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Abstract 

Many concerns have been expressed that students’ basic mathematical skills have deteriorated 

during the 1990s and there has been disquiet that current A-level grading does not distinguish 

adequately between the more able students.  This study reports the author’s experiences of 

teaching maths to large classes of first-year engineering students and aims to enhance 

understanding of levels of mathematical competence in more recent years.  Over the last four 

years, the classes have consisted of a very large proportion of highly qualified students – about 

91% of them had at least grade B in A-level Mathematics.  With a small group of students 

having followed a non-traditional route to university (no A-level maths) and another group 

having benefitted through taking A-level Further Mathematics at school, the classes have 

contained a very wide range of mathematical backgrounds.  Despite the introductory maths 

course at university involving mainly repetition of A-level material, students’ marks were spread 

over a very wide range – for example, A-level Mathematics grade B students have scored across 

the range 16 – 97%.  Analytical integration is the topic which produced the largest variation in 

performance across the class but, in contrast, the A-level students generally performed well in 

differentiation.  Initial analysis suggests some stability in recent years in the mathematical 

proficiency of students with a particular A-level Mathematics grade.  Allowing choice of 

applied maths modules as part of the A-level maths qualification increases the variety of 

students’ mathematical backgrounds and their selection from mechanics, statistics or decision 

maths is not clear from the final qualification. 

Introduction 

Traditionally, students studying for an engineering degree at a UK university will enter 

university directly from school where they will have studied three subjects (A-levels) in their 

final two years.  These subjects often include mathematics and physics.  Our university selects 

students prior to enrolment on their degree programme by considering their A-level grades 

against published thresholds. 

The current system of grading A-level mathematics has been criticised for failing to permit 

effective differentiation between the more able students (MEI, 2012).  For example, 49% of A-

level Mathematics students in Summer 2013 were awarded either grade A or A* (CCEA exam 

board).  Suggestions for improving this situation include making exam questions less structured 

and predictable to encourage development of problem-solving and other transferable 

mathematical skills, restricting resitting of individual modules, and reducing the weighting of 

AS modules compared to A2 modules (MEI, 2012). 

Furthermore, a decline, throughout the UK, in students’ basic mathematical skills during the 

1990s has been described with deficiencies in numerical and algebraic manipulation and 

simplification, in particular, being evident (Hawkes and Savage, 2000).  Diagnostic tests showed 

that students entering university in 2001 with a certain A-level Mathematics grade had lower 

levels of competency in basic mathematical skills than students who attained a much lower A-

level Mathematics grade ten years earlier (Lawson, 2003).  Changes in the A-level maths 



syllabus and the move to a modular structure, making revision easier, were offered as 

explanations for this pattern (Todd, 2001). 

The current author began teaching mathematics to first-year engineering undergraduates in 

2002.  This paper reports some observations gained since then with the aim of improving 

understanding of A-level maths grading, in terms of what can be expected of students, in recent 

years. 

First-year maths – topics and students 

Two courses, Mathematics 1 in the first semester and Further Mathematics 1 in the second 

semester, represent the maths teaching (20 CATS points in total) for first-year aerospace and 

mechanical engineering students in Queen’s University Belfast.  First-year maths had been 

redesigned for the 2001/02 academic year with a new syllabus implemented as previous exam 

results had been disappointing and changes to A-level mathematics were occurring.  Since then, 

some minor adjustments have been made to Mathematics 1 while the Further Mathematics 1 

syllabus has remained largely unchanged apart from being supplemented by the topic of Laplace 

transforms, previously taught in second year, in 2012/13. 

Thus, Mathematics 1 currently involves mainly a repetition of A-level topics – logarithms, 

polynomial equations, trigonometry, complex numbers, differentiation and integration – 

although effort has been made to demonstrate engineering applications.  Further Mathematics 1 

covers differential equations, matrices, vectors, Laplace transforms and descriptive statistics.  It 

is aimed to develop skills in the basics (eg, applying methods for solving differential equations, 

matrix operations, calculating vector products) in a range of topics and to enhance students’ 

confidence in their mathematical ability. 

Figure 1 shows the A-level Mathematics qualifications of the first-year mechanical engineering 

classes over the last 11 years.  (The small number of international students has been omitted 

when calculating the proportions.)  An opportunity for lesser-qualified students to do a 

preparatory year before joining first year of the degree programme was removed in 2010/11.  

Furthermore, with the degree becoming increasingly popular in recent years, the A-level 

entrance qualification requirements have increased. 

 

Figure 1.  Proportions of the first-year mechanical engineering classes having certain A-level 

Mathematics grades. 



These factors have ensured that classes over the last four years have consisted of a very large 

proportion of highly qualified students (about 91% of the class had at least grade B in A-level 

Mathematics) plus a small group (about 5%) who did not study A-levels but followed a non-

traditional, alternative route to university (eg, BTEC National Diploma). 

Student performance in introductory maths course 

The author has been responsible for the introductory course, Mathematics 1, since 2010/11.  The 

class size has increased from about 145 to 200 students over this period.  In addition to the small 

group who did not study A-level maths, another small group (about 5% of the class) has 

benefitted through taking the more advanced A-level Further Mathematics at school.  This 

means that, overall, a very wide range of mathematical backgrounds exists within the class. 

Figure 2 illustrates a moderate correlation between A-level Mathematics grade and performance 

in Mathematics 1.  However, it is surprising that, despite this course being largely a repeat of A-

level material, students’ marks were spread over a very wide range (for example, 16 – 92% for 

grade B students, 41 – 93% for grade A students in 2012/13).  Some allowance can be made for 

a few students not being fully engaged, perhaps regretting their choice of degree programme. 

 

Figure 2.  Students’ marks in Mathematics 1 in 2012/13 compared with their A-level 

Mathematics grade. 

As expected, grade A* students and those with A-level Further Maths performed very strongly 

across all topics.  Only one exam question in the last four years gave difficulty to this group – 

use of integration to calculate the centre of mass of a lamina.  The grade A students generally 

performed strongly across all topics but lagged noticeably behind the grade A* students in 

analytical integration.  This topic and complex numbers proved most difficult for the grade B 

students who lagged noticeably behind the grade A students in these areas.  In contrast, there 

was little difference between grades A and B students in numerical integration (Simpson’s rule) 

and in trigonometry. 

Thus, it was very clear that the topic which produced the largest variation in performance across 

the class was analytical methods of integration.  Some students with good grades in A-level 

mathematics have not mastered certain integration techniques and there is sometimes confusion 

N/A             C         B         A        A* 



in taking a rule for differentiating (product rule) and applying it to an integration problem.  It 

was apparent that the A-level students generally performed well in topics in differentiation and 

there was little variation in this area between students with different A-level grades.  Solving 

triangles and manipulating polynomials were the other topics where there was relatively uniform 

performance across the A-level group.  However, experience suggests that, for most students, 

some revision of A-level material is necessary and beneficial within first year at university. 

In general, students with no A-level maths lagged well behind the rest and performed poorly 

across most topics.  They struggled even with some of the less analytical aspects of calculus 

(Simpson’s rule, finding the stationary points of a cubic function) and their strongest topics were 

solving triangles and polynomial equations. 

Variation in mathematical ability over time 

An investigation of first-year mechanical engineering students from 2007 and 2013 involved 

comparing their performance in identical exam questions in differential equations, matrices and 

vectors.  Thus, with students being required to develop their solutions via a more lengthy 

analysis, this study has an advantage over diagnostic testing restricted to more basic skills 

(Todd, 2001).  No significant differences in mean marks achieved in the questions by 

corresponding grade A and grade B students in the two years were observed.  This suggests 

some stability in recent years in the mathematical competence of first-year engineering students 

with a particular A-level Mathematics grade.  Moreover, for a particular year, grade A students 

generally performed significantly better than grade B students in the questions with the degree 

of significance being greater in differential equations and vectors compared to matrices.  This 

might be expected given that less analytical processing was required in the latter topic. 

A-level mathematics module choice 

Interpretation of A-level maths grades is also complicated by the variety of modules available.  

The A-level Mathematics qualification is based on a compulsory set of pure maths modules 

(representing two-thirds of the qualification) and a selection of applied maths modules which 

cover mechanics, statistics and (sometimes) decision maths.  This permits up to six different 

combinations of applied modules and, therefore, two students could have an A-level maths 

qualification, with the same grade, but have studied different topics.  In an extreme example, a 

student could begin an engineering degree course having the required A-level maths 

qualification, but without having studied mechanics during A-level maths at school.  In 

highlighting this issue, Hawkes and Savage (2000) noted that the choice of statistics in 

preference to mechanics provides much less reinforcement of the pure maths.  Figure 3 indicates 

the relative popularity of particular module combinations for all students following the Edexcel 

exam board in 2006, demonstrating that a mixture of mechanics and statistics was most popular 

while uptake of decision maths was relatively rare. 

A combination of mechanics and statistics was strongly the most common choice of optional 

modules in A-level maths for aerospace and mechanical engineering students in our university, 

meaning that only about one quarter of the class had studied mechanics beyond the basic module 

within school maths.  Interestingly, an analysis of student performance in two core, first-year 

engineering courses, which build on a mechanics foundation, indicated that any benefits for 

students who studied the extra mechanics at school were small (Cole, 2014). 

 



 

Figure 3.  A-level Mathematics module combinations, Edexcel exam board, 2006 (QCA, 2007). 

D – decision maths, M – mechanics, S – statistics 

Conclusions 

This paper has reported experiences of teaching mathematics to first-year engineering 

undergraduates in order to improve understanding of A-level maths grading and what can be 

expected of students in terms of mathematical knowledge.  A student’s grade in A-level 

Mathematics was not a good predictor of performance in an introductory maths course, even 

though this course involved largely a repeat of A-level material – for example, grade B students 

scored across the range 16 – 92% in the introductory course in 2012/13.  For most students, 

some revision of A-level material is necessary and beneficial.  The topic which produced the 

largest variation in performance across the class was analytical methods of integration.  In 

contrast, the A-level students generally performed well in topics in differentiation and there was 

little variation in this area between students with different A-level grades.  A comparison of 

student performance in identical exam questions in 2007 and 2013 suggests some stability in 

recent years in the mathematical competence of students with a particular A-level Mathematics 

grade.  The opportunity to select modules in applied maths as part of the A-level maths 

qualification hinders understanding of students’ mathematical backgrounds – alongside the pure 

core, a student can study mechanics, statistics or decision maths, or some combination of these, 

but their choice is not apparent from their final qualification. 
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