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FOREWORD

The National Examinations Council of Tanzania has prepared this report on the
analysis of the candidates’ responses for Advanced Mathematics items for the
Advanced Certificates Education Examination (ACSEE) 2020 in order to provide
feedback to students, teachers and other education stakeholders on how the
candidates responded to the questions.

The analysis of data and the candidates’ responses is done to identify the strengths
and weaknesses of the candidates on how they answered the questions. Principally,
the report highlights the main areas where the candidates had good, average or
poor performance.

The analysis shows that, the candidates performed well in questions that were set
from topics of Functions, Logic, Algebra, Trigonometry, Numerical Methods,
Linear Programming, Sets, Coordinate Geometry I, Statistics, Complex Numbers,
Integration, Differentiation and Hyperbolic Functions. They did averagely in
questions from topics of Vectors and Probability while the question that was set
from the topic of Coordinate Geometry | had a weak performance.

The candidates’ good performance was due to the following reasons: ability of the
candidates to draw graphs of composite and rational functions, test the validity of
an argument by using a truth table, use the principle of mathematical induction to
prove mathematical statements and ability to solve three linear equations in three
unknown simultaneously. Moreover, the ability to state, recall, apply and use
correct formulae, techniques, laws, and mathematical identities enhanced their
performance. In addition, the candidates had skills to formulate models and draw
figures. However, the candidates’ weak performance was caused by the lack of
knowledge and skills on how to apply the formula for perpendicular distance from
a point to a line to prove mathematical problems and failure to use ratio theorem in
solving problems on locus.

Finally, the council would like to thank everyone who participated in the
preparation of this report.

Dr. Charles E. Msonde
EXECUTIVE SECRETARY



1.0

INTRODUCTION

The Candidates’ Items Response Analysis report (CIRA) for ACSEE 2020
was prepared based on the analysis of data and the candidates’ responses.
The report therefore provides the feedback to educational stakeholders on
how the candidates performed well, average or poor in the examination
questions.

Particularly, the report analyzed the candidates’ performances in all
examined topics for Advanced Mathematics. The Advanced Mathematics
examination had two papers: The first paper had ten (10) compulsory
questions where each question carried ten (10) marks. The second paper
consisted of four (4) compulsory questions in section A where each
question carried fifteen (15) marks and four (4) optional questions in
section B from which the candidates were required to answer any two. In
section B of the second paper, each question carried twenty (20) marks.

A total of 10,125 candidates sat for the Advanced Mathematics
Examination, out of whom 9,176 (90.63%) candidates passed. This
performance is better than that of 2019 whereby 86.74 percent of 10,649
candidates passed. This represents an increase of 3.89 percent in the
candidates’ performance. The candidates who passed Advanced
Mathematics examinations obtained grades ranging from grade S to A as
indicated in Figure 1.

100
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40
30

20 I
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O-II I-L

A B C D E S F
2019 2.1 8.9 18 26.2 236 7.9 133
2020 3.6 12.4 219 25.3 21.0 6.5 9.4

PERCENTAGE OF CANDIDATES

Figure 1: Distribution of Grades for the 2019 and 2020 Advanced
Mathematics Examinations
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The analysis of the individual questions is herein presented. It comprises a
brief account of the requirements of the questions and the performance of
candidates. The factors that accounted for good and poor performance in
each question have been indicated and illustrated using samples of
candidates’ responses.

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 proposed at the end of the report. The
recommendations may serve to help teachers and the government to
improve the candidates’ 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 use

tan25°30'—3/0.03e 3

a non-programmable calculator to evaluate; (i) n3.2 1 0.0066% correct to
n3.2+0.006e™

six significant figures and (ii) 27: 2" (nt)
“~ In(0.3n)

correct to three decimal places. In part
(b), the item instructed the candidates that the population in the city of Dar es
Salaam is modelled by the equation P(t) = P,e” where A =0.034657 per year.
They were required to use a non-programmable calculator to find the time t in

years when the population in the city is three times the initial population F,.

The analysis of data shows that 9898 (97.2%) candidates attempted this question.
Amongst, 7502 (75.8%) candidates scored marks ranging from 3.5 to 10.
Therefore, the candidates' performance in this question was good. Figure 2 shows

the percentage of candidates who obtained weak, average and good performance.

100.0 ~
90.0 -
80.0 -
70.0
60.0 -
50.0 -
40.0
30.0 - 24.2

20.0 -
10.0 6.5
0.0 -

0.0-3.0 35-55 6.0-10.0
Scores

69.3

Percentage of Candidates

Figure 2: Candidates' performance in question 1

Figure 2 shows that 69.3 percent of candidates scored marks ranging from 6 to 10
whereby 3487 candidates equivalent to 35.2 percent scored all 10 marks. The
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candidates who scored all the marks in part (a) (i) performed calculations involving
addition, subtraction, division and multiplication  to  evaluate

tan25°30' —3/0.03e*

In3.2+0.006e**
candidates who scored all marks in part (a) (ii) were able to formulate a series
-4 -5 -6 -7 7 »o-n
27 (4N N 277 (5 . 27 (6N N 27°(T) from Z 27" (nh)
In(0.3)(4) In(0.3)(5) In(0.3)(6) In(0.3)(7) “~ In(0.3n)
n=4,n=>5,n=6 and n=7. Also, they used a non-programmable calculator to
find the sum of terms obtained in the formulated series and wrote the resulting
answer correctly to 3 decimal places as 89.686. The candidates who did part (b)

well replaced P(t) by3P, in the equation P(t) = P,e”; expressed t the subject of

correct to six significant figures as 0.174857. The

by substituting

A as t:In—s; substituted A with 0.034657 to get t:In—3 and finally
A 0.034657

entered the expression _In3 into a non-programmable calculator to obtain the
0.034657

time t as 32 years approximately. Extract 1.1 shows the sample of response by the
candidates who answered the question correctly.

1) |/ 1-74857 % 107!
i i 29. 68
16) P. Relt
P - Bet
3= e/t
Ppply In ol pidey
Ing = lne?t
INng = At Ine
Ine =1
Ing = At~
t = Ind giver~ A= 0-034 37
A ] = .
t = 31.7 yeacy
The Hme_iu _G1-7 yegeg .

Extract 1.1: A correct response from one of the candidates

In Figure 2, it is also shown that 24.2 percent of the candidates scored marks
ranging from 0 to 3 of which 911 (9.2%) candidates scored 0. The candidates who
got wrong answers faced several challenges in answering this question: In part (a)

(i), they did not set calculator in degree mode before using it in answering the



question. Consequently, the candidates got wrong answers such as 0.184173. Also,
a large number of candidates evaluated the numerator and denominator in the
tan 25°30’ —3/0.03¢ *
In3.2 +0.006e°*
obtain the final answer. The most common challenge to majority of the candidates

expression separately and then later divided the values to

was failure to ensure that both values in the numerator and denominator are
correct. It was also noted that a number of candidates could not present the final
answer correctly to six significant figures as they wrote 0.174856741 contrary to
the required one. The candidates who got part (a) (ii) wrong defined a series
7 o

nz In(O. 3n)

using one or two terms by substituting n=4, n=7 or both, ignoring
n=5, n=6 and got an incorrect answer 8.2272222457. Others managed to

7 —n
compute the answer for the expression ZI O(g) as 89.6859766 but did not
n—a n

present it into three decimal places as required. In part (b), some candidates failed
to replace P(t) with 3P, into the equation P(t)=P,e* to solve for t. The
candidates who did not show evidence of getting 31.69 did not recall the rounding
procedure for approximating 31.69 to 32. These candidates faced the challenge of
failure to increase the second digit in the number 31.69 by 1 because the next digit
to 1 is greater than 5. Hence, they wrote 31 instead of 32 years. Extract 1.2 shows

the response of a candidate who could not answer part (a) (i) correctly.

ol a/

tan 5°00 - %0000
'n 9.2+ o bbke®’?

Cotub
y ot e

tao 95736 = 047618 522

S/ b-0lce "’ — 61932 36 %7
Tn 772 = \-\L9150g |
L_. 0 006" = € ocams22e4us




e
\w _
- 430aA15612 — - 19727608F

\-172\2¢19a¢9 L

= 0 2(3226592F AL 0- 242259 1

v fanacie - %/o00e7? = g.pz_‘rlgg IR |
ind-2}+ 0.opGe™

Extract 1.2: An incorrect response from one of the candidates

In Extract 1.2, the candidate made computation slips in working out the terms of
the numerator. He/she obtained the second term of the numerator as 0.27217458
instead of 0.193236387.

2.1.2 Question 2: Hyperbolic Functions

The question comprised parts (a) and (b). In part (a), the candidates were required
to show that (cosh A—cosh B)2 —(sinh A—sinh B)2 = —4sinh? (%) . In part (b),

the candidates were required to use the second derivative test to identify the nature
of the stationary point of the function f (t)=cos2t—4sinht.

The analysis shows that 38.5 percent of the candidates who attempted this question
scored from 0 to 3 marks, 17.1 percent from 3.5 to 5.5 and 44.4 percent from 6 to
10 marks. Generally, the candidates’ performance was good as 61.5 percent of the
candidates got more than 3 marks. Figure 3 illustrates the candidates’ performance
in this question.

100.0
90.0 -
80.0
70.0
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50.0 | 44.4
40.0 - =
30.0
20.0 -
10.0 -

0.0 | |
00-30 35-55 6.0-10.0
Scores

17.1

Percentage of Candidates

Figure 3: Candidates’ Performance in question 2
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The candidates, who did the question well, had adequate understanding of the
concept tested. In part (a), they were capable of expanding the given expression to

cosh? A—sinh? A+ cosh® B—sinh? B—2cosh A—B. Then, with the aid of the
identities cosh?6—sinh?6 =1 and coshQ:coshzg+sinhzg, the candidates

managed to simplify the expression obtained in the previous step as

—4sinh2(¥]. The candidates who answered part (b) correctly, were able to

determine the first derivative of the function f(t)=c052t—4sinht as

f’(t)=—2sin2t—4cosht. Then, they were able to recognise that the first
derivative consists of hyperbolic and trigonometric functions and thus the second
derivative test cannot be applied to determine the nature of the stationary point of
the function f (t)=cos2t—4sinht. Extract 2.1 is a solution obtained by one of the
candidates who answered correctly part (a) of this question.

26} {prgiderne |- M
(Cosh A-Conh 8 ~ (Linh A—Lnh )

ULing focter Forwlm\a
> -2 Cinh AYB Sinh A-B | = | 2Cinh A-b Gah A TS

‘_ x 2 z 2
= 4] SinhZA 48 Linh A= ] - 4 | &inhA -6 Cxh? atp |
2 Zz ) L ra 7 .
2 4 [ GnBA LD Gnh? A= — LinkWiA - fxth? At8 |
2 s 2 2
2 4 | Ginh2A -8 [CnhiAt8 — (och?A TR ) |
2 ya 2

hitb S 32 A — fiah2A =1
Linh?Aa —tshzpa = 71
z 4{@\1& A-8 /-4)]

= U /]
= 4 Lvh*A -0
2
S {Coih A - Cochh B (Sinh x —dinh A)F = “4 Linh? A -1

2

haonce <thowvin -

Extract 2.1: A correct response from one of the candidates

In Extract 2.1, the candidate proved the correctness of the given expression by using
the relevant hyperbolic identities.



On the other hand, 908 (9.6%) candidates did not score any mark. Where as in part
A —A A LA
€ te : sinh A= S Ze :

(@), most of them allowed the identities cosh A=

B —-B B -B
e”+e . e- —e
and sinhB =

coshB = to replace cosh A, coshB, sinh A and

sinh B in the given equation. The candidates could not proceed further to complete
the proof as the resulting expression was difficult to deal with. The candidates who

answered incorrectly part (b) were not able to differentiate f (t):cos 2t —4sinht
properly. The analysis of the responses of candidates reveals that several
candidates got incorrect function for the first derivative as
f/(t) = 2sin2t —4cosht. The correct one was f’(t) =-2sin2t—4cosht. Further

analysis shows that a number of candidates were not aware of the condition that at
a turning point f’(t) =0. Lastly, it was surprising to note how most candidates

substituted t =0 in the function for the second derivative. The candidates were
supposed to set the function for the first derivative is equal to O that is
—2sin2t —4cosht =0. Extract 2.2 is a sample solution from the candidate who
did part (b) of this question badly.

(g) S()(tB = (_OS% - us\n\«t
P adingt - L (ot
)" = ~Lloddk + LSt -

td 300) = g (ostue) + LSl (o)

= L
T S\uﬂwau{ {;m At
Extract 2.2: An incorrect response from one of the candidate

In Extract 2.2, the candidate seems not to have comprehensive idea on how to
identify the nature of the stationary point by using the second derivative test. The

candidate replaced the value in f(t):cos2t—4sinht with t =0 and as the result
failed to continue.

2.1.3 Question 3: Linear Programming

Part (a) of this question read “A farm stocks two types of local brews called
Kibuku and Lubisi, both of which are produced in cans of the same size. He wishes
to order fresh supplies and finds that he has room for up to 1500 cans. He knows

that Lubisi is more popular and so proposes to order at least thrice as many cans of



Lubisi as Kibuku. He wishes, however, to have at least 120 cans of Kibuku and at
most 950 cans of Lubisi. The profit on a can of Kibuku is sh. 3,000 and a can of
Lubisi is sh. 4,000.” Taking x to be the number of cans of Kibuku and y to be the
number of cans of Lubisi which he orders, the candidates were required formulate
a linear programming problem from this information. In part (b), the candidates
were given that a cooperative society has two storage depots for storing beans. The
storage capacity of depot 1 and 2 is 200 and 300 tons of beans respectively. The
beans have to be sent to three marketing centres A, B and C. The demand of beans
at A, B and C is 150, 150 and 200 tons respectively. The transport costs per ton
from depot 1 to X, depot 1 to Y, depot 1 to Z, depot 2 to X, depot 2 to Y and depot
2 to Z are 10,000/=, 20,000/=, 14,000/= 16,000/=, 30,000/= and 8,000/=
respectively. The candidates were required to find the number of tons to be sent to

each of the marketing centres.

The question was attempted by 9922 (97.5%) candidates out of whom 51.1 percent
scored from 6 to 10 marks and 1.0 percent scored all 10 marks. Further analysis
shows that 33.0 percent of the candidates had average performance; their scores
ranged from 3.5 to 5.5 and 15.9 percent from 0 to 3 marks. Generally, the

candidates’ performance was good as shown in Figure 4.

$ 100.0 -

§ |

2 80.0 4|

S |

S 600 1 . 51.1

3 40.0 'l| 159 '

= |

g 200 . L

o 00+ S

& 0 0 3 C;__T______________i__—r____— /

s 35-55 .
6.0-10.0

Scores

Figure 4: Candidates’ performance in question 3
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The candidates who did well were able to write down constraints representing the
given linear programming problem in part (a). Such constraints were
X+Yy <1500,y >3x, x>120, y <950 and X,y >0. Further analysis shows that

most candidates were able to write the correct objective function. Most of them

wrote f(x, y):3000x+4000y and included the instruction to maximise the

objective function. The candidates who answered part (b) correctly exhibited the
following strengths: With the aid of a diagram, they were able to formulate the
inequalities x <150, y <150, x+y<200, x4+y>0 and x,y>0 and the
objective function f(x,y)=9,700,000—-12,000x —16000y . Then, they represented
the inequalities graphically and indicated the feasible region as well as the corner
points A (0, 0), B (15, 0), C (150, 50), D (50, 150) and E (0, 150). Then, they
substituted the x and y value in the objective function with the x and y coordinate
of the corner points A, B, C, D and E to get 9,700,000/=, 7,900,000/=, 7,100,000/=,
6,700,000/= and 7,300,000/= respectively. At last the candidates were able to

conclude that the minimum cost occur when the point is 50,150 which gives 50,
100 and 200 tons of beans to be shifted from depot 1 to A, depot 2 to A and depot

2 to C respectively. Extract 3.1 is a solution obtained by one of the candidates who

answered the question correctly.

T
_J T
?'.. c’ltj‘\ = 32000 X+ 4 Ooij _(Mn!\'m.re)
lwear  reoammopiog  Madel
% (x»:;\ - 2opeol L) + 4000y uuk,eék'eé fs
' b Xty £ 1500 — -
W 22 %0
/ e 4
@& “x zyeo
Wy asL
| VY __XZo _and NP Yo
- G
/\__,/«q\ r
I _ 7‘\_0:,0“7__ mvf;o..x
- el
deatt 1/ 000 " o) 150 -y 7 aro) depch & B
l \-—/ Qo060 20000 \_._,./ T
| q%",:rf Coo BN
4 ™) = o
L &) |
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Uy sp0- (xry) >0
‘ X4y < 200
—
W X+y > o
—_J
Nen  conclrmunts
V) X=>o0
SAET
@ (D Obats _pundion |
) |
| —{~(’—({)‘-)Z lo,000% + 20, ow + &,300, boo ~1HOO0 X
T -14o00y 4+ 9000 X 4 3000y + 4500000 —3(1‘0(10)“
'F-ZQ,HOU,OQO — J6boo x
F—C*:‘-;\Mr— — ]2, 000X '-]L‘,ooog][_;, ‘TT:FC’O, oL O
1 — 7

+H T 2y 222

cormer_poidls £Qe,d) = ~1R000X— (0000 y +9,Fogo0e
Aol o) | qioop 00~
8 (o, 150) 3, 30000%
L e (5o, 150) G /300,000
N (150,5%) 3, 100,000
FE(wv,0) | $, 900000 -
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Extract 3.1: A correct response from one of the candidates

In Extract 3.1, the candidate was able to transform a word problem into a
mathematical model in part (a). Also he/she was able to transform the
transportation problem correctly into a mathematical model. Finally, the candidates

solved the transportation problem graphically.

On the other hand, the candidates who got the question wrong faced the following
challenges: In part (a), several candidates confused the inequality sign < with >
indicating that they did not understand how to represent the phrases “at most” and
“at least” with appropriate inequality. Most of them reversed the inequality. The
frequently seen inequalities were y>3x,x <120, y<950, x+y=>1500 and
X,y <0. Other candidates wrote a system of linear equations y =3x, x =120,
y =950 and x+y=1500 instead of the inequalities. Another challenge was
omission of the instruction to maximise the objective function. Most candidates did
not write the word ‘maximise” behind the function f (x, y) =3000x +4000y . The
candidates who answered part (b) incorrectly failed to present the given
transportation problem diagrammatically and therefore unable to formulate
constraints and the objective function. Also, the candidates confused greater or
equal to with less or equal sign. Such candidates wrote the incorrect inequalities
such as x+y>200,x+Yy>0,x>150 and y>150. Other common errors were

omitting the non negative constraints X,y >0. However, it was pleasing to see
how most candidates were able to draw the graphs for x+y =200, x+y =0,
x =150 and y =150 but many did not label their graphs and others did not shade

for feasible region and sometimes the feasible region was not indicated. Finally,
some poor choices of scale were often seen so that the whole feasible region was
not shown or was too small to be seen. Extract 3.2 is a response from a candidate
who got part of question 3 (b) wrong.

2@ Sﬁmv\

R G LTSN ﬂ~\a.o.zu\ \@nafoced fFoe
depswhk & X A VD" \wo Greaovrd v \oa~s \Zw-
Toed Ro—  dopmk # T VY,
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Extract 3.2: An incorrect response from one of the candidates

In Extract 3.2, the candidate reversed the inequality sign and as a result wrote the

incorrect constraints.

2.1.4 Question 4: Statistics
The question comprised parts (a) and (b). In part (a), the candidates were required

to show that " (x, —X)* = > x> —nx”. In part (b), the candidates were given the
i=1

following distribution table showing the masses in grams for a sample of potatoes:
13



Mass (g) 10-19 | 20-29 | 30-39 | 40-49 | 50-59 | 60-69 | 70-79 | 80-89 | 90-99

Frequency 2 14 21 73 42 13 9 4 2

They were required to; (i) find the arithmetic mean by using coding method and
assumed mean A =54.5, (ii) use the mean obtained in (i) to find the variance and
standard deviation correct to 2 decimal places and (iii) compute the 80™ percentile

correctly to three decimal places.

The analysis of data shows that the question was attempted by 10,019 (98.4%)
candidates, out of which 77.3 percent of the candidates scored above 3 marks.
Further analysis reveals that 22.7 percent of the candidates scored from 0 to 3
marks, 41.3 percent scored from 3.5 to 5.5 marks and 36.0 percent scored from 6 to
10 marks. The data also shows that 133 (1.3%) candidates scored all 10 marks
while 108 (1.1%) candidates scored zero. Therefore, the candidates’ performance
was good. Some of these statistics are displayed in Figure 5.

100.0 -
90.0 -
80.0
70.0
60.0 -
0.0 - 41.3
40.0 - 36.0
30.0 227

20.0 -

0.0 -

0.0-3.0 3.5-55 6.0-10.0
Scores

Percentage of Candidates

Figure 5: Candidates’ performance in question 4

The candidates who responded to part (a) well were capable of showing that the
left hand side of the equation Z(xi —)‘()2 is equal to the right hand side

i=1

> x°—nx* by expanding (x —X)° to Zx —ZXZX +Zx By using the

14




n n
substitution ) "x, =nx and > x*=nx*, they were able to transform the
i=1 i=1

n n n n
equation ' x?—2X> x +> X into > x*—nx*. The candidates who answered
i=1 i=1 i=1 i=1
part (b) correctly demonstrated the following strengths: In (i), they were able to;
fill the frequency distribution table with the correct entries for the column x;,

(x, —A), ﬂi:X‘;A, fu, (x, —AY, f(x,—A), cf, fx and fx* and they

were able to compute Z f.u. and z f. as -144 and 180 respectively. Also, the
i=1 i=1
> fu,

candidates used the formula X = A+ C-+==—— together with the values for Z f.u.
i=1

2"

n

and z f, to calculate the arithmetic mean as 48.17 gram. In (ii), the candidates
i=1

were able to calculate the variance and standard deviation by using the formulae

K

Y le fX2-%2 and o=V to get 199.57 and 14.13 gram respectively. In
i=1

(iii) the candidates managed to calculate the 80" percentile correctly to three

EN—nb
10
n

w

decimal places using the formula P,, =L+ C . A significant number

of candidates managed to express the 80" percentile correct to three decimal places
as 57.595 gram. A sample response of the candidate who performed well in this
question is shown in Extract 4.1.
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Extract 4.1: A correct response from one of the candidates

In Extract 4.1, the candidate was able to prove the statistical expression in part (a).
In part (b) he/she was able to calculate the measure of central tendency and

measure of dispersion.

Despite the good performance, there were few candidates who performed poorly.
The candidates who did not do part (a) well encountered the following challenges:

failure of candidates to retain the sigma notation. The majority of candidates who
ignored the sigma notation ended up writing the series (X, —X)* + (X, —X)* +...

which did not help them to prove the correctness of the given expression. It was

pleasing to see how several candidates expanded > (x-X)° to

17



n
> (x°-2%x +%?) but could not express the obtained results into
i=1

n n
for easier replacement of > x, and > X* with nX and
i=1 i=1

Zn:xiz —ZYZn:xi + aniz
i=1 i=1 i=1

nx’ respectively to get Zx —nx“. The candidates who did not respond to part

i=1

the incorrect and inappropriate formulae such as

(b) correctly used

K- A-cl
> f

failed to

to calculate the arithmetic mean in (i). In (ii) and (iii), most

candidates prepare the frequency distribution table with

X, —A
-A), = c

headings X, , (X; , fu,(x, =AY and f(x, —A)’. The candidates

were supposed to understand that the frequency distribution table is an important
tool for calculating the variance, standard deviation and 80™ percentile. Extract 4.2
is an example of an incorrect solution from a candidate who got part (a) of this

question wrong.

:/Q n i
7 2[11—%)3‘ 2 /X:-nj’?
izt (=7
Coniclor :é [A’/ XJQ
(=)
Whaon /1
[x, - ¥)° + [¥. J/) 4 (53] tWaz)”
= }/1 - ni
Henca _shoeon

Extract 4.2: An incorrect response from one of the candidates

In Extract 4.2, the candidate changed the left hand side of the given expression into

the series. This approach was wrong as it could not give out the intended results.

2.1.5 Question 5: Sets

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

(Am B)’ by using the appropriate laws of sets. Part (b), of the
18
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question read “ The Malya social training college cultural group consists of 36
villagers, 25 of them participate in dancing, 28 participate in singing, while 26
among them participate in drama, 19 villagers dance and sing, 18 villagers dance
and play drama and 15 participate in all three activities. If each villager participate
in at least one of the activities, the candidates were required to use a Venn diagram
to find the number of villagers; (i) who are either dancing or playing drama, (ii)

who participate in at most two activities and (iii) who neither play drama nor sing.

The analysis of data shows that out of 10,117 (99.4%) candidates who attempted
this question, 80 percent scored above 3 marks. The analysis has also shown that
20 percent of the candidates scored from 0 to 3 marks, 29.3 percent scored from
3.5 t0 5.5 marks and 50.7 percent scored from 6 to 10 marks. It was also noted that
1094 candidates equivalent to 10.8 percent scored all 10 marks, while 178
candidates equivalent to 1.8 percent scored 0. Generally, this question was

performed well as shown in figure 6.

3.5-55 29.3

Scores

0.0-3.0 _ 20.0

0.0 20.0 40.0 60.0 80.0 100.0
Percentage of Candidates

Figure 6: Candidates' performance in question 5

The candidates who did question 5 correctly demonstrated the following

competences: In part (a), the candidates managed to use the laws of algebra of sets

namely de Morgan’s law, distributive law, commutative law, associative law and

the idempotent law to simplify the given set expression into A’ B'. In part (b),

the candidates illustrated correctly the given word problem on the Venn diagram.

By using Venn diagram, the candidates were able to answer sub-questions
19



correctly as follows: (i) the villagers who are either dancing or playing drama are
6, (ii) the villagers who participate in at most two activities are 21 and (iii) the
villagers who neither play drama nor sing are 3. 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 A correct response from one of the candidates

In Extract 5.1, the candidate was able to apply the laws of algebra of sets to
simplify the given expression and use Venn diagram to answer the sub-questions
(i), (i) and (iii).

Despite the good performance, there were 178 candidates equivalent to 1.8 percent
who got the question wrong. In part (a), some candidates wrote the incorrect laws
in front each step. Other candidates did not write the laws used though their
working was correct. Also, several candidates committed errors right from the
beginning. Hence, they failed to simplify the given expression into A'nB’. The
candidates who answered part (b) incorrectly encountered the following
challenges: One, failure of candidates to enclose the overlapping circle with a box
defining the universal set. Two, some candidates were able to draw Venn diagram
but could not position correctly the number of villagers in each region of the Venn
diagram. Three, it was pleasing to see how a number of candidates managed to fill
the information on the Venn diagram however answering the sub-question posed a
big problem for many candidates. A sample answer from one of the candidates

who answered part (a) incorrectly is shown in Extract 5.2.

s@| Aup)' n(AnBY —- - given
(Anp)n (A'LB) --- 'eOn;ph‘men’r yule -
(A AYU(ANB) UBnAY Y (Bng') ~-- dishhbutive lay
o u(ans)u(anA)UD - - - demorans
" [Anp) - - -- associodrye low
(Aun)' — - - idempotent law
hb . .

Extract 5.2: An incorrect response from one of the candidates
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In Extract 5.2, the candidate wrote incorrect laws in front of each step.

2.1.6 Question 6: Functions

The question had parts (a) and (b). In part (a) (i), the candidates were informed that
f(x)=x%+1and g(x) =+/x—1 . They were required to find fog. In part (a) (ii),
the candidates were required to copy and complete the following table of values:

X -3 -2 -1 0 1 2

fog

In part (a) (iii), the candidates were required to sketch the graph of fog by using
the table of values in (ii). In part (b), the candidates were provided with the

x> —2x-3

function y = 5 . They were required to find (i) the vertical and horizontal
X

asymptotes and (ii) sketch the graph of y.

The analysis of data shows that the question was attempted by 10,147 (99.7%)
candidates, out of which 97.5 percent of the candidates scored above 3 marks.
Further analysis reveals that only 2.5 percent of the candidates scored from 0 to 3
marks, 11.8 percent scored from 3.5 to 5.5 marks and 85.7 percent scored from 6 to
10 marks. The data also shows that 192 candidates equivalent to 1.9 percent scored
all 10 marks while 0.2 percent scored 0. Hence, the question was best performed in
this examination for two consecutive years. Figure 7 shows the candidates’
performance in this question.

6.0-10.0 M
- 857

35-55 | wr 118
|

|
0.0-3.0 .I 2.5

Scores

0.0 T
50.0 O
100.0
Percentage of Candidates

Figure 7: Candidates' performance in question 6
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The analysis of the candidates’ responses indicates that the candidates were able to
find the composite function fog(x) = x in part (a) (i). In part (a) (ii), they managed
to fill in a table with the required entries by substituting x=-3, -2, —1,0, 1 and
2 into fog(x) =x. In part (a) (iii), they correctly sketched the graph of fog by
using the table of values in (ii). Further analysis shows that the candidates who

answered part (b) correctly solved x* —4=0 to get vertical asymptotes x =2 and

2
x=-2. Also, they evaluated y = !L@[#] to get horizontal asymptote
—-2x-3
y=1. In part (b) (ii), the candidates solved —4—0 for the purpose of
X —

obtaining x - intercepts —1,0 and 3,0 . Also they were able to replace x with 0

2
iny :iﬁf_?’ to come up with y — intercept [0, %] Finally, the candidates

2

used the information obtained in parts (i) and (ii) together with a table of values to

x?—2x—3

trace the path of y = > in three regions namely x<-2, —2<x<2, and
X

x> 3. Extract 6.1 is a sample response taken from a candidate who did the

question correctly.
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Extract 6.1 A correct response from one of the candidates
In Extract 6.1, the candidate demonstrated competences in sketching the graph of

composite functions.
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Despite the best performance in this question, there were 254 candidates who

scored low marks. The candidates found gof instead of fog in part (a) (i). They
were not awarded the marks for the procedures of arriving at the final as gof = x.

In part (a) (iii), several candidates did not use the table in (ii) to draw the graph for

fog. Asaresult they drew the line y = x as a continuous function with arrows on

both sides. In part (b), the candidates confused the procedures of determining the
horizontal asymptotes with vertical asymptote. Some candidates reversed the

calculations of these asymptotes. Hence, they were unsuccessful in tracing the path

2 — —
for the graph of y:%. Extract 6.2 shows a sample response from a
X

candidate who did part (b) of this question poorly.

b6 ¢ b) Juarn (D

Y:x*-ay -3
x* - ¢

« Hor'zonkal axymrhl:ﬁ
Xk x'-v:o

- 4

x:a

* \Jgrh’cql. agy mp‘.ﬂ\:ﬂ

xL ax 3
X O = Y — et | fe e
fyxl — VI‘L [ ‘Vxl i
W) 10 1 - % - Y At
{ - ‘+/x?.

Av X afa'prucc]\ b T Hhet W 0

J'O"O:

)
1 -0 A

o'o VEVE’:&L atgmpkote 10 1 4ad l‘lorTzonL:[. anl;mphl‘.e v 2

25



3
H-ax e
A

I ETa e S e T\ 5, e r{

|
| k

| |

i
=6 x-Li
i
|

|
SR

Extract 6.2: An incorrect response from one of the candidates
In Extract 6.2, the candidate was not careful as he/she committed blunders in

working out the asymptotes.

2.1.7 Question 7: Numerical Methods

The question had parts (a), (b), (c) and (d). In part (a), the candidates were required
to use the Trapezium rule with 5 ordinates to find an approximate value for

L4x\/9+x2dx correct to three decimal places. In part (b), the candidates were
required to use the Simpson’s rule with 5 ordinates to find an approximation for

4 . .
J.Ox\/9+x2dx correct to three decimal places. In part (c), the candidates were

required to find the value of the integral J': Xv9+ x?dx. In part (d), the candidates

were required to compare the results obtained in part (a) and (b) with the results in

part (c) and then state the method which gives a better approximation of

.[:x\/9+x2dx.
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The question was attempted by 97.7 percent of the candidates, out of whom 15.4
percent scored from 0 to 3 marks, 16.5 percent from 3.5 to 5.5 marks and 68.1
percent from 6 to 10 marks. Generally, the candidates’ performance was good, as
84.6 percent scored above 3 marks. Figure 8 is a summary of the candidates’

performance in this question.
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Figure 8: Candidates’ performance in question

The candidates who answered this question correctly demonstrated the following

strengths. In part (a), most of them substituted a=4, b=0 and n =5 into the

formula d = b_il to obtain the value of h =1, constructed a table of values with

correct entries for x and xm , and used a table of values and the Trapezoidal

rule A:% Vi +Ys+2 Y, +Y;+Y, ] to approximate the value of jxmdx
0

to three decimal places as 33.101. In part (b), the candidates were able to use the

table of values in part (a) and the formula A=%[y1+y5+4(y2+y4)+2y3] to

4
approximate the value of Ix\/9+ x*dx correct to three decimal places as 32.661.
0
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In part (c) the candidates allowed u=9+x*, dx = ;i_u u=9 and u =25 to take
X

the place of 9+ x?, dx and the limits of integration x =0 and x =4 in the

4

integral J'x\/9+x2dx. Then, they evaluated % j:su%du correct to three decimal

0

places as 32.667. In part (d), the candidates evaluated the absolute error in relation
to Simpson’s and Trapezium rule as 0.006 and 0.434 respectively. Finally, the
candidates concluded by stating that Simpson’s rule gives a better approximation

4
for Jx\/9+ x*dx than trapezium rule. Extract 7.1 is a sample solution from one of
0

the candidates who performed well.
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Extract 7.1 A correct response from one of the candidates

The candidates who did not answer the question correctly encountered the
following challenges: In parts (a) and (b), the candidates used the formula

d= a-b instead of the formula d = to calculate the width for each strip.

n n-1
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These candidates got d = 0.8 instead of h =1. The wrong width for each strip led
to incorrect filling of a table with x values equal to 0, 0.8, 1.6, 2.4, 3.2, 4 and

x«/9+ x* value equal to 0, 2.4849, 5.44, 9.2205, 14.0363, and 20. Such candidates

4
obtained incorrect approximations for J'x\/9+x2dx in both Simpson’s and
0
Trapezoidal computations and hence, reversed the conclusions that Trapezoidal

4
rule gives a better approximation for the definite integraljx\/Q +x%dx, see Extract
0

7.2. However, it was surprising to see how several candidates filled the table of
values with correct entries but reversed the calculations for the rules. In part (c),

4
some of the candidates could not find the actual value of jxvg + x2dx. This means
0

they lacked the knowledge and skills for doing integration using substitution
technique. In part (d), some 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 for the definite integral.
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In Extract 7.2, the incorrect length of each strip led to wrong responses in every

Extract 7.2: An incorrect response from one of the candidates

part of this question.
2.1.8 Question 8: Coordinate Geometry |

The question had parts (a), (b) and (c). In part (a), the candidates were instructed
that “If m and n are the lengths of the perpendicular distance from the origin to the
lines xcos@—ysind=pcos20 and xsec@+ycosecHd = p respectively.” They
were required to prove that m?+4n®=p”. In part (b), the candidates were

required to show that the bisector of the acute angle between y=x+1 and the x-

31




axis has the gradient of ~1++2. In part (c), the candidates were informed that a

point P lies on the circle of radius 2 whose centre is at the origin. If A is the point

(4, 0), they were required to find the locus of a point which divides AP in the ratio
1:2.

The analysis of data shows that 6624 (65.1%) candidates attempted this question.
Therefore the question was skipped by many candidates (34.9%). Also, it was the
worst performed question in this examination whereby 81.8 percent of the
candidates scored from 0 to 3 marks. Figure 9 shows the percentage of candidates

with low, average and good scores.
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Figure 9: Candidates’ performance in question 8

As shown in Figure 9 most candidates scored low marks of whom 34.6 percent of
them scored 0. The candidates who scored 0 faced the following challenges: In part
(a), the candidates failed to apply the formula for calculating the perpendicular

distance from the point x,y, to the line ax+by+c=0 on
Xcos@—ysind=pcos260 and xsecd+ycosecd=p in showing that
m?® +4n® = p*. Similarly in part (b), several candidates were unable to apply the
_ |ax, + by, +c|
- Ja? +b?

y=x+1 and the x-axis has the gradient —1++/2. Due to this challenge, most

32

formula d in showing that the bisector of the acute angle between



candidates could not identify that when the equation y =0 is rearranged to
Ox+y+0=0, the value of a, and b, in the right hand side of

[ax+by+cf _ [ax+by+c]
«/312 + b12 \llazz + b22

candidates failed to apply the ratio theorem m(x, y) =(

becomes 0 and 1 respectively. In part (c), the

X, +mx, Ny, +my, j o
n+m n+m

find the required equation of locus. The analysis of the candidates responses shows

that many candidates used the formulae x*+4y*+2gx+2fy+c and

r=4/g°+ f?—c, the radius 2 of a circle and point 4,0 to find the locus of a

point which divides AP in the ratio 1:2. These candidates ended up getting
X’ +y?+8x+12=0 instead of 3x*+3y*-16x+20=0. Extract 8.1 is a sample
solution from a candidate who got the question wrong.
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Extract 8.1: An incorrect response from one of the candidates
In Extract 8.1, the candidates lacked competence in solving a locus problem.

Only 19, out of the 6624 candidates who attempted the question, scored all 10

marks. In part (a), the candidates were able to rearrange the given lines into
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Xcos@—ysin@d—pcos26 =0 and xsecd+ ycosecd— p =0 respectively, find the
perpendicular distances m= pcos26 and n= psingdcosé of origin 0,0 from

the given lines and they were able to add m? and n?® to arrive at m® +4n® = p®. In

part (b), the candidates were able to equate the distances of a point on the bisector

of the acute angle from the line y = x+1 and the x-axis and manipulate the relation

X—y+1
4

they were able to apply the formula for the point which divides the line segment

to show that the bisector has the gradient of ~1++/2. In part (c),

AP internally whereby the point P a,b is on the circle, express the coordinates of
P in terms of x and y as a=3x-8 and b=3y and substitute a and b into

a®+b”* =4 to get the locus 3x*+3y* —16x+20=0. Extract 16.2 shows a solution

of the candidates who performed well in this question

e X COLO ~ Y&no - pCOS2 B

B0

> X&ec® 4y c0sECH : p
m = | xcoep- ysing — pco&--?B'f
4 T
Jcoer01sin?g

but  x,y) - (O/O) ., (03B t6in%@ =1

S0, mz | -peoeaod]
1

Nz ] _Xsec® + ycvsec® -p|

il

[ Sec?e t cosec?b
but C;(;L,f) = CG;O)
Sec*o t cosec®® = 1 +

c06°0 gin®®

206%9 1 ainog
CoOL*Be,n 1D )

Sec?® 4 cogec’® = 1

080 & n?B
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Extract: 8.2 A correct response from one of the candidates

2.1.9 Question 9: Integration

The question consisted of three parts (a), (b) and (c). In part (a), the candidates

were required to find the indefinite integralv[lslidx.
+COS X

In part (b), the

candidates were required to evaluate the definite integral f In xdx. In part (c), the

candidates were required to find the length of an arc of the curve given by the
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parametric equations x =a(cosé+@sin 0) and y= a(sin 60 —6cos 6?) from 6=0
to 6=2r.

The analysis of data shows that 8520 (83.7%) candidates attempted this question.
Amongst, 6258 (73.5%) candidates scored marks ranging from 3.5 to 10.
Therefore, the candidates' performance in this question was good. Figure 10 gives

the percentage of candidates who obtained weak, average and good performance.

100.0 -
® |
= |
£ 800 -
= |
c |
S 600 -
5 || 50.4
o 26.5
g 4001 23.1
S |
e 200 A
0.0 = T —_
0.0-3.0 I
35-55 R —
6.0-10.0
Scores

Figure 10: Candidates' performance in question 9

Figure 10 shows that 50.4 percent of candidates scored marks ranging from 6.0 to
10 of which 1327 equivalent to 15.6 percent scored all 10 marks. The candidates
who scored all marks demonstrated the following competences. In part (a), they
used the t-formula while others used the substitution u=1+cosx to find the
sin x

indefinite integral Il
+COS X

dx as In

+c. In part (b), the candidates used

X
sec? =
2

the integration by parts technique f udv =uv — f vdu to evaluate the given

definite integral. In this case they identified suitable functions representing u

(u=Inx) and dv :fdx then differentiated u to get du :d_x integrated dv to
X

get v=x. Finally they evaluated J'le Inxdx by putting u=Inx, v=x and
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dx .

du=— into fudv :uv—fvdu to obtain 8.38906. In part (c), the candidates
X

were able to find %% and % of x=a(cos@+6sind) and y=a(sind—0cosd)

as a dcosf and a #sinf respectively, evaluate the length an arc by putting the

dx dy . %ldx ) (dy) : .
values of — and —Z- into the formula I = [ /| = | +| -2 | d@ ending up with
do ° do W\ ae) "ldo

27°a units. Extract 9.1 represents a sample solution from one of the candidates

who had adequate skills on the concepts of integration.

4¢) (ciny dx _ Jols
{ trocx { e dx
3 ) | tcocx
ld Vtrocx be u
dugye = ~ginX
dx = - 4%«

~ [ ox € ‘JU
U Linx
~ [ du
u
:*/nu#C«Mu=/+(w£X

7

= - In(§ +tosx) +C.

2
b) (% bhoxdx Joln,
J,l 6mm ’ﬂf’nmmhl?c)n éﬂ" ypa/’l?(d' , JIATE
/ey,\(o/nmj%
}
ld hx be o,
Pl = Uy = d'%r
Jc/v - _/X”gl,(
Y= X
Sudv = vv-Svau
jX°/ﬂKQ’K - Xhx - f/To/g(/

T loxdx - xix - Hix
Sinxdn= rlox -x
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Extract 9.1: A correct response from one of the candidates
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On the other hand, 26.5 percent of the candidates scored from 0 to 3 marks of
which 613 (7.2%) candidates scored 0. The candidates who scored no marks faced
the following challenges: In part (a), the candidates were unable to apply the
substitution u=1+cosx to the given integral. For instance, one of the candidates

selected u=1+cosx but during the process of finding the first derivative

expressed dx in terms of du and sinx as dx :fj—u instead of dx :__d_u . The
sin x sin x
. in .
candidate got f SINX 4x — In[l+cosx|+c instead of
1+ cosx

f SN X dx:ln[ 1 ]+c. Some candidates who applied the t-formula
1+ cosx 1+ cosx

committed errors in quoting the formula of sinx,cosx and dx therefore they were
unable to reach the final answer. In part (b), some candidates used the substitution

u = Inx which did not help them to write the original integral in terms of u as they
found themselves required to find f uxdu . Others integrated Inx to get 1 which
X

was wrong. In part (c), the candidates used wrong formulae to calculate the

required length of the curve. The incorrect formula which were frequently noted by

o dx | dy ? 0, dy ’
the markers include IAB:f [@] +[@] and IAB:f 1+[@] . Such
o, 6

candidates ended up with the incorrect length such as 4a’r units instead of 27°a

units. Another common mistake was failure of candidates to correctly differentiate

x=a(cosf+0sinf) and y=a(sind—Hcosd) with respect to 6 to get

a fcosf and a fsinfd . Extract 9.1 is a sample answer from one of the

candidates who answer part (c) incorrectly.

uDE uIry

ﬁ?vﬁvee:éa '
10 X 2 Q(w;@ f@skh@)
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Extract 9.2: An incorrect answer from one of the candidates

In Extract 9.2, the candidates lacked an understanding on how to differentiate the

parametric equations and also he/she was unable to recall the correct formula to

find the length of an arc.

2.1.10 Question 10: Differentiation

In this question, the candidates were required to (a) find the derivative of x" from

first principles, (b) use Taylor's theorem to expand cos(%+ hj in ascending
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powers of h up to the term containing h® and (c) find the least possible value of
x? +y? given that x +y =10.

The analysis of data shows that out of 8699 (85.5%) candidates who responded to
the question, 5359 (61.6%) candidates scored the marks ranging from 3.5 to 10.
Therefore, the candidates' performance in this question was good. Figure 11 shows
the percentage of candidates who had weak, average and good scores.

100.0
90.0
80.0 -
70.0
60.0
50.0
40.0
30.0 -
20.0 -
10.0 -

0.0 -

38.4

35.5

26.1

Percentage of Candidates

0.0-3.0 35-55 6.0-10.0
Scores

Figure 11: Candidates' performance in question 10

Figure 11 shows that 2271 (26.1%) candidates scored from 6 to 10 marks with 160
(1.8%) candidates scoring all 10 marks. The candidates who answered part (a)

n-21,2
n(n-1)x"*h N
21
substitute  x" and the expansion of (x+h)" into the formula
f(x+h)—f(x)

correctly were able to expand (x+h)" to x"+nx""+

n

f'(x)=lim

lim toget f'(x")=nx"". The candidates who answered

part (b) correctly were able to replace the terms of the Taylor expression

e (e p B (o8

6 2! 3! 2

f (Zj _ __1 f "(Ej - ;\ﬁ and f "'(E) _1 to get
6 2 6 2 6 2
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2 3
cos(erhj:i—— —fh h— The candidates who answered part (c)
6 2 2 4 12

correctly were able to: express p in terms of x as p = x +(10- x)z; find the first

derivative of p ($=4x—20), set the first derivative of p is equal to 0 to get
X

2
d E =4 >0 and were able to replace

x =5, identify that p has a least value since

x with 5 in the equation p =x?+(10-x)” to get the least value of x*+ y? as 50.
Extract 10.1is a sample solution from a candidate who did this questlon well.
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Extract 10.1: A correct response from one of the candidates

\

axt —2ex 4 jve -

On the other hand, 38.4 percent of the candidates scored from 0 to 3 marks out of
which 3.7 percent scored 0. The candidates who answered this question incorrectly
faced difficulties as follows: In part (a), some candidates did not show the

procedures on how they arrived at f’(x”)znx”‘l. Other candidates failed to

expand (x+h)n correctly.  Most of them expanded it as
X"+nx"*th+n(n-1)x"?h*+... or x"+nx"*h+n(n-1)x"*h’+... and several
formulated it f(x+h) as x"". In part (b), the majority of candidates recalled

correctly Taylor’s series expression for f (a+h) but they were unable to evaluate

the derivatives of f x at x=—. In part (c), some candidates differentiated

T
3
X+y=10 instead of p=x*+y®. Other candidates differentiated p= x>+ y?

implicitly as 2yd—y+2x:0 instead of d—|O:2x+2yd—y. Such candidates were
dx dx dx

unable to find the required least value. Extract 10.2 is a sample solution of a
candidate who did part (c) of this question badly.
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Extract 10.2: An incorrect response from one of the candidates

In Extract 10.2, the candidate failed to solve a problem involving minimum values.

2.2  142/2 ADVANCED MATHEMATICS 2
2.2.1 Question 1: Probability

The question was

@) Eggs are packed in boxes of 500. On average 0.7% of the eggs are found to
be broken. Find the probability that in a box of 500 eggs;

Q) exactly 3 eggs are broken
(i) atleast 2 eggs are broken.
(Write your answers in four significant figures)

(b) As an experiment, a temporary roundabout is constructed at the crossroads.
The time, X in minutes, which vehicles have to wait before entering the
roundabout is a random variable having the following probability density

0.8-0.32x, 0<x<25

. . Find the mean waiting time for
0, otherwise

function f(x) ={

vehicles and standard deviation for the distribution.

(c) The mean weight of 600 male villagers in a certain village is 79.7 kg and
the standard deviation is 6 kg. Assuming that the weights are normally
distributed, find how many villagers weigh more than 90 kg.
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(d) How many possible combinations of six questions are there in an

examination paper consisting of a total of eight questions?

The analysis shows that the question was attempted by 10015 (98.4%) candidates
of whom 15.7 percent scored from 9 to 15 marks, 28.7 percent from 5.5 to 8.5
marks and 55.7 percent from 0 to 5 marks. Further analysis indicates that 31
(0.3%) candidates did the question well and scored all 15 marks while 1256
(12.5%) candidates scored 0. The candidates’ performance in this question was

average as shown in Figure 12.

d

9.0-15.0
S ' 287
655-85 '
[&]
w
55.7
0-5.0
0.0 20.0 40.0 60.0 80.0 100.0

Percentage of Candidates

Figure 12 Candidates’ performance in question 1

The analysis of the candidates’ solutions reveals that the candidates who answered
this question correctly demonstrated the following strengths. In part (a), the
candidates realised that n>50 and p<0.1 and therefore the problem can be

—-A 1x
e
where

solved by using the Poisson’s distribution formula P(X =x)= |
X!

A=500x0.07 = 3.5. Hence, they correctly computed the required probabilities to
4 significant figures as 02158 and 08641 respectively. In part (b), the candidates
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b
were able to find the mean waiting time by using the formula E(x) = J'xf (x)dx to

get 0.8333 and standard deviation using the formula az\/E(x)z— E(x) ? and

b
E(x2)='|‘x2f(x)dx to obtain 0.5893. In part (c), the candidates were able to

identify that the villagers weighing more than 90 kg must weigh at least 90.5 kg of

which when expressed in standard units is equal to z :kgg'? =1.8. Then,

they used calculators or statistical tables to evaluate the proportion of villagers as
the area to right of z=1.8 to get 0.03593. Finally, they multiplied 0.03593 with
600 to get 22 as the number of villagers weighing more than 90 kg. The candidates

]
who answered part (d) used the formula "C, :ﬁ to find the number of

possible combinations of six questions out of eight questions as 28. A sample
answer from one of such candidates who answered part (c) and (d) correctly is
shown in Extract 11.1

4 @) seln- .
rQl'\/eW/ wmean (M) =— eV 4TV ka

Py . .
—gl—emchx'ﬁl Depctn @) =  ©Ffs™
\’P{’a’ruf{’ap.ﬁ Nam For- of. 6t (gh neo Hom

T ot

A=k / FCXx=70) = I-

e 2
<3
" Foc Conbmudgpr L~ SO B
T X779 — ‘1’{% z 17 N
| | & /.

P(X 2905 — F(z 7 ["5)
f\ o

('27\4'1 "C’/KW’ ﬁu—-&dﬂ"ﬁ
48




TN
/ \
7 X
l, (? P |
FCz 2 1r8) = P Cre)
o o 08E T ¢

uoG win

() N 0‘—,{3— '\/ﬂ\\‘gnm .

— ©0-0EBS5IX XLoo

= (2 8N Al \ oty

3y A

!\JW“"V St Vﬂ'\'-eqw WG R vl

-Aj_%cr'n Peig —— 'L-'?-V'i"]qa;ec_:_
\J'VPV‘,’,
N = ' K '
(' == ;é
Ty .
[l — Tl
(Cn-vY|r].
Sl — =)
© (=-e)} <.
&Ce e \gl‘:
pl. &l .
= S XEXL]
8 X G-
— $f/). — o

_p ]
\-'\G/(Q e KR c‘trrn!}:jﬂq74—(m’ e;;?- LQ'X'

TL(.GJAD[WJ '

Extract 11.1: A correct response from one of the candidates
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On the other hand, 1256 (12.5%) candidates who got the question wrong

encountered the following challenges. In part (a), most of them used the binomial

distribution formula P(X =x)="C_p*q"™ instead of the poison distribution

-4 9%
formula P(X :x):e |/1 . These candidates did not know the assumptions
X!

underlying the application of the two probability distributions. In part (b), many

candidates evaluated the definite integrals E X :L/;Z'S 0.8—0.32x dx and

2.
E x° :j; i 0.8—0.32x “dx to get the mean waiting time and expectation of x*.
The candidates were supposed to understand that the mean waiting time is the
expectation of x and is given by E(Xx) :102'5(0.8x—0.32x2)dx while E x* is used
to find the standard deviation and it is given by the expression
2 b 2 25 2 3 : :
E(x )=.[ X f(x)dx=_[O (0.8x* —0.32x%)dx . In part (c), the candidates did not

add 0.5 kg to 90 kg to get x is equal to 90.5 kg. Such candidates ended up
calculating z score directly using x =90Kkg instead of x =90.5 kg and thus they
incorrectly calculated the number of villagers weighing more than 90 kg as 26
instead of 22. In part (d), many candidates confused the formula for calculating
combination with permutation. The frequently noted error was using the formula

®P, to get 20,160 instead of °C to get 28 as the expected answer. Extract 11.2 is a

sample response of a candidate who did part (a) badly.

1a)| mne 500
P:o.2% =0.00%"
P+2=1.
0003+ 3 =1
2:-1-0:002%
2-0-992

L) 1) Plx=2) = hC,{ pX%h-X

= 5990, (0.003)%-(£:998)°°°" %
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Extract 11.2: An incorrect answer from one of the candidates

In Extract 11.2, the candidate could not solve the given question in part (a) using
Poisson distribution.

2.2.2 Question 2: Logic

This question had parts (a), (b) and (c). In part (a), the candidates were required to
use the laws of propositions of algebra to simplify the compound statement
(pAg)v[~rAa(ga p). Inpart (b), the candidates were given the argument “If he
begs pardon then he will remain in school. Either he is punished or he does not
remain in school. He will not be punished. Therefore, he did not beg pardon”. They
were required to describe this argument in symbolic form and test its validity by
using a truth table. In part (c), the candidates were required to construct a network

diagram for the proposition (p A q)A[(rvs)aw].

The analysis of data shows that the question was attempted by 10169 (99.9%)
candidates. Also, the analysis shows that 7 (0.1%) candidates did not attempt this
question. Further analysis shows that 92.9 percent of the candidates scored above 5

marks of which 18.9 percent scored all 15 marks. Thus, the question was among
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four questions which were best performed in this examination rating the second
position in rank order of the candidates’ performance. Figure 13 shows the

percentages of candidates with weak, average and good performance.

d
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3 ' 15.3

655-85 | w '

Q

v

7.1

0.0 20.0 40.0 - 60.0 80.0 100.0
Percentage of Candidates

Figure 13: Candidates’ performance in question 2

As shown in Figure 13, many candidates (77.6%) scored from 9 to 15 marks.
These candidates demonstrated the following strengths: In part (a), the candidates
managed to simplify the given statement into pAqQ by using commutative,
identity, idempotent and distributive laws of propositions of algebra. In part (b),
the candidates considered the letters p, g and r to represent the components he begs
pardon, he remains in school and he is punished respectively. Then, they connected

letters with logical connectives to represent the given argument symbolically as
[(p = q)A(rv ~g)a~r]—~ p. Also, the candidates constructed a truth table for
[(p > q)A(rv~qg)a~r]—~ p and were able to conclude that the argument is

valid since the last column at the right contains only T. In part (c), the candidates
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were able to draw the diagram of network that correspond to the compound

statement (pAQ)A[(rvs)aw]. Extract 12.1 shows the solution of a candidate

who answered this question correctly.
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Extract 12.1: A correct response from one of the candidates
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Despite the good performance there were 73 (0.7%) candidates who did not score

any mark. In part (a), the majority of the candidates used laws of algebra of

proposition incorrectly to simplify (p Aq)v [~ rA(q A p)]. As a result, they ended
up with incorrect simplified statements such as pAQgA~r . Also, there were

candidates who applied correct laws but did not state the appropriate names of laws
or did not state the names at all. In part (b), most candidates failed to connect the
premises p—q, r v~(, ~r and the conclusion ~p with logical connectives to
get [(p—=>g)A(rv~ag)a~r]— ~ p. Thus the candidates were unable to fill the
truth table with correct T and F values. The candidates who answered part (c)
incorrectly failed to connect the switches p, q and w in series with the parallel
connection of the switches r and s in order to construct a network diagram. Extract
12.2 is a sample responses from one of the candidates who did the part (b) and (c)
badly.
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Extract 12.2: An incorrect answer from one of the candidates

In Extract 12.2 the candidate failed to test the validity of an argument in part (b). In
part (c), the candidate failed to represent a compound statement with a network

diagram.
2.2.3 Question 3: Vectors
This question comprised parts (a), (b) and (c). In part (a), the candidates were

required to find a unit vector perpendicular to both vectors a+b and a—b, where

a=3i+2j+2k and b=i+2j—2k. In part (b), the candidates were given the area

of a parallelogram as 56 square units. If the adjacent sides of the parallelogram
are i—-2j+4k and 2i+j—4k respectively. They were required to find the

positive value of A. In part (c), the candidates were informed that “a particle is
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moving so that at any instant its velocity v is given by v:3ti—4i+tzlg. If the
particle is at point P(1,0,1) when t=0. They were required to find (i) the
displacement vector when t =2 and (ii) the magnitude of the acceleration when
t=2.

The analysis of data shows that 10112 (99.4%) candidates attempted the question,
of which 5854 candidates (57.9%) scored marks ranging from 5.5 to 15. Therefore,

the candidates' performance in this question was average. Figure 14 summarizes

the analysis of data in the candidates' performance.
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Figure 14: Candidates' performance in question 3

The candidates who correctly answered part (a) were able to cross multiply vector

a+b and a—b to get 16i —16j—8k. Also, they were able to compute the unit

(a+b)x(a-b)

(a+b)x(a—b)

vector perpendicular to a+b and a—b using the formula

get %(Zi—ZJ—K). In part (b), the candidates were able to cross multiply the
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adjacent sides of a parallelogram to get the vector i(8—\)+ j(4+2)) +5k . Then,
they equated the magnitude of i(8—A\)+ j(4+2))+5k with the area of the
parallelogram (5\/6 ) to obtain A =3. The candidates who correctly answered part
(c) (i) integrated the velocity y=3ti—4i+tzk to get the expression for the
displacement as s = gtzl —4 +%t3g+c where the constant of integration att =0
iIs c=1+k. Also, the candidates managed to obtain the displacement vector as

71—8j+1—31& when t=2. In part (c) (ii), the candidates differentiated

v=3ti-4j +t%k with respect to t to get the acceleration at t =2 equal to 5 units.

Extract 13.1 is a sample solution from of one the candidates who correctly

answered part (b) and (c) of this question.
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Extract 13.1: A correct response from one of the candidates
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Further analysis shows that 42.1 percent of candidates scored low marks. These
candidates encountered the following challenges. In part (a), majority of the

candidates obtained the correct vectors for a+b and a—b but committed errors
in finding a+b x a—b . Other candidates found the unit vector for a+b and

a—Db separately. This indicates that they did not understand the requirements of

the question. In part (b), most candidates applied the formula for calculating the
area of a parallelogram as length x width instead of cross multiplying vectors

i—2j+Xk and 2i+ j—4k. It was surprising to note how several candidates were

able to equate the given area of the parallelogram with the magnitude of
i(8—X)+ j(4+2)) +5k but could not solve the equation 5\? +105 =150 to get
A=3. In part (c) (i), it was noted that many candidates differentiated

v=3ti —4j+t’k to find the displacement vector. The candidates were supposed to

understand that the displacement can be obtained using the relation s :fydt. It
was also noted that a number of candidates substituted t=2 in
3.,. .1, : . 8, . .
§:§tl_4ﬂ+§tK+C to get §:6|_—8J+§K ignoring the constant of
integration. The candidates were supposed to be aware that at t=0 s =i +k and
therefore the constant of integration is ¢ =i +Kk. In part (c) (ii), some candidates
failed to differentiate v :3ti_—4j+t2K with respect to t to get a =3i + 2tk . For

instance, a considerable number of candidates differentiated the given vector to get

the incorrect vector a=3i —4j +2tk. Others were able to obtain a=3i +4k at

t =2 but could not find its magnitude to get acceleration equal to 5 units. Also,

several candidates did not substitute t=2 into a=3i +2tk to get a=3i +4k.

Such candidates evaluated the magnitude as |g|:‘\/32+22 instead of

al =3 +4?
al

the candidates.

. Extract 13.2 is a sample responses showing some mistakes done by
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In Extract 13.2, the candidate could not integrate the given vector for velocity to
determine the required displacement in part (c) (i). In part (c) (ii), the candidate did

not compute the magnitude of vector 3i +4k to get the acceleration as a scalar

Extract 13.2 An incorrect response from one of the candidates

quantity.

224

Question 4: Complex Numbers

The question was

(@)

If z=a+ib, prove that zzZ is a real number for all complex numbers z.
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b Given that z=cos#+isinf, express cos*6d as the sum of cosines of
p

multiple of 6.

(© If z:coswrisinoz,showthatiz1 1-itan| £ |].
1+z 2 2

The analysis of data indicates that 10041 (98.7%) candidates attempted the
question, out of which the scores of 7683 (76.5%) candidates ranged from 5.5 to 15
marks. Therefore, the general performance of the candidates in this question was
good. Figure 15 shows the percentage distribution of candidates who got low,
average and good scores.
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Figure 15: Candidates’ Performance in question 4

The analysis of data shows that 2437 candidates (23.9%) scored all 15 marks. The
candidates who scored all marks demonstrated the following strengths: In part (a),
the candidates were able to show that when the complex number z=a+ib is
multiplied by its corresponding conjugate Z =a—ib, the result zz is a real number

a’+b®>. In part (b), the candidates expanded (z+2)* to

7* +47°7 +62°7* +422° +7*. Then, they substituted the complex number
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z =cos@+isin@ and its conjugate Z = cosfd —isiné in the expansion (z+7)* in

order to express cos*é as the sum of cosines of multiple of ¢ is equal to
%cos40+%00520+g. In part (c), the candidates were able to substitute

Z=cosa-+isina into ﬁ to get ! . Then, the candidates used
z

l1+cosa+isina

the conjugate of 1+cosa+isina together with the double angle formula for

cosa and sina to simplify ! — into 1 1—itan[g] . Extract 14.1
l+cosa+isina 2 2

shows an example from of one the candidates who correctly answered this

question.
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Extract 14.1: A correct response from one of the candidates
Further analysis shows that 248 (2.5%) candidates did not score any mark. These

candidates committed several errors. In part (a), the candidates failed to show that
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when a complex z =a+bi is multiplied by its complex conjugate Z =a—bi the
result a®>+b* is a real number. In part (b), the candidates who applied Domoivre’s
theorem to expand (coséd-+isind)* ended up with the equation
cos40 =8cos* § —8cos”§+1. This equation was too difficult to simplify as it
demanded the candidates to recall the double angle formula cos26 =2cos*#—1 in
order to change it into multiples of . Other candidates expressed (z+2)* in

terms 6 as cos4f instead of 16cos*@. Such candidates ended up getting
cos40 = cos46 +4cos260 +6 which was wrong. In part (c), the candidates failed

to identify the appropriate conjugate. The common mistake was using

. . . 1 .
1—cosa—isina as the conjugate for the denominator of — instead
l+cosa+isina

of 1+cosa—isina. Extract 4.2 is sample solutions from one of the candidates

who got part (c) wrong.
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Extract 14.2: An incorrect response from one of the candidates

In Extract 4.2, the candidate was unable to use the complex conjugate of
z =1+cosf+isind to simplify the given expression.

2.2.5 Question 5: Trigonometry

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

(i) simplify the expression %where x=acosec and (ii) prove that
X —a

sin® +1+cose

1+cos®  sind

express 2cos 6+ 5sin 6 in the form of Rsin(6—a) and (ii) express cos(a— ) in

=2cosecO. In part (b), the candidates were required to (i)

terms of m and n where cosa —cos f=m and sina—sin g =n. In part (c), the
candidates were required to use t-substitution to find the general solution of the

equation 3cosf —4sinfd+1=0.

The analysis of data shows that 68.5 percent of the candidates opted for this
question. It was further observed that 88.6 percent of the candidates scored from 7
to 20 marks. Moreover, the data shows that 11.4 percent of the candidates scored
below 7 marks, 29.8 percent scored from 7 to 11.5 marks and 58.8 percent scored
from 12 to 20 marks. In general this question was among four questions which

were best performed as illustrated in figure 16.
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Figure 16: The candidates’ performance in question 5

The candidates who correctly answered this question demonstrated the following

skills. In part (a), the candidates substituted x =acosecf into % to get
X —a

1

. Then, by using the identity cosec’0—1=cot’6 the candidates
\/az (cosec’0-1)

were able to simplify ! into ltane. In part (a) (ii), the
\Ilaz (cosec’0-1) a
candidates applied the identity cos®’f+sind=1 to prove that

sin® N 1+cos0
1+cos0 sin®

=2cosecH. In part (b) (i), the candidates changed Rsin(6— o)

into —Rcosfsina+ Rsinfdcosc; divided —Rsinae=2 to Rcosa=5 to get
o =—21.80°; added R%sin’« to R?cos? « to get R = +/29 ; finally they correctly
expressed 2cos 0+ 5sin 0 in the form Rsin(0—o) as ~29sin #+21.80° . In

part (b) (i), majority of the candidates squared m and n to get the expressions

cos” a—2cosacos3+cos’ 3 and  sin’a—2sinasin3+sin® 3 respectively;
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added m® and n® to get 2—2(cosacos3-+sinasinB) =m’+n’. Finally, the

candidates allowed cos(«— f3) to take the place of cosacos/3+sinasin3 so as to

express cos(a—3) in term of m and n as cos(a— f3) = 1—% m®+n” . In part (c),

2

the candidates were able to substitute the t-formula COS@:L_L—EZ and

sinezlztt2 into the equation 3cosf—4sinf+1=0 to get t*+4t—2=0.

Then, they solved the equation t* +4t—2 =0 to get t; and t, equal to 0.4495 and -
4.4495 respectively. Finally, by using t=tan [g] and 2:180n +a, the

candidates ended up with the required general solution of 6 =360n+ 48.4° and
0 =360n—154.6. Extract 15.1 is a sample solution from one of the candidates

who answered this question correctly.
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Extract 15.1: correct response from one of the candidates

In Extract 15.1, the candidate demonstrated competences in applying the
appropriate principles and identities to solve the given trigonometric questions.

On the other hand there were several candidates (11.4%) who could not answer the

question properly. The candidates poor performance in part (a) (i) was due to

failure of candidates to apply the identity cosec?d—1=cot#. Most candidates

used cosec’d—1 instead cos’d—1 ending with lcosec@. Others expressed
a

! as ; These candidates were supposed to
\Ja’cosec?0 —a? acosecH—-a
understand that the next step after putting x=acosecd into % is
X“—a
1

. In part (a) (ii), the candidates experienced difficulties in using
a\/(cosecze—l)

the identity cos®@-+sin*d =1 to prove the given trigonometric equation. In part
(b) (i), the candidates encountered the following challenges: One, most candidates
compared the terms of 2cosf+5sind and —Rcosésina+ Rsinfdcosa to get
Rcosae=2 and Rsina=-5 instead of Rsina=-2 and Rcosa=5
respectively. The candidates obtained the expression for 2cosé+5sin€ as
@sin(8—291.8°) instead of @sin(9+21.80°). In part (b) (ii), most
candidates expanded cos(cv—(3) to get cosacos(—sinasing. Then, they
substituted COScv =m+Cos 3 and sina=m+sing to get
cos aw— (3 =mcosF+nsinF+1 which was difficult to express in term of m and
n. These candidates were supposed to use cos(aw—/3) as a substitution for
cosacos 3 —sinasin 3 in the equation 2 —2(cosacos 3 —sinasin ) =m®+n”.

In part (c), some candidates used inappropriate t-formula for cos# and siné. The

analysis of the candidates’ responses reveals that candidates quoted incorrectly the
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2
1+t and

t? 1—1t?

formula for cosé# and sin@. Such formula include instead of

1t 2t
-~ and >
1+t 1+t

respectively. Other candidates failed to recall that the general
: 0 .0 . 0 . .
solution of tanE:t is E:18On+tan t degrees or E:7rn+tan t radians.

Several candidates equated g to tan' 0.4995 and tan' —4.4995 to get

0=484°, 0=20534" and 6=408.4" instead of 6=360n+48.4° and
6 =360n—154.6. Also, a number of candidates solved correctly t*+4t—2 =0 to
get the values of t but did not multiply by 2 to the first term in the expression
180n+tan 't. The candidates ended up getting 6 =180n+48.4° and

0 =180n —154.6. Extract 15.2 illustrates a wrong answer in part (b) (ii) from one

candidate who lacked knowledge of trigonometric concepts.
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Extract 15.2: An incorrect response from one of the candidates

L

In Extract 15.2, the candidate was unable to express cos a— /3 in term of m and

n.
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2.2.6 Question 6: Algebra
The question had parts (a), (b) and (c). In part (a), the candidates were required to

use the principle of mathematical induction to prove that 3*™ —8n-9 is

divisible by 8. In part (b), the candidates were required to find the inverse of the

3 -1 2
matrix A=[2 3 1. In part (c), the candidates were required to use the
1 2 -1

inverse matrix obtained in (b) to find the values of x,yand zin the simultaneous

3X—y+2z=11
equations {2x+3y+z=—1.
X+2y—72=—6

The analysis of data shows that the question was opted by 8122 (79.8%) candidates
and 2054 (20.2%) candidates did not attempt it. Further analysis shows that 89.0
percent of the candidates scored above 6.5 marks of which 18.9 percent scored all
20 marks. Thus, the question was among four questions which were best
performed in this examination occupying the third position in rank order of the
candidates’ performance. Figure 17 shows the percentages of candidates with

weak, average and good performance.
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Figure 17: Candidates’ performance in question 6
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As shown in Figure 17 many candidates (69.1%) scored high marks. In part (a), the

candidates were able to equate the given statement with P(n) . Then they were able
to substitute n=1, n=k, n=Kk+1 into the given mathematical statement to get
64, 8m+8k+9 and 8(9m+8k +8) which are divisible by 8. In part (b), most

candidates were able to obtain the determinant, cofactors and adjoint of the matrix

3 -1 2 -5 3 1
A=|2 3 1 as det(A) =—16, cof (A)=({3 -5 -7 and
1 2 -1 -7 1 1
-5 3 -7
Adj(A)=| 3 -5 1 |. Also, majority of the candidates used the formula
1 -7 11
. . -5 3 -7
= x Adj(A) to find the required inverseas A'=——| 3 -5 1
det(A) 16 1 _—

In part (c), many candidates were able to change the given system of simultaneous

3 -1 2|(x 11

equation in matrix form as |2 3 1 ||y|=|—1|. Then, they multiplied the
1 2 1)z —6

inverse obtained in part (b) on both sides of the matrix equation to get x=1,

y=-2 and z=3. Extract 16.1 is a sample solution from a candidate who answered

part (a) correctly.

rel (¥ Ven{r(mﬁon e n= 1 i

— 2,?(!\41)'_ 2n 9 1

- 2.2(r+r) _ 3(0-9 -

= & - 2-9

= G4
- g (?)

[+ G true  for = I

Adgumi 3 Wue oy = E.

=5 2"7(“"—giz —q = 8 M)
2530 3k -9 = 3M |
37 — 3m +3kF9 - ()

ﬂ?f{u”‘{cﬂ fo_prowe i _whin__n = Kt
= \Bfr{ii"fl'?j 2(ki))—9
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Extract 16.1: A correct response from one of the candidates.
Despite the good performance, there were few candidates (11.0%) who scored low

marks. The candidates weak performance in part (a) was due to the following
reasons: One, failure of candidates to express 3°*"> —8k —9as a multiple of 8
when n=k i.e. 3*?_-8k—9=8m; two, failure of candidates to replace 3*"2
with 8m+8k +9 in the equation 3°(3**'?)—8k —8—9 to get 8(9m+8k+8)

which is also divisible by 8 when n =k +1. In part (b), several candidates used the

cofactors of the matrix A and the incorrect formula A™* = detl(A) x Cof (A) to find
. -5 3 1

inverse matrix as T 3 —5 —7|. The candidates were supposed to change
-7 1 1

rows of the cofactor matrix into columns to get the adjoint matrix then use the

formula A =

x Adj(A) to find the inverse matrix. Other candidates were
det(A)

unable to use the given matrix to find the elements of the cofactor matrix and
hence unable to find the inverse as well as solving the given linear equations
simultaneously in part (c). It was surprising to note how a significant number of
candidates used Crammer’s rule to solve for X, y and z in a given system of
simultaneous equations contrary to the requirements of the question which
instructed them to use the inverse obtained in part (b). Such candidates were not

awarded marks for procedures instead they were awarded marks for each correct
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value of x, y and z. Extract 16.2 is a response showing some mistakes done by the

candidates in part (b).

G-|b) [€2-2) ~(-2-1) (4-2) | [tc -3 -1 ]
FC-%)  Cam) ~(6t0[ = [-3 +s 12
| Clre)y =(a-w) (Ata) L+3 -1 -y
T(/len trane for  the  matnx « (AC)T
A = [+s -3 7 |
) s -1 B
-1 T ~{1
z;”f—r Hf\e Jd@(m(nmnj O/%D [-ZJ all 27”}1
/? 3 f
[ 1+ 2 -1
P = |
1AL [(z2-0)-(a-Ot(u-3)]
R |
- 6
2 -~ 2 | [+5 -2 47 7]
2 2 U . -tefra s -1 ]
L2 -1 L-1 "3 -41]

Extract 16.2: An incorrect response from one of the candidates

In Extract 16.2, the candidate did not have skills on how to find the inverse of a
matrix by using adjoint of the matrix.

2.2.7 Question 7: Differential Equations

The question was

2 2

@ Solve the differential equation yd—Z+25=(%j given that ﬂ:4
X X
5

when y =1 and y:§ when x=0.

(b) Solve the differential equation xy* + xzyd—y —sec’2X.
X

(© The rate at which atoms in a mass of a radioactive material are

disintegrating is proportional to the number of atoms (N) present at any
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time t. If N, is the number of atoms present at time t=0. Solve the

differential equation that represents this information.
(d) If half of the original mass disintegrates in 152 days, find the constant of
proportionality for the solution obtained in (c). (Give your answer in three

significant figures)

This question was opted by few candidates (14%), out of which, 69.4 percent of
the candidates passed. Further analysis indicated that 30.6 percent of the candidates
scored from 0 to 6.5 marks, 44.0 percent scored from 7 to 11.5 marks and 25.4
percent scored from 12 to 20 marks. Moreover, the analysis shows that 21 (1.5%)
candidates scored all 20 marks and 5.0 percent of the candidates scored O.
Generally, this question was well performed as summarized in Figurel8.

100.0 -
90.0 -
80.0 -
70.0 -
60.0 -
50.0 - 440
40.0 -

30.6

30.0

254

Percentage of Candidates

20.0 -
10.0

0.0 -

0-6.5 7.0-115 12.0-20.0
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Figure 18: The candidates’ performance in question 7

As shown in Figure 18, 25.4 percent of the candidates scored high marks. The
good performance in this question was due to the fact that the candidates had

adequate knowledge and skills in the topic of differential equations. In part (a), the
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2 2 2
candidates managed to replace d—zl and dy in the equation vy d ¥+25=(d—yj
dx dx dx dx

with (;—P.P and P respectively to form the first differential equation
y

p 1 .. . p
dp = —dy ; integrate the equation
07— 25 p y y g q 07— 25

dp = ldy with respect to p and
y

2
y to get [d_y] —25=ky? where P:ﬂ; substitute OI—y=4 and y=1 in
dx dx dx

2
[g—y] —25=ky? to get the constant of integration k =—9. Also, the candidates
X

were able to substitute 3y =>5cosé, dy:—gsinede as well as the initial

conditions y = gwhen x =0 into I = _[dx to get the particular solution

__dy
«/25— 9y’
y = gcos(Bx) . In part (b), the candidates multiplied by 2 on both sides of the given

differential equation to get 2xy® + 2x°y gy

=L —2sec?2x. Then, the candidates were
X

able to identify that 2xy2+2x2y3y

—L is the derivative of x°y*. Thus, they
X

integrated the relation di(xzyz):ZSeCZZX with respect to x to obtain
X

«/tan 2X+cC

y =— . In part (c), the candidates were able to formulate the differential
X

equation %—T =—kN from the given word problem. Then, they solved it to get
N =N,e™. In part (d), the candidates were able to identify that if half of original

mass disintegrates in 152 days then N :%NO. Also, they were able to replace N

and t in the equation N = N,e™ with %NO and 152 days respectively to get the
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value of k correct to three significant figures as k =0.00456. Extract 17.1, is a

sample work from one of the candidates who correctly answered part (a).

0%« (&) qg{“lli n 'R.S:.( on \Q‘
T af \ oy

> | ————————— "
W/ p2-2s = n Ay

Jpr—25 = Aqy

pr s =AY
pr= Ay~ £ 25

ey [ a) pl - RS = A?j"‘
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Extract 17.1: A correct response from one of the candidates
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Despite the good performance, there were several candidates (30.6%) who scored
low marks. The analysis of the candidates’ responses in this category shows that

they lacked knowledge and skills in differentiation and integration techniques. In

. d’y _dP .

part (a), the candidates could not express o as d—.P. Most of them presented it
X y

as 3—P and therefore were unable to proceed toward the particular solution of
y

y = gCOS3X. In part (b), the candidates failed to realise that the given differential

equation has to be multiplied by two so as to transform it into an exact differential

dy

d—:ZseCZZX. The candidates who did not answer (c)
X

equation 2xy’ +2x%y

correctly transformed the information that “The rate at which atoms in a mass of a

radioactive material are disintegrating is proportional to the number of atoms (N)

present at any time t” as %—T o N instead of —dd—':l o N . The candidates solved

the equation dWN:kdt to get N =N, instead of N =Ne™. The candidates
were supposed to be aware that the numbers of atoms were decreasing. In part (d),
the candidates substituted N and t in the equation N =N, e“ with %NO and 152

days respectively to get k =—0.00456 instead of k =0.00456. Extract 17.2 shows

a sample solution from one of the candidates who incorrectly answered part (c) and

(d).

F1lc)
Rote (n papef redrozdive material 15 ;%;
d~, o N
dt
d = KN B
L 4 | )
by cepaditing Vo o bl
AN — kdAE )
1%
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Extract 17.2: An in correct response from one of the candidates
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In Extract 17.2, the candidate failed to apply the knowledge of first order

differential equations in solving a real life problem.

2.2.8 Question 8: Coordinate Geometry Il

The question was

(@)

(b)

(©)

(d)

Find the equation of a tangent to the ellipse 4x* +y® =6 at (%\/EJ in

the formax+by+c=0.

The points P(at,’,2at,) and Q(at,”,2at,) lie on the parabola y? = 4ax
and that the tangents at the points P and Q intersect at R. Find the

coordinates of R.

Convert the following polar equations into Cartesian equations:
(i) r’ =4Sin26.
(i) r=3(1+Coso).

A curve is defined by the parametric equations x =t> and y :% where

t #0. Show that the equation of the normal at the point Q[p{%) IS
p

p‘x—py+2=p°.

The analysis of data shows that 3685 (36.2%) candidates opted this question out of

which, 78.8 percent of the candidates scored above 6.5 marks. Further analysis

shows that 21.2 percent scored from 0 to 6.5 marks, 27.6 percent scored from 7 to

11.5 marks and 51.2 percent scored from 12 to 20 marks. The analysis has also
indicated that 245 (6.6%) candidates scored all 20 marks, while 130 (3.5%)

candidates score 0. Therefore, the general performance in the question was good.

Figure 19 displays the candidates’ performance in this question.
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Figure 19: Candidates’ performance in question 8
The analysis of the candidates’ responses shows that a considerable number of
candidates (51.2%) had adequate knowledge on the topic. The candidates who

correctly attempted part (a) were able to: differentiate the equation 4x*+y® =6

with respect to x to get g_y = ﬂ, substitute the x and y coordinates of the point
Xy
1 . —4x — .
=5 | into —= to get the slope of the tangent m=—= and by using the
2 y 5

formula y =m(x—x,)+Y,, they were able to evaluate the equation of the tangent

in the form ax+by+c=0 as 2x+\Ey—6 =0. In part (b), the candidates were
able to solve the equations of tangents to the parabola y® = 4ax at the points P and

Q to get x and y coordinates of the point R as x=att, and y = a(t2 +t1). In part
(c), most candidates used the relations r* =(x*+y*), cosé :é and sin@ :% to

convert the polar equations r*>=4sin20 and r=3(1+cos#) into Cartesian

equations (X + y2)2 =8xy and x?+y? = 3(»\/x2 +y? 4+ x) respectively. In part (d),
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majority of the candidates were able to show that p*x— py+2= p°® is not an
equation of the normal to the curve at the point Q[pz,%]. Extract 18.1 shows a
Y

solution of a candidate who performed well in parts (a) and (b) of this question.

ca |
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Extract 18.1: A correct response from one of the candidates
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Despite the good performance in this question, several candidates (21.2%) scored
low marks. The reason for such performance was associated with mistakes they

made. In part (a), some candidates found the equation of the normal to the ellipse
which is y:2\/§x instead of the equation of a tangent to the ellipse. Others
incorrectly substituted the wrong x and y coordinate in the equation
y =m(Xx—x,)+Y,.The candidates who incorrectly answered part (b) computed

the coordinates of a point where normal lines perpendicular to tangents at P and Q
intersect contrary to the requirements of the question. Other candidates computed

the incorrect slopes of the tangents and therefore they were unable to find the
coordinates of point R. In some cases, the candidates drew the chord PQ passing
through the point R(a,0). In part (c), the candidates failed to recall the
relationships r®> = x* +y?, x=rcosfand y=rsiné. Hence, they could not get

the correct Cartesian equations for polar equations r?>=4sin20 and

r = 3(1+cosd) . Other candidates were unable to recall the double angle formula

for sin26 i.e. sin20 =2sinfcosH to be used in part (c) (i). In part (d), the

candidates failed to show that the equation of the normal at the point Q( pz,%j
p

isnot p“x— py+ 2= p®°. Extract 18.2 shows a sample solution of a candidate who

attempted part (b) incorrectly.

o2, “d &l"'—' FX i
: ydy =4a
T Ax
Ay » Haa
—— at _point (a2, 2ab) at _point (af’,A4at,
) Ay - ug dy = o ]
Ax 20t ax Ay, i
- dy > 2 dy, - o l
L. —e dy ‘tl dx-) _t;.
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V- 24, = 2
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sz—g
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<2
( 2
<

Y 1, = 2

Extract 18.2: An incorrect response from one of the candidates
. . 4 .
In Extract 18.2, the candidate replaced y in the formula g_y = 2_a with at, and at,
X y

instead of 2at, and 2at, respectively.

3.0 ANALYSIS OF CANDIDATES’ PERFORMANCE IN EACH TOPIC

The Advanced Mathematics Examination had two papers namely Advanced
Mathematics 1 and Advanced Mathematics 2. The examination tested 18 topics out
of which 10 topics were in paper one and eight topics in paper two. The topics
which were tested in paper one are Calculating Devices, Hyperbolic Functions,
Linear Programming, Statistics, Sets, Functions, Numerical Methods, Coordinate
Geometry I, Integration and Differentiation. The topics which were tested in paper
two are Probability, Logic, Vectors, Complex Numbers, Trigonometry, Algebra,

Differential Equations and Coordinate Geometry I1.

The analysis of data shows that the candidates’ performance was good in 15 topics.
The topics which had good performance in this examination are Functions, Logic,

Algebra, Trigonometry, Numerical Methods, Linear Programming, Sets,
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Coordinate Geometry Il, Statistics, Complex Numbers, Calculating Devices,

Integration, Differential Equations, Differentiation and Hyperbolic Functions.
The good performance in those topics was attributed by the candidates’ ability to:
@) draw graphs of composite and rational functions.

(b) test the validity of an argument by using a truth table.

(© represent the compound statements with a network diagram.

(d) use the principle of mathematical induction to prove mathematical

statements.

(e) apply knowledge of the inverse of a matrix to solve three linear equations

in three unknowns simultaneously.
U] interpret and formulate linear programming models.
(9) recognise suitable and relevant integration techniques.

(h) withstand high degree of carefulness and avoiding silly mistakes, blunders

and errors.

On the other hand the candidates’ performance was average in 02 topics and weak
in 01 topic. The topics which were averagely performed are Vectors (57.9%) and
Probability (44.3%) while the poorly performed topic is Coordinate Geometry |
(18.2%). In 2019, the topics which had average performance are Numerical
Methods (51.1%), Differential Equations (36.6%), Differentiation (43%) and
Coordinate Geometry | (40.6%) while the two topics which were poorly performed
are Probability (23.4%) and Integration (29.3%), see appendix | and II.

The candidates’ poor performance in Coordinate Geometry I was due to

@ The candidate’s inability to apply the perpendicular distance from a point to

a line to prove mathematical problems.

(b) The candidate’s inability to apply the ratio theorem in solving locus
problems.
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40 CONCLUSION AND RECOMMENDATIONS

4.1 Conclusion

The CIRA report has been specifically written to provide awareness to
stakeholders about the candidates’ responses in ACSEE 2020. The focus of the
analysis was therefore to identify the strengths and weaknesses of the candidates’
responses in various items. The Candidates’ Items Response Analysis (CIRA) in
Advanced Mathematics 2020 shows that 90.63 percent of the candidates passed the
examination, in comparison to 86.74 percent who passed the examination in 2019.

The analysis for 2020 shows that 15, topics were well performed, 02 topics were
averagely done and 01 topics was poorly performed. The analysis of data for 2019
reveals that, 12 topics had good performance, 4 topics had average performance
and 2 topics were poorly performed. The comparison of the candidates’
performance in each topic for three years consecutive is shown in appendix I1I.

Primarily, the report has revealed the main areas where the candidates had good,
average or poor performance. It is expected that the stakeholders will use the
recommendation of this report to improve the performance in future Advanced
Mathematics Examinations.
4.2  Recommendations

For the purpose of improving future candidates’ performance in this subject

especially the topics with poor performance, it is suggested that:

Q) The students should be encouraged to study in groups so as to consolidate
and apply the formula for calculating the perpendicular distance of a point
from a line in solving the related questions in different settings and
situations.

(i) The teachers should identify slow learners and conduct remedial teachings
on how to apply the ratio theorems in solving the related questions.

(iii)  The students should be provided with sufficient exercises on how to apply
special distributions such as normal distribution in answering examination

questions.

86



(iv)  The Ministry of Regional Administration and Local Government should
conduct in-service training to teachers on the topic of coordinate geometry
l.
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Appendix |

Analysis of Candidates’ Performance in each Topic in the 2020 Advanced
Mathematics Examination

S/IN | Topic

Scored 35 %o0r more

Number of Questions
The % of Candidates who

16 Vectors 1 57.9
17 Probability 1 44.3
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Appendix 11

Analysis of Candidates’ Performance in each Topic in the 2019 & 2020
Advanced Mathematics Examination

2019 2020
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The candidates’ performance topic-wise in 2018, 2019 and 2020

Appendix 111

Percentage of Candidates
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