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Introduction 

 

These materials illustrate aspects of performance from the 2019 summer AS 
examination series of CCEA’s revised GCE Specification in 2017. 

Students’ grade A responses are reproduced verbatim and accompanied by 
commentaries written by senior examiners.  The commentaries draw attention to the 
strengths of the students’ responses and indicate, where appropriate, deficiencies 
and how improvements could be made. 

It is intended that the materials should provide a benchmark of candidate 
performance and help teachers and students to raise standards. 

For further details of our support package, please visit our website at 
www.ccea.org.uk 
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CCEA EXEMPLIFYING EXAMINATION PERFORMANCE 

GCE:  AS Mathematics 
  

 

 

Grade:  A Exemplar

AS1:  Pure Mathematics 
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CCEA EXEMPLIFYING EXAMINATION PERFORMANCE 

Q1a Solve the simultaneous equations  [7] 

 

 

Student’s response 

 

 

 

 

 

 

 

 

 

Examiner’s comments 

This is a perfectly completed solution.  The candidate has correctly eliminated the y variable 
from each of two pairs of equations.  They then have solved the new simultaneous equation 
to obtain the correct values of x and z.  These values have been substituted into the first 
equation to find the correct value of y. 

Marks awarded: 7/7 
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Q1b   

 

 

Q1b(i) the magnitude of the vector          [3] 

Student’s response 

 

 

 

 

Examiner’s comments 

The candidate has offered an alternative solution to that on the official mark scheme.  Instead 
of finding the vector AB�����⃗  and then calculating its magnitude, they have recognised that the 
given vectors are position vectors.  They have found the distance between the points A and B 
by using the distance formula.  This is an equally valid and correct solution. 

Marks awarded: 3/3 

 
Q1b(ii) the angle         makes with the positive ⅹ-axis.  [2] 

Student’s response 

Student’s response not provided. 

Examiner’s comments 

No attempt has been made to solve this problem.  If in part (i), the candidate had found the 
vector AB�����⃗ , then the method required in part (ii) would have been much more apparent. 

Marks awarded: 0/2 
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Q2a(i) Fig. 1 below shows a sketch of the graph of the curve given by the equation  
y = f(x). 

 

 

 

 

 

 

Point A has coordinates (0, 1). 
Write down the coordinates of the point A under the following transformations: 

 y = f(x) + 1  [2] 

Student’s response 

(0, 2) 

Examiner’s comments 

A perfectly correct solution. 

Marks awarded: 2/2 

Q2a(ii) y = f(x − 3)  [2] 

Student’s response 

(3,1) 

Examiner’s comments 

Another perfectly correct solution stated. 

Marks awarded: 2/2 
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Q2a(iii) y = f(−x)  [2] 

Student’s response 

(0,1) 

Examiner’s comments 

The correct coordinates are clearly stated. 

Marks awarded: 2/2 

Q2b f(x) has an asymptote given by the equation y = 0 

Write down the equation of the asymptote of the curve under the transformation 
y + 2 = f(x).  [1] 

Student’s response 

y = f (x) −2 

y = −2   new asymptote 

Examiner’s comments 

The correct asymptote was stated. 

Marks awarded: 1/1 

Q3a(i) Given that    log2 a = 3    state the value of a.  [1] 

Student’s response 

  log₂ a = 3 

         a = 2³ 

         a = 8 

Examiner’s comments 

This was a routine question which required the candidate to understand the link between 
logarithms and indices.  A correct answer was given. 

Marks awarded: 1/1  
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CCEA EXEMPLIFYING EXAMINATION PERFORMANCE 

Q3a(ii) Hence solve the equation  

log₂ x − log₂ (x − 1) = 3  [5] 

Student’s response 

 

 

 

 

 

Examiner’s comments 

The candidate solved this question very efficiently.  They used the laws of logs to combine 
the terms on the left-hand side of the equation.  They then removed the log term by relating 
this problem to their solution from part (i).  The routine solution of the ensuing linear 
equation was completed correctly. 

Marks awarded: 5/5 
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Q3b Find the exact solution of the equation 

3e2x − 4 = 0  [4] 

Student’s response 

 

 

 

 

 

Examiner’s comments 

Another fully correct solution.  The candidate re-arranged the equation to isolate the 
exponential term; they took logs of each side and solved for x. 

It is worth noting that they were awarded full marks for the exact solution of the equation, 
even though they later stated a decimal value.  If the penultimate line, with the exact solution, 
had not been visible and only x = 0.14 given, then the final W1 mark would not have been 
awarded. 
Marks awarded: 4/4 
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Q4a Find the range of values of k for which the equation 

x2 + kx + 16 = 0 
has no real roots.  [6] 

Student’s response 

 

 

 

 

 

 

 

 

Examiner’s comments 

This is another fully correct solution.  The candidate knew how to use the discriminant 
correctly to obtain an inequation in terms of k.  They then found the critical values and 
sketched the appropriate graph which enabled them to identify the correct range of values  
for k. 

The clear presentation of both the algebraic manipulation and the sketch graph is of huge 
benefit in ensuring that candidates obtain the correct range of values. 
Marks awarded: 6/6 
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Q4b Find the centre and area of the circle given by the equation 

x2 − 4x + y2 + 6y − 3 = 0  [6] 

Student’s response 

 

 

 

 

 

Examiner’s comments 

This was a very efficient and well presented solution. 

The candidate used the 𝑥𝑥2 + 𝑦𝑦2 + 2𝑔𝑔𝑥𝑥 + 2𝑓𝑓𝑦𝑦 + 𝑐𝑐 = 0 form of the equation of a circle to 
obtain the values of 𝑔𝑔, 𝑓𝑓 and 𝑐𝑐.  This enabled them to identify the correct centre and radius 
and finally the area of the circle. 
It would have been equally valid to use the method of completing the square to find the 
centre and radius. 
Marks awarded: 6/6 
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Q5a Given that 

 

 

find the value of k.  [6] 

Student’s response 

 

 

 

 

 

 

 

 

 

 

Examiner’s comments 

Although this integral was given with an unknown upper limit, the candidate demonstrated a 
clear understanding of all the necessary processes.  They re-wrote √𝑥𝑥 in index form, 
integrated corrected and substituted the given limits.  The ensuing equation for 𝑘𝑘 was 
correctly solved. 

Marks awarded: 6/6 
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Q5b Solve the equation  

2 cos2 θ  =  1 − sin θ 
                                                  [7] 

Student’s response 

 

 

 

 

 

 

 

 

 

 

 

 

 

Examiner’s comments 

The candidate recognised the need to use the Pythagorean identity to produce a quadratic 
equation in terms of sin𝜃𝜃 only.  They carried out the substitution of 𝑥𝑥 for sin𝜃𝜃 and obtained 
correct values for 𝑥𝑥 and sin𝜃𝜃.  They checked that their solutions for sin𝜃𝜃 = −1

2
 were in the 

correct range.  However, they incorrectly included 180° as a possible solution for sin𝜃𝜃 = 1.  
Hence, they were not awarded the final MW1 mark. 

Marks awarded: 6/7 
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Q6(i) An open tin in the shape of a cylinder is shown in Fig. 2 below. 

 

 

 

 

The open tin has base radius r cm and height h cm. The total surface area of the tin 
is 300 π cm2 
Express h in terms of r.  [4] 

Student’s response 

 

 

 

 

 

 

 

 

Examiner’s comments 

The candidate attempted to set up an equation for the surface area of the cylinder.  However, 
their equation was incorrect, with “2” being attached to the wrong term.   

They were awarded M1 W0 for this attempt.  They gained a further M1 for knowing to 
equate the sum of “their terms” to 300𝜋𝜋.  Since their final answer was incorrect, they could 
not be awarded any further marks. 
Marks awarded: 2/4 
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Q6(ii) Hence show that the volume of the tin can be expressed as  

                                                   [3] 

Student’s response 

 

 

 

Examiner’s comments 

The formula used for volume was incorrect and hence MW1 was not awarded.  However, M1 
was gained since an attempt was made to substitute “their” answer from part (i) into “their” 
volume formula.  This M1 mark would not have been awarded if the formula had not been 3-
dimensional. 

Marks awarded: 1/3 
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Q6(iii) The volume of the tin is 

 

Using calculus, find the values of r and h for which the volume of the tin is a 
maximum.  [7] 

Student’s response 

 

 

 

 

 

 

 

 

Examiner’s comments 

The candidate gained the first 4 marks since they tried to differentiate, carried this out 
correctly and then set their answer equal to zero.  However, they did not explicitly state the 
radius as 10.  Instead they left both the positive and negative values of 𝑟𝑟.  They did not find a 
value for ℎ and were therefore not awarded the next two W marks.  However, they did know 
to check for a maximum and obtained the final MW1. 

Marks awarded: 5/7 
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Q7 Solve the equation 

2x3 − 8x2 + 3x + 10 = 0   [7] 

Student’s response 

 

 

 

 

 

 

 

 

 

 

 

 

 

Examiner’s comments 

This was a perfectly correct solution.  Each stage of the solution was clearly explained.  This 
started with the use of the factor theorem, then long division and finally the solution of the 
quadratic equation. 

Marks awarded: 7/7 
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Q8(i) The points A and B have coordinates (2a, a2) and (a + 1, a) respectively,  
where a ≠ 0 
A straight line, perpendicular to AB and passing through the point A, cuts the 
x- axis at the point P. 
Find, in terms of a, the coordinates of the point P.  [8] 

Student’s response 
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Examiner’s comments 

The candidate set up a correct unfactorised expression for the gradient of AB.  They were 
awarded M1 for their method and also W1 for the correct answer, even if not simplified.  
This was perhaps fortunate since their simplification appears to be flawed, despite it resulting 
in a correct answer.  

They then obtained a correct perpendicular gradient, which they used to try to set up the 
equation of the straight line.  This gave them the next MW1, M1 and W1 marks.  Again, they 
were slightly fortunate since they did have a correct version of 𝑐𝑐, although they re-arranged 
incorrectly in the next line.  They knew to set  𝑦𝑦 =  0, gaining a further M1, but their answer 
was incorrect as a result of the earlier error. 
Marks awarded: 6/8 

Q8(ii) The midpoint of the line AB has equal x and y ordinates. Find the possible values 
of a in their simplest surd form.  [5] 

Student’s response 

 

 

 

 

 

 

 

Examiner’s comments 

Another perfectly executed solution.  The coordinates of the mid-points were found and set 
equal to each other.  The subsequent quadratic equation was solved to give the correct answer 
in the correct format. 

Marks awarded: 5/5 
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Q9(i) Fig. 3 below shows a diagram of a circle with centre O. 

 

 

 

 

 

 

 

AB is a diameter of the circle. 
S lies on the circumference of the circle. 
D is the foot of the perpendicular from B to OS. 

The acute angle BOS is θ 
OA = OB = r 
OD = x 

By applying the cosine rule to triangle AOD, show that 
AD2 = r² (1 + 3 cos2θ)  [7] 

Student’s response 
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Examiner’s comments 

This question required the candidates to use their knowledge of circle geometry and 
trigonometry to solve a largely unstructured problem.  Initially, the candidate used the cosine 
rule to set up a correct expression for AD2 .  However, they did not recognise, either from 
their knowledge of the cosine graph or CAST diagrams, that cos(180° − 𝜃𝜃) = − cos 𝜃𝜃.  This 
meant that they did not gain the next MW1 mark.  They also missed the critical stage of 
recognising, by use of simple right-angled trigonometry, that cos𝜃𝜃 = 𝑥𝑥

𝑟𝑟
  .  Instead they stated 

sin𝜃𝜃 = 𝑥𝑥
𝑟𝑟
  which obviously did not allow any further progress to be made. 

Marks awarded: 2/7 
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CCEA EXEMPLIFYING EXAMINATION PERFORMANCE 

Q9(ii) When BD bisects OS, 

 

Find the value of k, where k is a positive integer.  [5] 

Student’s response 

 

 

Examiner’s comments 

The candidate did not appear to recognise the significance of BD bisecting OS, and since they 
had also missed the fact that cos 𝜃𝜃 = 𝑥𝑥

𝑟𝑟
, they were unable to proceed. 

Marks awarded: 0/5 
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GCE:  AS Mathematics 
  

 

 

Grade:  A Exemplar

AS2:  Applied Mathematics 
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CCEA EXEMPLIFYING EXAMINATION PERFORMANCE 

SECTION A 
Mechanics 

Q1 Fig. 1 below shows three forces acting on a particle. 

 

 

 

 

Find the magnitude and direction of the resultant of these three forces.  [6] 

Student’s response 

 

 

 

 

 

 

 

 

Examiner’s comments 

This is a perfectly correct response.  The candidate resolved in two perpendicular directions 
and then found the resultant of these components using Pythagoras’ Theorem and 
trigonometry.  The final answer was given correctly in a form to match that required by the 
question. 

Marks awarded: 6/6  
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Q2(i) A drone is flown, with constant acceleration, in a horizontal plane.  

When initially observed, at a point P, it has a velocity of (2i − 7j) m s−1 
Four seconds later the drone is at a point Q and has a velocity of (14i + j) m s−1 
Find the acceleration of the drone in terms of i and j.  [3] 

Student’s response 

 

 

 

 

 

 

 

 

Examiner’s comments 

The relevant velocities and time were clearly identified and substituted into the appropriate 
equation of motion.  This was solved correctly, thus allowing all marks to be awarded. 

Marks awarded: 3/3 
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Q2(ii) Find the distance PQ.  [5] 

Student’s response 

 

 

 

 

 

 

 

 

 

 

 

Examiner’s comments 

After choosing the appropriate equation of motion and calculating the displacement at a time 
of 4 seconds, the candidate used this value to find the correct distance PQ. 

Marks awarded: 5/5 
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Q3(i) Fig. 2 below shows the velocity–time graph for an athlete running a 100 m race in 
11.8 seconds.  

 

 

 

 

 

 

Describe the motion of the athlete between t = 0 and t = 3  [1] 

Student’s response 

The athlete is accelerating from rest to 10ms-1 

Examiner’s comments 

Since the relevant portion of the graph was a straight line, then the acceleration was constant.  
This was not stated in the response and hence the MW1 mark was not awarded. 

Marks awarded: 0/1 
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Q3(ii) The athlete starts to decelerate at time T. 

Find the value of T.  [5] 

Student’s response 

 

 

 

 

 

 

Examiner’s comments 

This solution demonstrates a clear understanding of how the total displacement was found 
using each of the individual areas under the graph.  The sum of these areas was set equal to 
100 and the equation simplified and solved to produce the correct time.  

Marks awarded: 5/5 
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Q4(i) Fig. 3 below shows two boxes, A and B, connected by a rope passing over a 
smooth, light, fixed pulley.  
Box A is held at rest on a rough horizontal table 5 m from the pulley. Box B hangs 
2.5 m vertically above the floor.  
A and B have masses 8 kg and 6 kg respectively. 

 

 

 

 

Box A is released from rest. 
Complete the diagram below showing all the external forces acting on A and B.  
[2] 

 

 

 

Student’s response 

 

 

 

 

 

Examiner’s comments 

All forces were identified and marked carefully on the diagram. 

Marks awarded: 2/2  
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Q4(ii) B hits the floor with a speed of 3.7 m s−1 

Find the value of the coefficient of friction between A and the table.  [8] 

Student’s response 

 

 

 

 

 

 

 

 

 

 

 

 

Examiner’s comments 

At this point in Section A the questions were becoming more challenging and A grade 
candidates started to lose some marks.  In this solution, the candidate solved the initial stages 
of the problem correctly.  They found the correct acceleration, used Fᵣ = 𝜇𝜇R and set up the 
correct equation of motion for B.  However, they made a sign error in the equation for A and 
lost a mark at this stage and also the final W1 mark for their value of 𝜇𝜇. 

Marks awarded: 6/8  
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Q4(iii) Determine whether box A will collide with the pulley.  [4] 

Student’s response 

 

 

 

 

 

 

 

 

 

Examiner’s comments 

This part of Question 4 was a key discriminator in Section A.  The critical principle was to 
realise that when B hit the floor the string became slack.  Hence, a new acceleration had to be 
found for the next stage of particle A’s motion.  If this was not calculated, then the remaining 
work was invalid.  Hence the candidate was unable to gain any marks in this question. 

Marks awarded: 0/4 
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Q4(iv) State one modelling assumption you have made about the rope.  [1] 

Student’s response 

It is inextensible 

Examiner’s comments 

This was a routine assumption and the MW1 mark was gained by almost all candidates. 

Marks awarded: 1/1 
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SECTION B 
Statistics 

Q5a Explain the difference between a census and a sample.  [2] 

Student’s response 

A sample involves a subset of the population, whereas a census involves the whole 
population. 

Examiner’s comments 

It was essential to state that a census was a survey conducted on the whole population.  In this 
response the word “involves” was not sufficiently explicit and therefore only 1 of the 2 marks 
could be given. 

Marks awarded: 1/2 

Q5b A market researcher is interested to find out the opinions of nurses living in 
Northern Ireland. 
To get a random sample, he questions women that he meets entering the Royal 
Victoria Hospital on a Monday morning after 9 am. 
Give two reasons to explain why this sampling procedure is not satisfactory.  [2] 

Student’s response 

It does not involve nurses who work on nights shifts. 

Not all nurses are women, so the sample may be biased. 

Examiner’s comments 

The key areas for potential bias in the scenario were occupation, time, location and gender.  
The candidate identified two of these and therefore was awarded both marks. 

Marks awarded: 2/2 
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Q6a(i) The weekly incomes, rounded to the nearest pound, of households on a certain 
street in Belfast are given below:  
221    248    251    255    259    263    264    272    291    297    374 
Calculate the mean and standard deviation for these weekly incomes.  [4] 

Student’s response 

 

 

 

 

 

 

Examiner’s comments 

The candidate stated the correct summary statistics and found the mean correctly.  However, 
their value of standard deviation was wrong. 

The question asked for the standard deviation of “these weekly incomes”.  The candidate 
found the estimate of the standard deviation of a whole population based on a representative 
sample.  The question did not reference this data as a sample being used for any other 
purpose.  Hence the final mark was lost. 
Marks awarded: 3/4 
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Q6a(ii) Outliers are defined to be  more than 1.5 × (Q3 − Q1) above Q3 or 
more than 1.5 × (Q3 − Q1) below Q1 
Show that £374 is an outlier.  [3] 

Student’s response 

 

 

 

 

 

Examiner’s comments 

Unfortunately, the candidate crossed out the correct value of the upper quartile.  Hence, an 
incorrect interquartile range was found.  Although the candidate’s value for IQR was 
multiplied by 1.5, there was no attempt to add/subtract this to/from the upper and lower 
quartiles.  Therefore, no further marks could be awarded. 

Marks awarded: 0/3 

Q6a(iii) Further investigations suggested that the weekly income of £374 was recorded 
incorrectly and should in fact have been £347 
Without carrying out any further investigation, state what effect, if any, this 
change would have on: 
the standard deviation,  [1] 

Student’s response 

It will reduce it 

Examiner’s comments 

A perfectly correct answer. 

Marks awarded: 1/1 
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Q6a(iv) the interquartile range.  [1] 

Student’s response 

No effect. 

Examiner’s comments 

A further correct answer. 

Marks awarded: 1/1 

Q6b(i) The histogram in Fig. 4 below shows the weekly incomes, in £, of a random 
sample of households in a neighbourhood. 

 

 

 

 

 

 

 

 

 

 

 

 

Complete the table below.  [1] 
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Student’s response 

Weekly incomes (£) Number of households 

150 ‒ 45 

180 ‒ 52 

200 ‒ 120 

250 ‒ 54 

280 ‒ 35 

350 ‒ 0 

 

Examiner’s comments 

The candidate calculated the correct frequency. 

Marks awarded: 1/1 
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Q6b(ii) Estimate the probability that a household chosen at random received a weekly 
income of more than £230  [2] 

Student’s response 

 

 

 

 

 

 

Examiner’s comments 

Although the candidate had marked 230 on the graph, there was no evidence of them 
calculating the area under the graph between 230 and 250.  Since this was the critical value 
for the solution of the problem, then no marks could be awarded. 

Marks awarded: 0/2 
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Q7(i) The percentage unemployment rate (U) and percentage change in average wages 
(W) per year were recorded over a period of 10 years. These are shown in Table 1 
below.  

 

 

 
Calculate the product moment correlation coefficient between U and W.  [5] 

Student’s response 

 

 

 

 

 

 

 

 

 

 

 

Examiner’s comments 

This was a standard PMCC question and the candidate produced a very clear response.  The 
summary statistics were given; the individual 𝑠𝑠𝑢𝑢𝑢𝑢, 𝑠𝑠𝑤𝑤𝑤𝑤 and 𝑠𝑠𝑢𝑢𝑤𝑤 were calculated and then 
used correctly to produce the final answer. 

Marks awarded: 5/5 
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Q7(ii) Comment on the value obtained in part (i).  [1] 

Student’s response 

Moderately strong negative correlation between unemployment rate and changes in wages. 

Examiner’s comments 

It is important that comments of this nature are given in context.  It would not have been 
sufficient to just state that the correlation was “moderately strong and negative”.  However, 
the candidate did relate their answer to the context and the mark was awarded. 

Marks awarded: 1/1 

Q8(i) A school sports club has 15 members. The probability of any member, chosen at 
random, being injured throughout the school year is p. 
Let X be the random variable “the number of members injured throughout the 
school year”.  
Find an expression, in terms of p, for P(X = 1)  [3] 

Student’s response 

 

 

 

 

Examiner’s comments 

This is a well-presented response.  The candidate has identified the binomial distribution.  
The structure of the required probability was correct and then simplified to produce the final 
answer. 

Marks awarded: 3/3 
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Q8(ii) It is known that P(X = 2) = 3P(X = 1) 

Prove that p = 0.3  [4] 

Student’s response 

 

 

 

 

 

 

 

 

 

Examiner’s comments 

The candidate was able to set up and equate each of the relevant binomial probabilities and 
then use their algebraic skills to solve the resulting equation. 

Marks awarded: 4/4 
 



 

43 
 

CCEA EXEMPLIFYING EXAMINATION PERFORMANCE 

Q8(iii) Hence find the probability that at least three members are injured throughout the 
school year.  [6] 

Student’s response 

 

 

 

 

 

Examiner’s comments 

This response is another example of good practice when presenting the stages of a solution.  
The correct probability is identified; the use of “1 – …” is clearly stated; the individual 
probabilities are shown and calculated, resulting in a correct final answer.   

Clear presentation of this nature means that even if a calculation error is made at an 
intermediate stage, then all possible marks can be easily identified and awarded. 
Marks awarded: 6/6 



© CCEA 2019




