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2021 ASSESSMENT REPORT 
MTM415117 - Mathematics Methods 

 
 
 

General Comments 
This exam contained a mixture of questions. Some questions were designed to be straightforward, 
but there were also some difficult discriminating questions. The emphasis was on students 

Therefore, some students found 
 

 
Similar general comments apply to this year as to previous years. Students need to be confident 
about using the calculator appropriately in Part Two and equally to be secure in their algebra skills 
where required throughout the exam. It is important that the precise question being asked is 
answered for full marks. This was especially the case where descriptive questions required 
students to refer to prior calculations or algebraic expressions as part of their descriptive answers. 
These were the threshold marks determined by the Assessment Panel. All 
marks are out of 36. 
 

Criterion 
Threshold mark for 

 
Threshold mark for 

 
Threshold mark for 

 

Criterion 4: Function Study 16.5 24.5 30.0 

Criterion 5: Circular Functions 13.5 23.0 28.5 

Criterion 6: Differential Calculus 13.5 23.0 29.0 

Criterion 7: Integral Calculus 13.5 22.5 29.0 

Criterion 8: Probability 12.0 22.0 28.5 

 
Prospective students are strongly encouraged to read the comments in this assessment report as 
well as reading the solutions to the exam questions. 
 
 

Function Study (Part 1) 

Students who attempted a question, even when they could not solve the whole problem, gained 
credit for explanations of their efforts. 
 
Question 1 

This question was well done.  Most students were able to draw the inverse of the points that 
made the triangle.  Many students were unable to correctly state the required range, finding the 
domain instead  or the range of a different side.  Few students labelled their inverse points, and 
this may have led to them finding the range of the wrong side. 
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Question 2 

This question was very well done.  Most students recognised the problem style and knew the 
processes required to complete it.  A small number of students did not know the shape of a 
hyperbola. 
 
Question 3 

(a) Most students knew how to set up the binomial expansion.  A common problem was not 
bracketing the terms.  i.e. writing 3𝑥2 instead of  (3𝑥)2   and −23 instead of (−2)3.  This 
caused errors in the simplification.  A number of students had problems simplifying their 
expressions. 

(b) Many students received part marks for this question.  Students could see the transformation 
required involved a negative and a 3.  However, most had problems writing the relationship 
between 𝑔(𝑥) and 𝑓(𝑥).  this made it difficult for them to interpret the dilation factor.  
Some students wrote their transformation without giving any justification. 

 
Question 4 

(a) The majority of students understood how to set up the required composition of functions.  
However, few students were able to complete the steps required to simplify the expression 
to the form given.  Most students received part marks. 

(b) A number of students gave the required answer, but without any reasoning.  A reminder 
that questions worth 2 or more marks require reasoning/working to be given.  Many 
students did not realise that the domain of 𝑔(𝑓(𝑥)) = domain of 𝑓(𝑥). 

(c) Only a small number of students received full marks for this question. Many students did 
not recognise that the required domain for this sketch was the domain they had found in 
part (b).  Hence, they only needed to find the endpoint and x-intercept.  Markers accepted 
graphs sketched that were consistent with errors made in part (b). A number of students 
did not recognise the composite function as a cubic.  Hence, they attempted to draw some 
other curve, even though the correct curve was pre-drawn on the axes. Several errors 
were made attempting to find the 𝑥 and 𝑦 intercepts. 

 
 

Circular Functions (Part 1) 

Question 5 

(a) Most students correctly determined the period as 
𝜋

3
 and hence deduced the first asymptote 

at 
𝜋

6

−𝜋

6
 as 

well. 

(b) Only a small proportion of students included a sine sketch with the required domain 

highlighted.  Those that did this generally interpreted the range correctly as [−
1

2
, 1].  

Common errors involved 𝑠𝑖𝑛 (
7𝜋

6
) =

1

2
 or giving 

√2

2
 as the upper range value and use of 

rounded instead of square brackets. 

  



 

2021 Assessment Report 
Mathematic Methods, Level 4 (MTM415117) 
Page 3 of 10 

Question 6 

Basic angle recognition of 
𝜋

4
 and that only first and second quadrants needed were both handled 

well.  Different techniques were used by students to consider the adjusted domains and this could 

be done at the start or toward the end of reasoning to reach the four solutions −
3

4 
 , −

1

4 
  ,

5

4 
 ,

7

4 
. 

Some struggled handling  𝜋 in the equation. Two or more than four solutions were often 
encountered from those unable to work to the specified domain.  Any student that attempted to 
use the general formula had limited success.  The depth of understanding associated with this 
method was inferior to other types of trigonometric reasoning. 
 
Question 7 

(a) This question was generally well handled with most students getting the period of 12 months 
after solstice, midline at 12 hours and amplitude of 5.  Some students missed the reflection.  
Given the grid, the sketches generally had a good cosine shape with the 5 points accurately 
labelled although the curvature at (0,7) and (12,7) was often not apparent.  Some wanted 
to align numbers to the fourth month of the year instead of solstice references. 

(b) Students were expected to state, simplify and solve appropriate equations instead of 
attempting to approximate from the graph.  Most students determined 𝑡 =  4 and 𝑡 =  8 

(4,8) instead of 
[4,8] or <  
Those with a poor understanding of the modelled situation substituted 14.5 for t.  Errors 
from incorrect graphs in part (a) were traced through where appropriate. 

 
 

Differential Calculus (Part 1) 

Question 8 

(a) This question was done reasonably well by most students. Marks were deducted by not 
producing a fully factorised form as required by the question. A common error was writing 

incorrectly that (𝑒2𝑥)2 is 𝑒4𝑥2
 instead of the correct 𝑒4𝑥 , or by not cancelling down 

common factors between the numerator and denominator after the quotient rule was 
applied. 

(b) Many students knew what to do when answering the question. However, they often failed 
to find 𝑦 coordinates, merely stating the 𝑥 values. 

 
Question 9 

(a) This question was done very well, however students are reminded that the 
lim
ℎ→0

(𝑦𝑜𝑢𝑟 𝑒𝑥𝑝𝑟𝑒𝑠𝑠𝑖𝑜𝑛) must be repeated on every line. 

(b) Many students made a good attempt at this question but did not relate part (b) to part(a) 
for full marks as required by the question. 

 
Question 10 

This question was well answered. Sometimes extra (invalid) stationary points were included or 
the shape of the derivative curve was correct except that it was reflected in the 𝑥 axis. Joining 
between the stationary points was not as well done. 
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Question 11 

Most students were able to work out 
𝑑𝐴

𝑑𝜃
 and also that 

𝑑𝐴

𝑑𝜃
= 0 at a stationary point such as a 

maximum. Students then needed to state particular gradient values if they chose to justify the 
maximum through a derivative table. Some common algebraic simplification errors included 

stating cos2𝜃 − sin2𝜃 =
1

2
 or − 1. The question was merely expecting that students would write 

down the derivative and then justify through substitution or solving an equation that it was a 
stationary point. Clearly solving the equation was a much more complicated approach. It was also 
more complicated to use the second derivative method to justify that the stationary point was a 
maximum  in this case the gradient table method was much easier. 
 
 

Integral Calculus (Part 1) 

Question 12 

(a) Part (i) of this question was well done. Errors included not spotting the coefficient of 𝑥 in 
the fraction or +𝑐 students were able to see the link 
between this part of the question and the one prior to it. Time was often wasted integrating 
the numerator and denominator separately and then multiplying or dividing the two 
together. This was awarded no marks. 

(b) Students who gained most marks in this question correctly found the log to be the integral, 
included absolute value signs, and were able to apply a log to index conversation. However, 
very few students recognised that they needed to justify replacing the absolute value signs 

𝑎 > 2  
 
Question 13 

The process that this question required to be solved was generally completed well. It was 
concerning that students struggled to divide 32 by the negative decimal, while some took the 
derivative rather than integrating. Most students correctly substituted in the initial temperature 
coordinate, but many did not apply the index law correctly. 
 
Question 14 

(a) This question was well done. Errors included not doubling the integral expression to 
account for the symmetrical area of the fish below the 𝑥 axis or putting the terminals in 
the wrong way around. 

(b) Most students had a reasonable attempt at this question, however very few received full 
marks. Common errors when integrating included incorrectly handling the co-efficient in 
the cosine function, forgetting to divide by the new power in the square root function, 
and mistakes with negatives when substituting the terminals in. 

 
 

Probability (Part 1) 

As this was the last section in the paper and it appears that many students were completing the 
exam questions in order, a significant number of students did not complete all of this section. 
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Question 15 

(a) Many students confused this with a standard 5-trial binomial. Solutions could have been 
improved, in many cases, by identifying the event with the probability of the event. The 
probability of 5 tails was often miscalculated as 1/64 rather than 1/32. This error should 
have been caught while summing the probabilities to check the total is 1. 

(b) This question was not answered well. A number of students opted to calculate the 
. 

Many students went for the complementary event as an efficient method of solution which 
was misguided. 

 
Question 16 

(a) This question was answered well, given that it was somewhat novel. 

(b) Full marks required a precise mean value, but the standard deviation could only be 
approximately determined from the graph, so allowance was made for a range of plausible 
answers. 

 
Question 17 

Most students were competent in choosing the right formula and substituting correctly, although 
there were a number who, incorrectly opted for variance = 𝑛𝑝(1 − 𝑝). Resolving the answer 
showed significant issues with decimal arithmetic and squaring of 0.02. 
 
Question 18 

(a) Most students correctly calibrated the horizontal axis. Students who correctly calibrated the 
vertical axis used variance =𝑛𝑝(1 − 𝑝). 

(b) Many students described the shape of the curve rather than address the question. Students 
who successfully answered this question mentioned that 𝑝 could be any number between 
0 and 1 and 𝑛 was discrete due to being an integer. 

 
 

Function Study (Part 2) 

Most students gained success in this section, recognising the solution style required for the 
questions.  A reminder to students when using the calculator:  It is not sufficient to write down an 

marker your reasoning and explain 
your working. The solutions document shows ways answers can be presented. 
  i.e.  Solving the equation 1545 =  𝑔(𝑥) gives  
 𝑥 =  1600 𝑎𝑛𝑑 𝑥 =  1000 (this solution is rejected  not in domain) 
 Thus:   Smithies Peak is at (1600,1545)  
 Instead of: 
   𝐷 =  (1600, 1545)  by CAS 
 
Question 19 

(a) This question was very well answered.  Almost all students knew how to set up the equation 
to find the inverse.  There were a number of simplification errors  most commonly 
mishandling the square root sign. 
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(b) Most students were able to find the domain and range of f(x) correctly. A number of 
students were unable to apply: domain of 𝑓(𝑥) = range of 𝑓−1(𝑥) and range of 𝑓(𝑥) = 
domain of 𝑓−1(𝑥). 

 
Question 20 

(a) Many students found this question challenging. A number of students used log laws to 
simplify the expression but were unable to put it into the required form.  Often not 
recognising that log2 4 = log2(22) = 2. 

(b) Many students were able to complete the proof using change of base. A number of students 
showed understanding of the change of base theorem but did not know how to apply it the 
problem. 

 

Question 21 

This question was well done by most students.  There were some calculation errors.  Some 
students did not read the question properly and either, did not label the points of intersection on 
the graph, or only found the equation of the truncus. 
 
Question 22 

(a) Almost all students correctly stated the translations.  Common errors included: knowing 
there was a reflection, but not correctly stating the direction; knowing there was a dilation, 
but not correctly stating the direction or the factor.  A reminder that these are on the 
Mathematics Methods 4 Information Sheet. 

(b) Some students did not attempt this question. Students who did, showed they understood 
how to solve at least part of the question and achieved some marks. Common errors 
included: not writing both solutions when solving the equations, and then rejecting the one 
not in domain. The use of calculator to solve equations without any explanation of what the 
candidate was finding. 

 
 

Circular Functions (Part 2) 

Question 23 

(a) This question was not answered well from both an understanding, and clear labelling, 
perspective.  Some students just pointed towards point 𝐵 or drew in a horizontal line from 
point 𝐵 to the 𝑦 axis with no indication as to what this meant. Many stated that 

 tan 𝜃 =
𝑜𝑝𝑝

𝑎𝑑𝑗
 rcle where adjacent equals one,   

giving tan 𝜃 = 𝑜𝑝𝑝.  Labelling slope of the hypotenuse as tan 𝜃 was deemed as a correct 
alternative. 

(b) Handled well by students with 𝑡𝑎𝑛𝜃 = 2 + √3  or  𝜃 = 𝑡𝑎𝑛−1(2 + √3) the common 

equations stated.  Most then successfully used CAS to determine 𝜃 =
5𝜋

12
 or 𝜃 =

75 degrees.  Part marks awarded for tan 𝜃 =
1

2+√3
 leading to 𝜃 =

𝜋

12
  or 𝜃 = 15 degrees 

or approximate values like 𝜃 ≈ 1.309. 
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Question 24 

(a) This question was generally well handled, although many students gave little or no reasoning 
which was required before concluding that 𝑓(𝑥) = −0.5 cos(2𝑥) + 0.5.   Most common 
error was no negative linked to the reflection.  Some ignored the required structure of 
𝑓(𝑥) = 𝑎 cos(𝑏𝑥) + 𝑐 and examined translations.  Some set amplitudes incorrectly as 1. 

(b) Again, this question was poorly handled due to a lack of reasoning.  The use of CAS, time 
permitting, provides a check for those students slightly unsure of the extra translation 
complexity.  Many had sign errors linked to algebraic confusion with left or right translations.  
There are numerous correct responses such as: 

𝑔(𝑥) = 0.5sin (2 (𝑥 −
𝜋

4
)) + 0.5 

𝑔(𝑥) = −0.5sin (2 (𝑥 +
𝜋

4
)) + 0.5 

𝑔(𝑥) = −0.5sin (2 (𝑥 −
3𝜋

4
)) + 0.5 

𝑔(𝑥) = 0.5sin (2 (𝑥 −
5𝜋

4
)) + 0.5 

Some students correctly found a translation of 
𝜋

4
 units right however incorrectly inserted 

this into the equation format as shown below: 

 

𝑔(𝑥) = 0.5sin (2 (𝑥 −
𝜋

2
)) + 0.5 which is incorrect compared to 𝑔(𝑥) = 0.5sin (2𝑥 −

𝜋

2
) + 0.5 

 
Question 25 

(a) This question was handled well by students who drew right angled triangle with hypotenuse 

from origin to point A. Symmetry leads to 𝜃 =
𝜋

6
 and then (𝑐𝑜𝑠 (

𝜋

6
) , 𝑠𝑖𝑛 (

𝜋

6
)) = (

√3

2
,

1

2
).  

Part marks given to those setting 𝜃 =
𝜋

3
  and correctly linking to unit circle calculations. 

(b) This question was not answered well with many students giving no response at all.  Those 

that recognised need for additional right-angled triangle drawn to point 𝐻 and use of 
1

2
 from 

part a) for opposite side could show that 
√3

3
 as inner radius.  Many observed that  

𝑡𝑎𝑛 (
𝜋

6
) =

√3

3
  

 
Question 26 

This question was handled extremely well.  Most students 

meant that C=(
𝜋

2
, 0) .  The period at 3𝜋 then leads to 𝑦 = 𝑡𝑎𝑛 (

1

3
(𝑥 −

𝜋

2
)).  Most students then 

went onto successfully calculate values for the points 𝐴 and 𝐵.  Some stopped at  

𝑦 = 𝑡𝑎𝑛 (
1

3
(𝑥 −

𝜋

2
)) which is the usual endpoint for these sorts of problems.  The most common 

error was associated with the 𝑦 = 𝑡𝑎𝑛 (3 (𝑥 −
𝜋

2
)) conclusion which led to an undefined 

calculation.  Some penalty was associated with decimal approximations instead of 

 ±
√3

3
 for 𝐴 and 𝐵 respectively. 
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Differential Calculus (Part 2) 

Question 27 

(a) This question was done very well. 

(b) This question was done reasonably well. However, some students averaged the derivative 
values where 𝑥 = 1 and where 𝑥 = 3 which coincidentally led to the correct answer but 
were awarded no marks as the approach was entirely incorrect. 

 
Question 28 

Students are encouraged to check their derivative expression with the calculator to identify quickly 
if they have made algebraic mistakes. There were many opportunities to award part marks for 
errors carried forward. It was important the students rejected 𝑥 = −3 after solving the equation 
as it is invalid, in order to gain full marks. 
 
Question 29 

This question confused many students with the principal area of confusion relating to the idea of 
To gain the full 4 marks, stating correct domain with appropriate 

reasoning/justification was required. 
 
Question 30 

This question was answered very well, with substantial marks for errors carried forward awarded 
to many students who did not gain full marks. A common error was stating the full algebraic 
expression for the derivative rather than substituting in the appropriate 𝑥 value so that the 
gradient becomes a number. 
 
Question 31 

(a) Many part marks were awarded to this question as students in the main were able to show 
that 𝑓′(𝑑) and 𝑔′(𝑑) were the same value, thus proving smoothness. However, many 
students also failed to realise that they needed to prove continuity as well, i.e. that 
𝑓(𝑥) = 𝑔(𝑥) at 𝑥 = 𝑑. 

(b) Students 
 

 
 

Integral Calculus (Part 2) 

In this section, there was considerable evidence of poor arithmetic skills. If examiners 
were deducting whole marks for this, students would have difficulty gaining marks. Where 
possible, students are advised to use their calculator for arithmetic because often mistakes were 
made in the calculator when they did not utilise the technology available to them. 
 
Question 32 

(a) Most students recognised that it was necessary to split the expression into two sections and 
make the area under the 𝑥 axis positive. Mistakes included incorrect use of absolute value 
signs and failing to write 𝑑𝑥. 
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(b) This question proved more challenging than expected. Most students correctly identifying 

cognised that 
the difference between these areas is precisely one unit of area. 

 
Question 33 

This question was generally not answered well. Students were able to integrate the constant 
Some students have 

not encountered many questions where the terminals of an integral have been switched and were 
unable to figure this out in this exam situation. 
 
Question 34 

Students who integrated the velocity between 0 and 4 had great success with this question. Those 
who found a formula for distance often assumed that the constant was zero without proving this 
by substituting the starting co-ordinate (0,0). Another common error was to use the value 32 that 
was provided, rather than calculating it for themselves  
questions. 
 
Question 35 

(a) This question was well done. Common errors included answering to too many decimal 
places and omitting units in the final answer, as well as subtracting 𝑓(𝑥) from 𝑔(𝑥) without 
using brackets. Calculating this resulted in an incorrect negative answer. 

(b) Most were able to follow through with this part of the question, with some occasional errors 
using division rather than multiplication or omitting cubic metres. 

 
Question 36 

This was a challenging question, and many students did not attempt it. Those who did were 
generally successful. They rearranged the linear equation and identified the gradient, equating this 
to the gradient function of the hyperbolas. Others found the integral and equated this to the linear 
line, which proved difficult to solve. 
 
 

Probability (Part 2) 

Given students had the opportunity in Part Two to use their calculators, it was notable that some 
students chose not to on occasions, often to their detriment. 
 
Question 37 

This was an accessible entry to the section for most students. Many gained full marks. Some 
students gained part marks for finding 𝐸(𝑋) and stopping. A number of students lost marks by 
not providing evidence for the value for 𝐸(𝑋2), neglecting to either square the expected value 
or to take the square root to find the standard deviation. 
 
Question 38 

This question was answered well. Most students correctly identified the variables and set up the 
equation for the margin of error correctly. Most students who lost part marks did so by not 
rounding (or rounding down) the answer to reflect the correct whole number of tennis balls.  
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Question 39 

(a) This was reasonably well understood by students, but a significant number of students 
missed full marks by not starting their efforts with the appropriate statement or diagram 
describing the distribution. Typically, their answer commenced with the relevant calculator 
instruction and proceeded to the correct answer from there. 

(b) Students found this not as accessible as part (a) and fewer gained full marks, Again, there 
was often an absence of a diagram or explanation of the distribution and too little evidence 
of process (considering that this is a calculator section). Some students used 
as their method of choice with successful results, others used their calculators to solve for 
𝑏 via for example solve(normcdf(110,b,15,100)=0.15). The other successful 
approach was to infer Pr(IQ > 𝑏) = 0.10249 and then use the inverse normal. 

 
Question 40 

(a) Most students received part or full marks from this question. Given that the answer was 
provided, marks were deducted if there was no statement that they solved for 𝑝 or other 
evidence to show process between their initial statement and their conclusion that 
𝑝 =  0.23. 

 
(b) Part (i) was successfully completed by most students; however, if the general accepted 

which, of course, flowed through to the subsequent question. The students who calculated 

successful as those who used the distribution function. The increased opportunity for 
arithmetic errors appeared to take its toll. In part (ii), not as many students gained full marks 
in this part. Again, not making a statement describing the new distribution was common. 
Other students using the original 𝑝 
nights. 










































































































