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Overview
This subject assessment advice, based on the 2025 assessment cycle, gives an overview of how students performed in their school and external assessments in relation to the learning requirements, assessment design criteria, and performance standards set out in the relevant subject outline. It provides information and advice regarding the assessment types, the application of the performance standards in school and external assessments, and the quality of student performance.
1. The Subject Renewal program has introduced changes for many subjects in 2025; these changes are detailed in the change log at the front of each subject outline. 
School Assessment
Teachers can improve the moderation process and the online process by:
thoroughly checking that all grades entered in Schools Online are correct
completing performance standards records (PSRs) consistently for all relevant performance standards for all students in the moderation sample. If a performance standard is present in the learning and assessment plan (LAP), it must be indicated in the PSR unless it is removed for all students with rationale provided in the Addendum section of the LAP
ensuring the uploaded files are a reasonable scan quality, the work has the correct orientation, and blank pages and student notes have been removed
uploading all skills and application tasks (SATs) as a single scanned file for ease of moderation
preferably providing a summary of student results in each of the SATs on the first page of the uploaded SATs file
filling in the variation form if a student did not complete one or more tasks 
providing clearly marked student work showing which mathematical calculations are fully or partially correct and which are incorrect as a requirement of moderation. Showing marks and totals for SATs is also helpful
ensuring the application of the subject adjustments in removing a skills and applications task is restricted to the entire class having the same task removed (i.e., the same task removed for all students); it must not be applied student-by-student
updating their learning and assessment plan (LAP) to ensure consistency with subject outline changes that were made in 2025
marking AT2 mathematical investigations thoroughly, with an indication of where mathematics is correct and incorrect, as well as an indication of where key performance standard achievement is being assessed
completing the PLATO calibration for the subject each year prior to making assessment decisions to ensure consistent and appropriate application of the performance standards that can be confirmed in moderation.


Assessment Type 1: Skills and Applications Tasks (50%)
Students complete five or six skills and application tasks under the direct supervision of the teacher. 
In 2025, the requirement for the equivalent of one task to be undertaken without the use of either a calculator or notes has been removed. Students provide evidence of their learning in relation to the following assessment design criteria:
concepts and techniques
reasoning and communication.
Teachers can elicit more successful responses by:
using varied assessment questions that provide a mix of routine and complex problems to assess a range of skills and understanding
avoiding the use of questions from past examinations and textbooks, as these provide limited opportunities for authentic student engagement:
· There continues to be evidence of teachers using questions directly from past examinations and textbooks without altering them. This is not an acceptable practice given that students have access to these questions and solutions prior to the assessment.
providing multiple opportunities for:
contextual interpretation of results
0. assessment of the reasonableness of results
0. demonstration of conjecture development and proof.
using appropriate verbs, such as state, explain, and interpret to guide students to form an appropriate response
providing students with axes and grids when asking them to sketch graphs
ensuring that content aligns with the Stage 2 Subject Outline. There has been an increased prevalence of Stage 1 and earlier content being assessed in Stage 2 assessments, which is inappropriate
providing students with the opportunity to both make a conjecture and prove it. Some tasks have been found only to provide one of these opportunities. For example, students make a conjecture but are not asked to provide a proof. This severely limits their ability to demonstrate RC5
using mark schemes appropriate to the work required with clear alignment between marks awarded and skills demonstrated.
The more successful responses commonly:
demonstrated clear understanding and logical steps in problem-solving
included appropriate working for ‘show’ type questions
used technology appropriately, using the space allocated proportionately to the marks allocated 
responded well to questions that allowed for contextual interpretation and reasoning
followed the structure of questions that provided scaffolding towards complex mathematical reasoning, leveraging results of earlier parts of questions to answer subsequent parts.
The less successful responses commonly:
showed a reliance on routine processes without deeper contextual understanding
left questions blank, indicating a lack of familiarity with foundational concepts
failed to annotate or label graphs properly, leading to contextual misunderstandings
provided a decimal approximation instead of presenting the exact solution as requested
did not effectively use technology when appropriate and instead applied algebraic techniques.
Assessment Type 2: Mathematical Investigation (20%)
Students complete one mathematical investigation with minimal teacher direction. The task must afford students the opportunity to extend the investigation in an open-ended context. The task should be written in a format that allows the student to conduct their own open-ended investigation. 
It must be completed in report format (if written) and must be no longer than 15 single-sided A4 pages. Appendices should be used for repetitive calculations only. However, in 2025, the mathematical investigation must be no longer than 12 single-sided A4 pages.
Task design continues to be the leading cause of less successful student responses in AT2.
Students provide evidence of their learning in relation to the following assessment design criteria:
concepts and techniques
reasoning and communication.
Teachers can elicit more successful responses by:
ensuring that student work does not exceed the 12-page limit by:
designing tasks that provide students with adequate opportunities to demonstrate depth of understanding within the new 12-page limit for the investigation
clearly indicating the new 12-page limit on task sheets and within the LAP.
providing clear entry points that demonstrate appropriate connections to real-world contexts, application of models to find solutions, and interpretation of results in the context of the problem
reducing over-scaffolding to allow students to explore and develop models in their own context
designing tasks that encourage students to link mathematical techniques to real-world contexts that will allow them to demonstrate meaningful application and interpretation of results:
Students continue to develop models without then applying them. To demonstrate achievement in RC3, students must use models developed to ‘find solutions’. This can take the form of calculating specific values, optimisation, rates of change, or any other mathematical calculations that use the model in an applied context. Furthermore, the lack of application results in limited opportunities for students to demonstrate RC1 and RC2 in this assessment type.
encouraging students to demonstrate clear reasoning processes in mathematical proofs and model development
providing opportunities for open-ended investigation that require students to demonstrate the refinement and evaluation of mathematical models
encouraging students to justify choices made throughout their investigation, particularly in relation to parameter choices for mathematical models
ensuring that students understand the performance standards that are being assessed in a task through task design, so that students can demonstrate these, particularly in commonly used tasks.
In the surge and logistic task provided online, less successful responses:
used more than half of their page limit on the routine common components and thus showed minimal development of their own models in the open section of the task
made conjectures that were not clearly aligned with the evidence collected when observing the behaviour for specific parameter values
proved conjectures that had not been made or the provided proofs preceded conjectures in the report. This demonstrates poor understanding of mathematical processes and indicates that students are likely sourcing their proofs from textbooks, online or other students
did not demonstrate the connection between general findings regarding the behaviour of surge and logistic models and the modelling process, instead opting for regression or trial and error methods
did not develop models beyond an initial attempt, thus limiting their ability to demonstrate RC3
assigned parameter values, initial values, or data in the open section without justification.
In the rollercoaster task provided online, less successful responses:
did not demonstrate an understanding of the importance of continuity of the slope at transitions beyond the initial linear-quadratic connections
did not provide an initial design or research to support the modelling process
developed their model without reference to scale
applied a primarily trial and error approach to function selection or modelling with minimal evidence of mathematical reasoning
overused simultaneous equations and/or cubic polynomials in the process of connecting curves.
ensuring tasks allow for differentiation between student responses, avoiding tasks that inherently lead to uniform results or mathematical processes:
The mathematical investigation on mouthwash is unsuitable for the current course. Teachers who continue using this investigation disadvantage students because it lacks opportunities for upper-grade achievements.
A new mathematical investigation investigating areas of paper triangles also disadvantaged students as the complexity of the mathematics was limited, and additional paper sizes are a scalar multiple of each other, thus resulting in a repetitive process with little diversity in student outcomes.
A new mathematical investigation regarding the areas of circles and the arbelos also disadvantaged students as there was minimal calculus required in the investigation.
ensuring tasks adequately address the content within the subject outline, avoiding tasks that require substantial application of mathematical techniques covered in other courses:
Tasks related to volumes of revolution require knowledge and understanding that should be assessed in the Specialist Mathematics course.
Tasks heavily reliant on regression modelling, particularly using technology, do not provide students with the opportunity to demonstrate the mathematical techniques covered in the course.
The more successful responses commonly:
demonstrated a connection between mathematical results, real-world implications, and applications
used effective notation and terminology, such as labelling of graphs and consistent and accurate use of mathematical language
included detailed model development and refinement processes when creating, testing, and improving mathematical models
presented clear and structured mathematical reasoning when deriving mathematical models or completing mathematical proofs
leveraged technology effectively to support calculations and provide graphical representation
identified and discussed limitations of models by providing insightful and specific contextual critiques
made effective use of graphs and labels to communicate findings visually
displayed connections between different parts of tasks, leveraging earlier findings in later sections.
The less successful responses commonly:
relied heavily on scaffolding, failing to investigate beyond the prescribed steps of the task
replicated examples without innovation or personal insight
lacked contextual connections to meaningful real-world contexts
presented findings without an understanding of the broader contextual implications
skipped steps in mathematical reasoning, jumping to conclusions or lacking intermediate steps in algebraic processes
used online tools to complete routine tasks such as differentiation and then used screenshots or directly copied from these sources as if it were their own work
misused notation or lacked clear labelling in graphs
did not provide graphical representations of the models developed
lacked clear labelling of functions on graphs where multiple functions were presented
neglected to support their mathematical conclusions using graphical evidence
relied on proofs that are easily accessible through textbooks or online
overlooked the limitations of their mathematical models, ignoring or minimally addressing the assumptions or constraints of the models and the limitations of the findings.
External Assessment
Assessment Type 3: Examination
Before looking at individual questions, the dot points below highlight common paper-wide issues observed in student responses. Much of this advice has been provided in the previous Subject Assessment Advice; however, it is reiterated because these issues continue to limit student achievement. The examination markers endeavour to award marks for evidence of understanding wherever possible, and the guidance below is intended to support students in demonstrating their knowledge and skills more consistently across the paper.
When completing their examination, students should:
avoid crossing out responses or attempted responses to questions in the examination booklet unless they are confident that no part of the response should be considered by the marker
clearly let markers know if they complete a question on one of the blank pages available to ensure that it is considered as a possible response to a question
pay closer attention to the wording of questions. Words or phrases such as ‘exact’, ‘hence’, ‘show’, or ‘using an algebraic process’ are used to help guide a student’s approach in finding a solution
[bookmark: _Hlk184304096]ensure that their answer makes sense in the context of the problem. In instances where a trivial error leads to an unrealistic answer, a mark may be awarded if the student shows recognition (via comment) of a likely error in their method. An example of an unrealistic answer would be when calculating a probability through an integral, resulting in a value that is greater than 
take greater note of the allocated marks and space provided in a question to determine if they can use technology or simply state the answer (rather than show any mathematical process)
understand that even if they do not successfully solve one part of a question, they can generally continue to attempt to solve the following sections. Great care is taken during the writing process to allow multiple entry points into questions wherever possible. Where a student requires a previous answer which they were unable to find, to continue with the next part of the question, they are encouraged to ‘make up’ a reasonable result and use this to continue with all future parts for which it is relevant
be more careful when rounding numbers appropriately. It is an expectation of the course that answers are given to three significant figures (unless otherwise stated). To avoid unfairly penalising students’ multiple times throughout both booklets, the examination writing team identify a specific question in which rounding errors are penalised
sketch graphs more carefully using a pencil. Students should take note of the key aspects of the graph they wish to plot and ensure that they are accurately plotted. These include shape, axes intercepts, intersections with the graphs of other functions, critical points (for example turning points), asymptotes, and the end points of functions on a domain
not bother to write the name of the derivative rules used (adjacent to their working), for example ‘using product rule’. This is not a requirement in any calculus-based question and is ignored during the marking process
extend their graphs to reach either the horizontal or vertical edges of the grid space provided (whichever comes first) when sketching graphs. Many students only draw a small section of requested graphs leading to not all marks being achieved. Students are encouraged to use technology to calculate the left-most visible point and rightmost visible point possible. Additionally, when adding a graph to a Figure already containing a sketched function, students are encouraged to draw both functions in their graphics calculator so that they can visualise how the functions interact.
A point of difference in this year’s exam was the multiple tick-box style questions. This was done to help model appropriate student responses (particularly in confidence interval questions) to help students achieve more marks in these question types in future years.
Question 1
This year’s exam returned to the familiar opening question from past papers involving routine differential calculus and integral calculus with no context. As with past exams, students achieved comparatively well in this question type due to its familiarity. On average, students scored 6 out of the 8 marks on offer, with most marks being lost in part (b). Approximately 40% of students achieved full marks for this question.
1. The more successful responses commonly:
used derivative rules carefully and correctly to find answers in part (a)
did not expand the brackets in part (a)(iii) recognising that the expanded form would also require the use of the product rule, and that differentiating the expression in its given form was therefore a more efficient approach 
correctly simplified the equation in part (b) to be in an appropriate form, before integrating it using the relevant rules, and included the constant of integration “”.
The less successful responses commonly:
showed carelessness in their notation in part (a). Common issues were missing brackets, indices, and negatives signs
incorrectly integrated the numerator and denominator separately in part (b).
Question 2
This question, focusing on the Normal Distribution and the distribution of Sample Sums, was reasonably routine in nature, but required careful reading to ensure the correct parameters were used. Students generally did well in this question, with approximately 50% of students achieving 6 marks or more from the 8 marks on offer.
The more successful responses commonly:
showed evidence of careful reading of the question, ensuring parameters were correctly selected to match the appropriate type of tofu block throughout all parts of the question
used the probability calculated in part (a) and the probability given in part (b) to correctly select ‘small blocks’ in part (c)
showed clear working out in part (d)(i). As the answer is supplied in this question, students were required to show clear substitution into the relevant formula to calculate the two requested parameters. 
(i.e.  and )
The less successful responses commonly:
did not treat the random variables modelling the weights of various tofu blocks as continuous throughout the question. This led to incorrect manipulation of inequalities in some students’ calculations. For example, in part (a), some students incorrectly interpreted the ‘more than ’ as ‘more than or equal to ’.  
It is worth noting that if a student made this error throughout the question, they were only penalised once
did not take note of the instruction to use the ‘standard normal distribution’ in part (b) in finding the standard deviation. Some students chose to incorrectly implement a trial-and-error approach which did not address this instruction, resulting in a loss of marks
incorrectly left off the negative sign in the calculated -score (i.e.  vs ) in part (b). This error often had a follow through error in which the standard deviation came out to be a negative number. As a result of this, many students attempted to correct the final answer without identifying the source of the error. 


Question 3
Much like Question 1, this question contained no context; however, it involved both differential calculus and integral calculus. Although largely a purely algebraic question involving a simple routine polynomial, it required students to think about how the values of  affect the accuracy of the lower and upper estimates of the true area under a function. Students generally did well in this question also, with approximately one quarter of students achieving full marks.
The more successful responses commonly:
correctly drew the upper estimate in part (a) (rather than the underestimate) using exactly two rectangles
correctly found  and  in part (c), taking note of the negative in the leading term
used concise language or a quick sketch in part (d)(ii) showing a clear understanding of the link between  and the shape of the graph (concave down) when justifying their answer to part (d)(i)
showed clear and logical steps in finding their answer to part (e), taking note of the negative in the leading term. It’s worth noting that a decimal representation of this area was accepted if given to five significant figures (as this value is exact); however, in other situations (for example, where the exact value is irrational) a decimal representation would not achieve the final mark when an exact answer is required.
The less successful responses commonly:
drew both the upper and lower rectangles in part (a) (perhaps when attempting to verify their answer to part (d)(i))
only drew the parts of the rectangles above the function  in part (a) (i.e. no lines below the function at all)
incorrectly calculated the area of the two rectangles required to find  in part (b). Some common errors included:
using the incorrect  values to find the height of each rectangle. A common error was to use  and  which calculated the underestimate (this error was often present even when the correct rectangles were drawn in part (a)). Additionally, some students incorrectly used  and 
attempting to approximate the height of the rectangles using the graph in Figure 1
did not take into account the width of each rectangle being 
were not careful enough in their written responses to part (d)(ii). For example, ‘ is decreasing’ is not equivalent to ‘ is negative’.  
Question 4
This question involved both Binomial Distribution and Inferential Statistics within a context of an arcade game involving a cat. While most parts of this question were routine, part (a) (iii) was unfamiliar in structure and proved challenging for many responses. This year, a decision was made to move away from requiring worded responses when assessing whether a confidence interval supported a claim, as this has been done inconsistently in previous years. It was pleasing to see more students gain marks in these questions this year in comparison to past papers. Despite the many unfamiliar aspects to this question, students overall performed well with approximately three quarters of students achieving 6 or more marks out of the 9 marks on offer.
The more successful responses commonly:
determined the parameters of the Binomial distribution by carefully reading the question (i.e. , ). These parameters were required to demonstrate the calculation of the given  in part (a)(i)
used their graphics calculator in part (a)(ii), part (a)(iii) and part (b)(ii) to calculate the requested probabilities and confidence interval
demonstrated careful reading of the question to hence tick the appropriate boxes in part (b)(iii)(1) and part (b)(iii)(2). Although the final three options in part (b)(iii)(2) were true, only the second option of the four could be used to support the player’s suspicions.


The less successful responses commonly:
did not consider the discrete nature of the random variable in part (a)(iii). Using a trial-and-error approach many students determined that ; however, as the question states ‘more than ’, this means that . Some students also gave a non-integer number here which is not possible given the nature of the random variable 
attempted to use the ‘Inverse Binomial’ option on their calculator to determine the value of  in part (a)(iii). Although it can be used to find the value, students needed to make careful adjustments to what they entered into their graphics calculator, as this menu only finds  for , when given  (the probability of an outcome),  (the number of trials), and  (the probability of success)
used incorrect notation in their confidence interval in part (b)(ii) such as , ,  or  rather than the 
required .
Question 5
This question did not involve algebraic processes. Instead, it focused on using the attributes of given graphs to construct sign diagrams, compare values, and draw sections of various related graphs. A key point of difference from many past exams was that the supplied function was , rather than the usual , requiring responses to draw sections of both  and . The earlier parts of the question were well attempted by students; however, as with past exams students continue to find it challenging to draw functions when not given an equation. As a result of this and other errors, only approximately 15% of students achieved full marks for this question.
The more successful responses commonly:
correctly allocated the signs to the sign diagram in part (a)
correctly stated the domain for  using inequalities in part (b). Markers were lenient in this question, with no distinction made between the use of  and , and the exclusion of the upper limit of  was ignored. For example, the following answers were all accepted as correct (just to name a few):
  (the most formally correct answer)
and 

recognised that  was negative between  and  and selected the correct option in part (c).
The less successful responses commonly:
introduced additional -values to the sign diagram in part (a). 
sketched a graph for  in part (d) with missing critical points or incorrect aspects. Some common mistakes in student’s sketches were:
not connecting the function at  to the existing curve at a local maximum
having more than one turning point (not including the left connecting point)
not intersecting the -axis at the correct values. The two sketched -intercepts, allowing for some error, should have been 
between (exclusive)  and  and 
closer to  than  or 
It is worth noting that the markers gave no consideration to the coordinate of the one sketched local minimum in their marking
sketched a graph for  in part (e) with missing critical points or incorrect aspects. Some common mistakes in student’s sketches were:
not connecting the function at  to the existing curve at a local minimum
having more than one inflection point, or more than zero turning points (not including the right connecting point). The -coordinate of the sketched inflection point, allowing for some error, should have been between  and : however, markers were lenient in its placement as it is often challenging to visually see its exact position
not reaching the -axis with an approximately zero slope.
Question 6
Although this question started with a routine derivative, the final part of the question required careful thought and consideration of the context. Responses generally demonstrated strong performance in the earlier parts of the question, but students experienced difficulty with the approach required in part (c). With this challenging final part, this question had the lowest percentage of marks achieved in Booklet 1, as expected.
The more successful responses commonly:
showed clear and logical steps in finding  in part (a)
used technology to find the requested value in part (b). An effective approach was to plot a graph of the given result from part (a), and then use the appropriate function of the calculator to find the minimum value
used a structured process to determine the exact value of  in part (c). The main approaches taken by students who were successful were:
Approach 1 – Finding the general equation of the tangent at  using the following steps:
determine the coordinate and slope at 
determine the corresponding equation of the tangent through this coordinate with this slope. The approach requiring the minimum amount of algebraic complexity used the formula , or the general form 
substitute the origin into this tangent to determine the value of 
0. It is worth noting that the origin could be used first to establish the equation of the tangent, and the coordinate at  could be used in the final step
Approach 2 – Use the slope of the chord
determine the slope of 
equate this slope to  when  and solve to determine the value of .
The less successful responses commonly:
used the product rule in part (a), leading to a much more challenging process to find the derivative
implemented the quotient rule in the incorrect order in part (a), resulting in the numerator being the negative of the desired result (i.e. an incorrect numerator of )
differentiated the given equation for  in part (a) (i.e. they found )
listed the -value when the function has the minimum slope, rather than the requested slope value in 
part (b)
showed limited evidence of careful reading of part (c), leading to an incorrect approach. Some common incorrect approaches were:
letting the slope of the tangent be 
finding the second derivative, thinking the value of  related to the inflection point.
Markers were still able to award some marks if a student was able to engage in a process with comparable complexity to the correct solution.
Question 7 
This short question explored a continuous random variable through a probability density function, before transitioning into a confidence interval question asked in an unfamiliar manner. Earlier parts of the question relied upon the use of technology, and later parts required careful reading of the question to determine answers. This question proved challenging, as reliance on calculator-based methods commonly used in routine confidence interval questions was not sufficient. Only approximately 12% of students achieved full marks, largely due to the final two parts of the question.


The more successful responses commonly:
used technology to calculate the requested probabilities in part (a)(i) and part (b). Since each question was worth just one mark, there was no need to include notation or proof of substitution
responded with a clear ‘No’ in part (a)(ii) followed by a clear reasoning linking the probability of  from part (a) to being greater than  (i.e. )
demonstrated careful reading of the question in part (c)(i), leading to rounding up  to  (as if they rounded down to  the confidence interval would not support the claim with % confidence)
used the known properties of a confidence interval to calculate the requested sample mean in part (c)(ii). As the sample mean is always in the centre of any confidence interval calculated using it, the equation  could be used to quickly get the desired answer.
The less successful responses commonly:
incorrectly listed their answer to part (b) as , assuming that the distribution was symmetrical about the mean
gave vague responses in part (b). These include but are not limited to responding with a ‘Maybe’, or ‘Unlikely’ rather than the required ‘No’; or, giving a justification that was unclear or incorrect
attempted to calculate a confidence interval in part (c)(i) using their graphics calculator. As the standard deviation was not provided, this approach did not support a correct solution
did not state their answer in part (c)(i) to the nearest calorie.
Question 8
This question involved a probability mass function (geometric distribution) used to model the number of dice rolls in a particular game. It assessed understanding of the context through worded responses, the use of technology to calculate probabilities, and the manipulation of algebraic equations to find given equations. Overall, performance in this question was reasonably strong, with approximately 60% of students achieving 6 or more out of the 11 marks on offer. It also had a high mode of 10. 
The more successful responses commonly:
commented that the number of trials was ‘not fixed’ (or equivalent) in part (a)(i)(1). Answers commenting on the other conditions for a binomial distribution did not receive the mark (i.e. two possible outcomes, the probability of success remains constant, independent trials)
used technology to quickly calculate the requested probabilities in part (a)(ii)(1), part (a)(ii)(2) and part (b)(i). Although full marks were awarded to the correct probabilities (even with no working out), more successful responses showed substitution and the addition of the multiple options possible (i.e. in part (a)(ii)(2) and part (b)(i))
used clear and logical steps to reach the given quadratic in part (b)(ii)(1). Some common steps included were:
clear substitution into the given probability mass function to find 
equating this probability to be 
expanding and grouping like terms
removing denominators through multiplication.
used technology to solve the given quadratic in part (b)(ii)(2). The limited space provided and the allocation of one mark were intended to discourage the use of an algebraic approach.
The less successful responses commonly:
showed limited evidence of careful reading in part (a)(i)(2) to comprehend how points were rewarded in this scenario. A common incorrect response was ‘there is no zero on the dice’ 
did not take note of the ‘hint’ that it cannot be modelled using a Binomial Distribution in part (a)(i)(1). These responses then went on to use the Binomial Distribution to calculate all future probabilities in part (a)(ii) and part (b)
did not take note of the ‘hint’ given in part (a)(i)(2) that  was not possible. This led to errors in 
part (b)(i) and part (b)(ii)(1) when these students included  in their calculations
listed the probabilities separately in part (a)(ii)(1), part (a)(ii)(2) and part (b)(i) rather than adding them together. This error seemingly resulted from the colloquial understanding of the word ‘or’ rather than its definition in mathematics
left part (b)(ii)(2) blank, despite having all the required information to solve for , even if they had completed no other parts of the question
included both solutions to the given quadratic equation in part (b)(ii)(2), not considering that the variable  represented the number of sides of a dice, hence, an integer value is required. It was also stated at the top of the page that  which could have also been used to disregard the answer of .
Question 9
This question, which focused on integrals, required an understanding of how the value of a definite integral is affected by the position of a function relative to the -axis or to other functions. Most parts of this question were handled well; however, as in previous years, many responses showed difficulty distinguishing between definite integrals and areas, leading to errors in interpretation and evaluation. Data indicates that this was one of the better-answered questions in Booklet 2, with approximately 63% of students achieving 4 marks or more.
The more successful responses commonly:
used an understanding of how the area above and below the -axis affects the value of the definite integral of  in part (a) and part (b) rather than having to rely on technology
used the given information at the beginning of the question on page 7, along with the dot points below Figure 9 to correctly answer part (c), stating their answer correct to three significant figures
determined which regions the integral statement in part (d) required (i.e. ,  and ) to correctly evaluate it
used a ruler to sketch a horizontal line in part (g) that passed through the intersection point between  and  in Figure 10. Allowing for error, a correct answer should have been vertically closer to the right-most intersection point between  and  than the right endpoint of 
showed notation which highlighted that the sketched horizontal line in part (g) was an equal distance below the -axis as  is above the -axis. This was often represented by a new vertical dashed line in Figure 10 and notation denoting it was the same length as the existing dashed line in Figure 10. 
The less successful responses commonly:
added the two shaded regions together in part (a) resulting in an answer of 
listed  as their answer to part (b). This may have resulted from determining the -coordinate of the maximum of , rather than maximising the given integral statement
listed an incorrect value for their answer in part (d). Some common incorrect answers were:
, which results from not including the regions of  and 
, which incorrectly treats the regions of  and  as having negative area (possibly as they were below the -axis).
gave an incorrect integral statement in part (e). Common errors were:
incorrectly having an upper bound of  instead of 
listing the wrong functions 
having the correct functions subtracted in the wrong order (i.e.  which results in the negative of the requested area).
It is worth noting that there were many possible paths to a correct solution here. Some examples of alternative correct solutions are  or , just to name a few.
ignored the instruction of ‘horizontal line’ in part (g), with some students drawing oblique lines, or the graph of .


Question 10
This calculus-based question involved trigonometry, natural logarithms, and a conjecture structured in an unfamiliar manner. The final part required application of the conjecture to determine a result. Performance on this question was comparatively lower with only 9% of students achieving 10 or more of the marks on offer.
The more successful responses commonly: 
correctly found the derivative in part (a) applying the chain rule successfully 
showed clear evidence of process to prove the given conjecture in part (c)(i). Some examples of evidence which helped students achieve full marks were:
the substitution of  and  into 
the subtraction of these values to find  in non-simplified form
the removal of  and  as both are equal to zero
the simplification of the expression using log laws to  before the cancelling of the ’s
gave a correct formula for  in part (c)(ii)(1) based on Pythagoras. A correct answer also required  to be replaced with  and  replaced with .
The less successful responses commonly:
did not consider the argument of  in their derivative in part (a)
attempted to use log laws before differentiating in part (a), i.e. . Although a successful solution is still possible, it required much more complex mathematics 
did not show clear and logical steps to find the given answer in part (b). Although students were able to set their derivative equal to zero, many were unable to show evidence that they isolated  and hence  through clear algebraic process
did not use the given result from part (b) to substitute into  in part (c)(i)
made no attempt at part (c)(ii)(1) or (2). As all information required to progress was available, responses that re-engaged with the problem at this point were able to access marks even if earlier parts were not completed
attempted to use Pythagoras in part (c)(ii)(1), however made errors such as:
forgetting the squares, i.e. 
incorrectly cancelling the square root and the squares, i.e. 
forgetting to square the  in 
only squaring the argument of the natural logarithm rather than the whole term, 
i.e.  vs 
It is worth noting that alternative solutions to part (c)(ii)(2) were created based on these errors in part (c)(ii)(1) [and many others] to allow students to achieve marks in the last part of the question where possible
used an algebraic approach in part (c)(ii)(2). Difficulties arose through complexities in handling the inequality, the complex nature of the algebra involved, and students not rounding their final answer up from  to . Although when well completed a solution was possible, more successful responses took note of:
the wording used (i.e. ‘Give evidence to support your answer’ rather than ‘using an algebraic approach’) 
the small number of allocated marks
the minimal space provided and 
the discrete nature of the variable  
and instead used a trial-and-error approach. Students are to be reminded that when using a trial-and-error approach, they must show consecutive values of  ‘either side’ of when  (i.e. the last value of  such that , and the first value of  such that ). 
Question 11
The final question on this year's examination centred on calculus, required students to determine the most effective methods for solving problems involving unfamiliar functions. The question started by plotting a hyperbolic function (using the equivalent functions containing exponentials), however, it quickly increased in complexity requiring students to use and prove new derivative rules. It culminated with a question requiring students to replace the given hyperbolic functions with their equivalent functions containing exponentials (much like the graphing question) to allow an algebraic solution to follow. Despite the level of challenge presented by this question, responses demonstrated stronger performance than expected, with more than 30% of students achieving more than 50% of the marks on offer.
The more successful responses commonly:
drew a neat sketch of the function of   in part (a) by entering it into their calculator using the equivalent functions containing exponentials. Some features of the graphs that ensured all marks were achieved were:
a local minimum at . 
symmetric about the line 
a curve that was never to the right of the existing shown function of , asymptotically approaching it from the left
a curve that covered enough of the grid space in Figure 13 (i.e. some curves finished well below the largest y-value possible of )
Students are encouraged to plot both the requested function (i.e. ) and the function provided in Figure 13 (i.e. ) in their graphics calculator so that they can visualise how the functions interact
used the given rules (in Table 2) in conjunction with the quotient rule to differentiate  in part (b) with clear and thorough algebraic process evident. Although it was possible to replace  with the equivalent function containing exponentials, the algebraic process required to reach the given result was a little more complex, often leading to errors
used their knowledge of the derivative rules of the course, and the rules given in the various tables in this question to correctly calculate the second derivative in part (c)(i). Some algebraic steps successful students used were:
writing the  term in  as  to allow the second derivative to be found more easily, rather than relying on the quotient rule (which often repeated part (b))
writing the  term in  as  so that the chain rule could be implemented
after finding , removing negative indices and showing evidence of a common denominator
i.e. 
It is worth noting that much like in part (b), there were many possible algebraic paths available for students to reach the desired result. Some of the less successful approaches will be discussed on the next page
used a concise well executed approach to determine the -coordinate of the inflection point in part (c)(ii). Some common steps (often implemented in different orders) were:
setting , and remove the denominator
replacing the hyperbolic functions with the equivalent functions containing exponentials
isolating a single exponential term in the resulting equation (most commonly ) through steps such as expansion, grouping like terms, and factorising
addressing the  (or equivalent) in the index of  through square rooting both sides or through using log laws to reach the answer in the desired form.
The less successful responses commonly:
differentiated  as  in part (b) and part (c)(i), treating it as a regular trigonometric function rather than relying on the rules given in Table 2 and Table 4
relied on a written explanation in part (b) rather than an algebraic approach
assumed that  in part (b), rather than show it algebraically. This rule was not given or known; hence the burden of proof was for students to show this by replacing the hyperbolic functions with their exponential equivalents and perform the necessary algebra
It is worth noting that if a student replaced  with the exponential equivalent at the beginning of this question, a similar complex step was required to achieve the given result. When a student reached the line  at least one line was required to show the given answer, for example 
chose algebraic methods that increased the complexity required to reach the desired result in part (c)(i). For example, after finding  some students placed the functions on a common denominator before finding . This hence required the use of the quotient rule when finding  
did not replace the hyperbolic functions with the equivalent functions containing exponentials in part (c)(ii). Although this made the final few marks of this question inaccessible to some students, the graph in part (a) provided an opportunity to identify this as a viable approach
implemented incorrect log laws in part (c)(ii) or made algebraic mistakes due to the questions complexity.
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