Extract 16.1 is a sample answer from one

of the candidates who got part (d) wrong.
Extract 16.1

a3 L; . /,‘ 2 —\
Cll T/ 5Z vz 7]
— " /
ARy AR
AU ]Aal
f7z (‘a%
7 N, /1 P ’// \.’]-/'l:
SR G A FIECr ui s
/. A
17~ 2
= & ) ‘_Fr{
YA = 7 7 < £ //2
f.'\f‘ ;I < )’ ,'/ - _':) / - A;' .‘/
B = 2
)1_ N f _ C/ A 4 V. e LY A g -
) 1jee—6-725 | HE—T ) —][ 728 — ¢ 28]
Blv)= _] -

Extract 16.1: An incorrect response from one of the candidates.

Only 29, out of the 1939 candidates who opted the question, produced good
responses. A sample answer from one of such candidates is shown in Extract 16.2
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Extract 16.2
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Extract: 16.2 A correct response from one of the candidates.

7297 & # sig i @a

2.2.7 Question 7: Differential Equations

This question comprised parts (a), (b), (c) and (d). In part (a), the candidates were

required to form a differential equation by eliminating arbitrary constants in the
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equation Ax*+By’=1. In part (b), they were required to solve

(1+ yz)dx = (tan‘1 y—x)dy. In part (c), the candidates were instructed that “the rate

of decrease of the temperature of a body is proportional to the difference between
the temperature of the body and that of the surrounding air. If water at temperature
100°C cools in 20 minutes to 78°C in a room temperature 25°C". They were asked

to find the temperature of water after 30 minutes and write in two decimal places.

In part (d), the candidates were given the condition that y =1, %:O, where
X

2

d y_7ﬂ

x =0, and required to find the general solution of —;
dx dx

+6y =2sin3x.

The statistical analysis shows that 7275 candidates (60.3%) opted the question. Out
of such candidates, 43.2 percent scored from 0 to 6.5 marks, 39 percent from 6.5 to
11.5 marks and 17.8 percent from 12 to 20 marks. The candidates’ performance in
this question was average, since 56.8 percent scored from 7 to 20 marks. Figure 17
shows the candidates’ performance in this question.

100 -
90 A
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70 ~
60
50 A
40 A
30 +
20 A
10 -
0 -

39

17.8

I

7.0-115 12.0-20.0

Percentage of Candidates

Scores

Figure 17: Candidates’ performance in question 7.

In part (a), several candidates eliminated the constants A and B from the equation

2 2
Ax® +By? =1 to form the differential equation xyd—2/+x(ﬂj —yﬁzo. In
dx dx dx
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part (b), a few candidates wrote the given differential equation in the form

-1
CI—X+Px:Q as %Jr xzztan Zy
dy 1+vy 1+y

that enabled them to correctly derive the

integrating factor e Y. The candidates also multiplied e Yon both sides of

dx x _tany

—+ > = >~ to produce another equation which was solved to obtain
dy 1+y° 1+y

x=(tany-1)+ce™ .

In part (c), a number of candidates derived the equation ?j_-lt- = —k(T —TO) from the

given word problem and used it to calculate the temperature of water after 30

minutes, as shown in Extract 17.2. In part (d), the candidates determined the

complementary solution y_= Ae*+Be®™ as well as the particular solution

yp:isinx+3—77cosx of the non-homogeneous second order differential

37

equation. The candidates also combined the expression for y. and y, correctly
. . ) o 5 . 7 .
and obtained the general solutions as y = Ae* + Be +3—75|n x+3—7cos X . Finally,

they used the initial conditions y =1, % =0, where x =0, to find the constants A
X

and B and thus got the required general solution, that s,

X 7 6X 5 H 7
y=e"——e”™ +—sinXx+-—Ccosx.
37 37 37
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Extract 17.1

=t

T Criven
p/q-:@ o ’tQ,.“n_u,dT__, A2l o/ exom ey,

v

,——OiG = '(@"@f‘]
L ~ 4

o \
XE ’

Q42 J\»M\%) "7\/[(;

\ r i t
G ) e ‘

pD e —¢
AL ¥ o
9(':;.'—6“? ‘—
& [
N de
) &S —5
A O
O
' . (S,__G.., f/.ﬂ—
N s
L= —1 |af 79,




(<)

b

“'-o’

I =

)zuk,t“

S

L"Loft'\, {72’ QO N-Yin

(9/2"({

®.~—;

= &y ¢ (@-u @a)e

&

§= 135+ (&- 93] o

i

(30 YV\.nUC‘/QJ a1

<

tt MTEV w2

M \%\J X

Go=zlm’s .

-

4[4

=4

Q. UMI

'n(m/mb)

TR PR

~ 0

e =

/
L

Q
!

5 'f;‘

m«uh,u 30 mfnu‘}jg]

alE "h:; WA

Wi wq\n O\l

al

jOD C—/ f{k (W)K

N 6%55c

97




ML)

O{\L—@v} JB’ q—z:D") J-(c::‘-;/? I v-e-3
el /

Ax-
A0xiuw | ae Q)u_eri) NATC ?:@MT\N
AWE 4

&
Heeoo e Cuw\!nbm"i'a;y e [iow

\ [ ¥
V(’ = JAQO ) _P QQX la——"—‘®
R P \'(.x‘\lm/ v *“A?_‘i\@l;
e N o A St x4 Risyx
"% an_of A 2 (mSkzah
. i A
Vi, = AoxX — Qiwx
\k“q — A [Tox — )

]ﬂLe/(rrwr Fﬂ'h) . D. B

— Amx = Blox ~7Ac@x+=‘784mx

+ CAYmx 4+ §Reux= AW

(—A 418 +Ea) jraxs(— 814 € 1) ax 2 Lavo

GCA ﬂm ANnX +( N A4S B)oga 2 by,
ﬁm»’hﬁ*z Gy, on oy we,[ipme,m j

A+ Tg= "9
—"A+ s8= §- -
Fren e A = 5/ = 77
/3;}— yd = =

P uefwd’ e

N/ — ‘9("!’ AL

/ Y = A 0 e” *q#ﬁhx*iﬁsy‘

Vi

1d)

‘/\L“"’l X TN, u=1 ,dy, =
[ /ak

l= A=<g <R/
/39

A= 3° — (i),
37

kA g&i — QA C”\:{» GOX-#* ¢/ Cox <4, P
e /5 ZEN

98




fei\-M A s

0= bAT 0 F Yo -

A0z — Jan  —CV)
r=7

Floey (e d @

A = “?r[p Pl e
. | T '
Honw Salv i ER

LA i

,V:: - EP_(?U + 2 ﬁEMﬁ;&Lﬂx_
19 3% 9

_S\"\l“:—i;_m \ S

. Cx y

| 25 1T

Y = o o
3

Extract 17.1: A correct response from one of the candidates.
On the other hand, the candidates’ inability to answer the question correctly can be
attributed to various factors. In part (a), the candidates failed to differentiate the
equation Ax*+By® =1 twice in order to eliminate the constants A and B. In part
(b), some of the candidates failed to rearrange the terms of the equation
(L+y?Jdx =(tan y—x)dy into an exact differential equation of the form

dx

v f (y)g(x) using the appropriate integrating factor €Y As a result, they
y

did not solve it. In part (c), the candidates did not transform the given word
problem mathematically as Oclj—I =—k(T —T,). Most of them ignored the negative

sign in the formula expressing the rate of the decrease in temperature as
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d—T:k(T ~T,). However, the error did not affect the final answer. Other

dt
candidates did not know that, at time t=0, the temperature of water is 100°C.

Hence, they failed to compute the constant of proportionality k in the equation

?j_-lt- = —k(T =T,). In part (d), some of the candidates failed to find the solution of
the complementary and particular integral, while others did not apply the initial

conditions y =1, % =0, where x=0, to eliminate the arbitrary constants A and
X

B from the equation y = Ae* + Be® +3£7sin x+3l7cos x . Extract 17.2 is a sample
answer from a candidate who got the question wrong.

Extract 17.2
11 (& £/ .

Ax2+ Ry2= |
9/17/,‘/ Zu-rt x°

A [ axte By?] =4 /)
Ax \ 4 ZEA
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‘{Lfrf Ls -yt ; a

DA +QRAYY, - o
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/ax

/K‘Qﬁﬂbféx :/K;‘;? x

/]

By —Xd% _ _ o
7 . b /a{)(

Xd%_,, Y GL%,X =0 °

Extract 17: An incorrect response from one of the candidates.
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2.2.8 Question 8: Coordinate Geometry Il

The question had parts (a), (b) and (c). In part (a), the candidates were required to
show that the point B(5, —5) lies on the parabola y? =5x and find the equation of
the normal to the parabola at the point B in the form y =mx+c. In part (b), the
candidates were given that the equation y=mx+c is a tangent to the ellipse

2 2
X—2+y—2=1 and were required to express c in terms of a, b and m. Part (c)

required the candidates to (i) find the rectangular equation of r :12(1+ sin 49) and

(ii) sketch the graph of r=sin28for 0< @ < .

The analysis shows that the question was opted by 7818 candidates, (64.8%) out of
whom, 48.3 percent scored from 12 to 20 marks, 28.1 percent scored from 7.0 to
11.5 marks and 23.6 percent scored from 0 to 6.5 marks. Further analysis indicates
that 91 candidates (0.8%) did the question well and scored all 20 marks, and that
223 candidates (2.9%) scored 0. The candidates' performance in this question was
good, as a substantial number of the candidates (76.3%) scored 7 marks or more.

Figure 18 shows the candidates’ performance in this question.

< 3

& 100 -

= |

o |

E 80 1

= |

o 601 483
by |

S 40 236 281

k= |

5 20 -L E { )

o | —

= |~ —

& 0 +— .

12.0-20.0

Scores

Figure: 18 Candidates’ performance in question 8.
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The candidates who did part (a) well substituted x=5 and y=-5 into y® =5x

and got 25=25, which confirms that the point B(5, —5) lies on the parabola

y? =5x. Furthermore, they differentiated y* =5x implicitly to obtain d_5

dx 2y
and substituted a point B(5,-5) into Zi to get —%, which is the slope of the
y

tangent to the parabola. Since the normal is always perpendicular to the tangent,

they used the formula mm, =—1 to get 2, which is the gradient of the normal to

the parabola. The candidates then determined the equation of the normal to the

parabola as being y=2x-15. The candidates who did part (b) well substituted

2 2
y=mx+c into X—2+Z—2:1 and formulated a quadratic equation in x as
a

( 2+a2m2)x2+2mca2x+azcz—a2b2 =0. Consequently, they recalled that the
condition for a quadratic equation had equal roots and upon necessary
manipulation and simplification of (2mce12)2 =4(a202—a2b2Xb2+a2m2) they
arrived at ¢ =++va’m® +b® . The candidates’ good performance in part (c) (i) can
be attributed to the candidates’ ability to correctly substitute r :m and

y
X® +y?

sing = into r =12(1+sin &) so as to eliminate r and @ and to perform

2
the associated algebra to get an equation (x2+y2)2:144(y+«/x2+y2) . In

addition, the candidates created a table of values relating r and & in the interval
0<@ <, plotted the points (r,49) on a system of polar coordinates and drew a

smooth curve through the points in part (c) (ii). Extract 18.1 is a sample response

from a candidate who got the question right.
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Extract 18.1
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Although the performance was good, 1843 candidates (23.7%) did not answer the
question well. In part (a), a few candidates did not understand the question, as they
did not substitute x=5 and y=-5 intoy? =5x. Similarly, in part (b), a few

candidates did not understand the question, as they did not substitute y =mx+c

2 2

into x_2+y_2 =1, while others made the right substitution but failed to simplify it
a® b

to get (b2 +a’m? )x* + 2mca’x +a’c? —ab? = 0. Moreover, the analysis shows that
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many candidates did not know the tangency condition to a curve i.e. b*> =4ac. In

part (c) (i), some of the candidates used an incorrect substitution of

. X : . y :
sinfd =————— instead of sind=—=——. Thus, they got an incorrect
[XZ + y2 [X2+y2

rectangular equation. In part (c) (ii), the candidates could not plot the points (r,a)
on an xy plane. The analysis indicates that the majority of the candidates prepared

a correct table of values for r=sin26 using the interval 0<& <, but plotted
loops on a system of polar coordinates which were not in the first and fourth

quadrants. Extract 18.2 is a sample response from a candidate who got the question
wrong.

Extract 18.2
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* Extract 18.2: An incorrect response from one of the candidates.
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3.0 ANALYSIS OF CANDIDATES’ PERFORMANCE IN EACH TOPIC
The Advanced Mathematics Examination consisted of two question papers,

Advanced Mathematics 1 and Advanced Mathematics 2 with a total of eighteen
(18) questions based on eighteen (18) topics. In both papers, the candidates were

required to attempt a total of sixteen (16) questions.

The topics on which paper 1 was based are: Calculating Devices, Hyperbolic
Functions, Linear Programming, Statistics, Sets, Functions, Numerical Methods,
Coordinate Geometry I, Integration and Differentiation. The topics on which paper
2 was based are: Complex Numbers, Logic, Vectors, Algebra, Trigonometry,

Probability, Differential Equations and Coordinate Geometry I1.

The analysis indicates that the candidates’ performance was good in eleven (11)
topics. These topics are: Linear Programming, Hyperbolic Functions, Statistics,
Sets, Functions, Numerical Methods, Calculating Devices, Coordinate Geometry I,
Logic, Coordinate Geometry Il and Differentiation. The candidates’ good
performance in those topics was due to candidates' ability to apply the formulae,
definitions, laws, theorems and techniques correctly. Further analysis shows that
the candidates’ performance in six (6) topics was average. The topics are
Differential Equations, Vectors, Trigonometry, Algebra, Complex Numbers and
Integration. These topics were performed averagely because of the presence of (30
- 49) percent of the candidates who got more than 35 percent of the marks which
were allocated for the questions.

On the other hand, the poorest or worst candidates’ performance was in the topic
on Probability, as only 23.9 percent of the candidates passed. This performance is
due to the candidates’ inability to apply the formulae, theorems, axioms, principles
and special statistical distributions to answer the question based on this topic.

40 CONCLUSION AND RECOMMENDATIONS

41 Conclusion

This report is specifically intended to make stakeholders aware of the candidates’
performance in the 2018 ACSEE. Therefore, it presents the strengths and
weaknesses in relation to the responses. The Candidates’ Items-Response Analysis
(CIRA) in 142-Advanced Mathematics 2018 has shown that 83.74 percent of the

107



candidates passed the examination, in comparison to the 74.78 percent of the

candidates who passed the 2017 examination.

The analysis shows that the candidates had good performance in eleven (11) topics,
had good performance, average performance in six (6) topics and poor
performance in one (1) topic. The factors for good or poor performance are given

in section 3.0.

Finally, it is the hope of the Council that this report will be a useful special guide
to teachers, students, policy makers, curriculum developers and other education
stakeholders in their endeavours to improve the candidates’ performance in future

Advanced Mathematics examinations.

4.2  Recommendations
In order to improve the candidates’ performance in similar future examinations,
the following should be done:

1. Teachers should teach all the topics set out in the syllabus.

2. Teachers should thoroughly teach their students how to use non-
programmable scientific calculators and computer packages.

3. Teachers should regularly assign their students adequate exercises, tests
and assessments to do.

4. Projects and excursions should be incorporated into teaching and learning
activities.

5. Teachers should mark students' exercises, tests and examinations on time
and give feedback to their students so that the difficult concepts are
elaborated before the students sit for national examinations.

6. Teachers should identify learners with learning difficulties and assist them
through remedial classes and consultations on difficult areas.

7. Teachers should encourage students to work in groups so that they share
knowledge.

8. Teachers should use appropriate teaching resources during the teaching and
learning process to enhance understanding of concepts by students.

9. Teachers should always encourage their students to study and understand
the facts and theories pertaining to a particular topic. Memorization of any
facts and theories should be discouraged.
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10.

11.

12.

13.

14.

15.

16.

Teachers should strategize in order to improve candidates’ performance in
poorly performed topics (see Appendix IlI).

School authorities should ensure that teachers and students are linked to
various mathematical associations, such as the Mathematical Association of
Tanzania (MAT).

The curriculum developers should think of integrating some topics with
ICT. Integrating them will help students to “visualize” abstract concepts.
Moreover, the application of Advanced Mathematics in real life may easily
be realized through the use of ICT.

Students should thoroughly revise the topics that are difficult to them and,
where necessary, consult their teachers for assistance.

Candidates should read questions carefully in order to understand all
questions and then attempt them as expected.

Candidates should draw proper and neat sketches and diagrams when
deriving formulae for showing the actual facts needed to achieve the
purposes of deriving a particular formula.

Candidates should not make any mistakes in the addition and subtraction of
numbers or expressions because mistakes make subsequent calculations
very difficult and, in some cases, impossible.
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Appendix |

Analysis of Candidates’ Performance in each Topic in the 2018 Advanced
Mathematics Examination

Remarks

S/IN Topic

Number of Question
The % of Candidates
who Scored 35 %or
more

12 Differential Equations 1 56.8 Average
13 Vectors 1 56.6 Average
14 Trigonometry 1 53.8 Average
15 Algebra 1 50.4 Average
16 Complex Numbers 1 47.8 Average
17 Integration 1 47.4 Average
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Analysis of Candidates’ Performance
Advanced Mathematics Examinations

Appendix 11

in each Topic in the 2017 & 2018
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Differential Equations | 1 Average
13 | Vectors 1 56.6 Average
14 | Trigonometry 1 53.8 Average
15 | Algebra 1 50.4 Average
16 | Complex Numbers 1 47.8 Average
17 | Integration 1 47.4 Average




Appendix 111
The Percentage of Candidates’ Performance and the Topics Tested in 2016, 2017 and 2018

Axis Title

100
90
30
70
il
50
40
30
20 I
10
]
. Hyperb Numer| Calcula| Coordi Coordi|_, Differe Compl
Linear | °°, . oo . Differe| .
Progra O|IC.StatIStI Sots Functi| ical tln.g nate Logic nate iatio ntlall"-iector Trigon |Algebr| ex Int.egraPrEbab
mming Functi | s ons |Metho|Device |Geome Geome N Equati| s jometry| a |Numbe tion | ity
ons ds s | tryl tryll ons rs
W2018 | 93.6 | 935 | 921 | 915 | 855 | 8L2 | &0.1 | 797 | 78.0 | 764 | 658 | 568 | 566 | 53.8 | 504 | 473 | 474 | 239
2017 8% | 629 | 933 [ 725 | 481 | 651 | 424 | 158 | 23 | 335 | 435 | 774 596 ) 321 | 239 | 414 | 1L1 | 10.3
W2016| 7.7 | 356 | 166 | 718 | 539 | 278 | 279 | 218 | 742 | 6L4 | 179 | 58 | 561 | 723 | 945 50 1 134 | 121
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