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Executive Summary 
The body of engineering students has been diversifying to such an extent that it has been raising new 
challenges, both for the students and for educators. This scoping project has been an important stock-taking 
exercise, reinforcing the links among mathematics and engineering educators and enabling us for the first time 
to form a picture of a rapidly changing landscape. Our study has been informed by a literature review, a survey 
questionnaire, on-site visits, and a one-day workshop. 

Compared to 20 years ago, there is now much wider variability among incoming students in the level of 
mathematical competence. Mathematics educators have been trialling and adopting a variety of strategies to 
engage the students and to help them succeed. However, these adaptations have been made at the local level, 
with very little oversight and coordination at the national level. 

The first adaptations have been structural, including various forms of additional developmental courses, 
streaming, and drop-in tutorial centres. Computer-aided assessment tools have helped to provide formative 
diagnostic assessment to large classes. Some mathematical software is used more universally than we had 
anticipated, giving scope for centralised development of teaching materials. 

In order to accommodate topics in professional practice, the number of mathematics subjects has been 
reduced. This has necessitated the removal of some mathematics topics from the compulsory part of the 
curriculum but there is widespread disagreement on which topics should have the lowest priority. Compared to 
20 years ago, it is now less likely for a 4-year BE graduate to be extensively trained in mathematics. The niche 
for mathematically strong engineers is being populated by a relatively small number of double degree students. 
These students are important as they make a significant contribution to Australia’s mathematical capability. 

There is widespread agreement that engineers need some mathematics in their training. With goodwill between 
the disciplines and some coordinated developments, we believe that engineering mathematics can be made 
more appealing. This could include more reference to engineering contexts in mathematics lectures. 

After analysing our findings, we make recommendations on measures to cap the broadening diversity, to better 
manage the mathematical education of the current student group, to promote better collaboration between 
the disciplines, to provide a pathway to produce a minor stream of mathematically well qualified BE graduates 
and to provide a better service to meet the professional needs of the students. 

The project provides an excellent model for future collaboration between mathematics educators and other 
disciplines. We would identify the mathematics education of biological scientists and teachers as priorities.
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Recommendations
Recommendation 1: assumed knowledge

That engineering programs should continue to state that students will be assumed to 
have knowledge of material covered in Year 12 Intermediate Mathematics, including some 
calculus. For those students entering without that knowledge, an additional developmental 
subject must precede the normal mathematics subjects.

Recommendation 2: designated quantitative stream

That in 4‑year BE programs with a first‑year intake of 140 or more, 15% or more of the 
places be reserved for a designated quantitative stream in which students must take at least 
5 subjects of mathematics, statistics, theoretical computer science, quantitative finance and 
theoretical physics.

Recommendation 3: statistics and stochastic modelling

That a single one‑semester optional subject in statistics and stochastic modelling be made 
available to all engineering students who have completed three mathematics courses, if not 
already included in the syllabus.

Recommendation 4: joint mathematics curriculum committees

That every engineering program has a joint mathematics curriculum committee that is 
responsible for determining mathematical topics to be covered. The committee should meet 
at least twice per year and it should have representatives from engineering, mathematics 
and statistics departments, as well as two students who have recently completed some 
engineering mathematics subjects.

Recommendation 5: collaborative teaching

That universities modify their internal financial allocation system so that no budgetary unit 
is penalised for taking part in genuine multidisciplinary collaborative teaching.

Recommendation 6: engineering mathematics staff expertise 

That mathematics departments in BE or ME‑awarding institutions should identify which of 
their staff, if any, have knowledge of engineering applications. If this expertise is lacking, 
some future academic job advertisements should say that ability to teach mathematics in 
engineering contexts would be an advantage.

Recommendation 7: on‑line formative assessment

That mathematics departments, assisted by the Australian Mathematical Sciences Institute 
and Australian Association for Engineering Education, investigate the introduction of 
automated systems of test generation, automatic marking and feedback, so that they can 
run compulsory on‑line quizzes during semesters for large engineering mathematics classes. 

Recommendation 8: collaborative item bank

That engineering and mathematics teaching departments collaborate to provide a central 
bank of good examples of formative test questions, computer laboratory projects and 
curriculum resources.
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Recommendation 9: student help centres

That Engineering Faculties designate at least 4 common hours per week of class free time 
spread over 3 or more days and that servicing mathematics departments provide staff or 
senior students in student help centres at those times. 

Recommendation 10: boosting senior secondary school mathematics

That able students be more strongly encouraged to progress to subjects comparable to 
Intermediate Year 12 Mathematics of New South Wales and Victoria. 
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The landscape of Australian engineering mathematics 
education has been changing markedly. In response to new 
demands of the engineering profession and a diversifying 
student intake, many universities have independently been 
redesigning their curriculum, pedagogical strategy and 
assessment methods in mathematics subjects for engineers. 
Most Australian universities’ mathematics and engineering 
departments face similar challenges of meeting the changing 
demands of engineering mathematics education but they 
tend to work independently to develop individual strategies. 
This scoping project includes a timely national review of 
mathematics teaching and learning strategies for engineering 
students. It is hoped that by reporting on many initiatives 
developed in isolation at individual universities, we will 
encourage a more open dialogue, better informing educators 
so that they may identify good practice. This will initiate a 
more concerted nationwide effort to improve education 
practice in this critical subject.

The Carrick Institute for Learning and Teaching in Higher 
Education Discipline Based Initiatives Scheme (DBI) has funded 
a scoping project to examine mathematics education for 21st 
century engineering students. The project has been coordinated 
by the Australian Mathematical Sciences Institute (AMSI). Having 
27 member universities as well as support facilities including 

Background
We felt it necessary to conduct this project because 
experiences in some of our member universities had led us to 
some prior conceptions of serious challenges in engineering 
mathematics education, yet we didn’t have the full picture of 
national trends, norms and variability of current practices. 

Engineering, like many other professions, has evolved 
significantly in the past couple of decades and is constantly 
changing to meet the needs of society. The engineering 
curriculum is adapting to provide students with an adequate 
foundation to enter the profession. Over the same period 
the student body has also changed significantly with an 
increase in the overall proportion of the population attending 
university, an increase in the number of international students 
and an increasing number of students in paid employment 
(Dobson, 2007). Engineering students need mathematical 
education but their backgrounds, abilities and attitudes vary 
widely. Mathematics and statistics educators are attempting to 
engage an increasingly diverse student body. 

Engineering is perhaps the most important profession for the 
mathematics discipline. New developments in engineering have 
stimulated fruitful areas of mathematics research (constrained 
dynamics, control theory, signal processing and queuing theory 
are a few examples). Engineering students are the single largest 
client group of university mathematics departments. The 
welfare of many mathematics departments depends on their 
ability to understand and respond to the needs of engineering 
education. However, there are widely varying opinions on 
the adequacy of past and present curricular and education 
practices in engineering mathematics.

Mathematics for 21st Century Engineering Students

library access provided by the University of Melbourne, AMSI is 
ideally placed for such an exercise. In addition, the project team 
has made use of a national network of 12 Access Grid Rooms 
originally set up with the support of the Australian Centre of 
Excellence for Education in Mathematics, managed by AMSI. 

To inform this report, we have completed

an extensive literature review of mathematics learning •	
and teaching practice for engineers,
analysis of a questionnaire survey on student •	
demographics, curriculum content, education practices 
and organisation, answered by the great majority of 
engineering degree-awarding institutions,
site visits to a large number of engineering and •	
mathematics departments in Australia plus a small 
number in UK and USA,
a one-day workshop in which enthusiastic teachers of •	
engineering mathematics were able to explain their 
approaches, connected to many participants through 16 
access grid rooms distributed around the country and 
internationally, and
many informative discussions with interested educators •	
from the disciplines of engineering and mathematics.

The Carrick Discipline-Based Initiative on Engineering 
Education, run concurrently in 2007, broadened its purview 
to cover Supply and Quality of Engineering Graduates for 
the New Century (Australian Council of Engineering Deans, 
2008). Late in 2006, there was released a report of the 
national review of mathematical sciences in Australia (National 
Committee for the Mathematical Sciences of the Australian 
Academy of Science, 2006). These two reviews already provide 
much information on the broader context of mathematics 
and engineering education in Australia. This allows us to 
concentrate more on the important issues of learning and 
teaching practices. 

This project may prove to be important for mathematics 
service teaching even outside the client group of engineering. 
Mathematical developments lie at the heart of recent advances 
in biomedical science, commerce, and information technology. 
In this regard, engineering may be viewed as representative of 
a rapidly evolving technological discipline with a diversifying 
student body. Similar issues face mathematics educators when 
they work with students from many other disciplines.

1. Initiative Description
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2.1 Advisory Committee
The Advisory Committee comprises approximately equal 
representation from both the engineering and mathematics 
disciplines. There are representatives from 15 Australian 
Universities (from all states), the Defence Science and 
Technology Organisation (DSTO), Engineers Australia (EA) and 
the Australian Council of Engineering Deans (ACED). 

Karen Baker University of Melbourne
Alan Bradley Engineers Australia
Grant Cairns La Trobe University
Pietro Cerone Victoria University
Jim Denier University of Adelaide
Gary Fitz-Gerald RMIT University
Larry Forbes University of Tasmania
Sam Fragomeni Victoria University, ACED
Roger Hadgraft University of Melbourne, AAEE
David Ivers University of Sydney
Les Jennings University of Western Australia
Robin King University of Technology Sydney, ACED
Tim Langtry University of Technology Sydney
Mark Nelson University of Wollongong
Ian Porter University of Wollongong
Jacqui Ramagge Universities of Newcastle and Wollongong
Stephen Roberts Australian National University
Tony Roberts University of Queensland
Francis Rose DSTO
John Simmons University of Queensland
Patrick Tobin Swinburne University of Technology
James Trevelyan University of Western Australia
Lesley Ward University of South Australia

We are grateful also to Archie Johnston (University of Technology 
Sydney, ACED) and David Panton (University of South Australia) 
who were active members of the advisory committee for most of 
its existence but were later diverted to other tasks.

2.2 Literature Review
As a first step to identify current practice in the teaching and 
learning of mathematics to engineering students, an extensive 
literature review was undertaken. Members of the Advisory 
Committee were requested to bring to light any unusual or 
outstanding practice. This involved searching the proceedings 
from engineering and mathematical education conferences as 
well as educational journals, following their leads to crucial cited 
documents. The review included international current practice. 

A full literature review is available (Lopez, 2007). Here we 
summarise some salient points. The literature review found that 
many authors stress the importance of a solid mathematical 
education for engineers (Croft and Ward, 2001; Kent and 
Noss, 2000; Blockley and Woodman, 2003; Trevelyan, 2007). 
All mathematics is the ultimate form of logical rigour, helping 
to lay the foundation for good analytical and problem solving 
skills. While there is much debate about the content and 
amount of mathematics required for each engineering discipline 
there is little debate about the necessity of a foundation in 
mathematics. Kent and Noss (2002a, 2002b) have noted that 
some mathematical concepts have become so much embedded 
in engineering practice that engineers do not identify them as 
mathematics when using them in daily engineering practice, 
leading some to erroneously discount the importance of 
mathematics to professional engineering practice. 

Most papers on engineering mathematics education could be 
classified according to four topics; problem-based learning 
(PBL), the multi-disciplinary approach, computer based 
methods (CBMs) and strategies that specifically address 
student variability. Nirmalakhandan et al (2007) claim that the 
more students participate in their learning, the greater are 
their learning achievements. Active learning is “learning by 
doing” rather than the traditional lecture format. 

Advanced CBMs and PBL are most frequently claimed to be 
effective forms of active learning. Many authors reason that 
CBMs stimulate interest and enhance comprehension (e.g. 
Brenner et al, 2005, Mtenga and Spainhour, 2000, Naimark, 
2002 and Colgan, 2000). Nirmalakhandan et al (2007) and 
Duran et al (2007) give empirical evidence. Morgenroth 
et al (2002) also argue that CBMs help students enter the 
profession, as most industries are now reliant on computers. 

CBMs are often enhanced when used in conjunction with 
other innovative methods. They are argued to be particularly 
effective with a PBL approach (Duran et al, 2007). PBL is seen 
to be particularly effective in small groups; the PBL classroom 
environment mirrors many workplace situations (Smith et 
al, 2005). These findings do not however render traditional 
teaching methods redundant. Nirmalakhandan et al (2007) 
quantitatively show the effectiveness of integrating physical 
and computer models with the traditional theoretical model, 
showing that combinations of teaching methods help to tap 
into the different learning styles of students.

MATLAB is widely believed to be the most effective software 
in the teaching of mathematics to engineering students (Kent 
and Noss, 2000, Mtenga and Spainhour, 2000 and Waldvogel, 
2006). It is seen to be particularly effective due to its ease 
of use (data is input as a simple list) and its wide use in the 
engineering profession. MATHCAD and POLYMATH are also 
highly regarded for similar reasons (Brenner et al, 2005 and 
Morgenroth et al, 2002).

Avitabile et al (2005) showed that lateral integration of 
learning materials across subjects may be taken further to 
a vertical integration model, where material used in earlier 
subjects is revisited later, interweaving learning experiences 
and concluding with a final year project in dynamical systems. 

From the collection of literature, there emerges a view that the 
most effective engineering mathematics subjects are part of a 
well-designed engineering curriculum that enables students to 
understand the relevance and see the development of concepts 
over the entire course. It is crucial to address the increased 
student variability and to take into account differing learning 
styles. Easily accessible student support systems are also key to 
an effective engineering mathematics subject. 

2.3 Site Visits
Helping Engineers Learn Mathematics (HELM): this project in the 
United Kingdom was identified as an example of good practice 
by the literature review. P. Broadbridge visited Loughborough 
University to speak with HELM directors, to visit the Mathematics 
Education Centre and to view their teaching aids.

Broadbridge visited Duke University and the University of 
Deleware, also identified in the literature review as interesting 
centres of activity in engineering mathematics education. 

A number of Australian institutions were also visited by our 
team members, sometimes in conjunction with site visits by 
the committee for the other parallel DBI project on engineering 

2. Investigation Strategy
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education, and sometimes as follow-up to our questionnaire 
responses. These institutions included; the University of 
Western Australia, Murdoch University, Curtin University of 
Technology, University of Technology Sydney, the University 
of Wollongong, the University of Melbourne, RMIT University, 
Victoria University and La Trobe University. The findings will be 
synthesised with the responses to the questionnaire, below

2.4 Questionnaire
A questionnaire was designed to explore the themes identified 
by the Advisory Committee, partly guided by the literature 
review. The questionnaire was designed in a qualitative format 
in an attempt to prevent the conveyance of any preconceptions 
of common practice and in the hope of allowing institutions to 
highlight any interesting practices currently in use. 

Thirty-two universities were identified as offering Bachelor of 
Engineering degree programs. Appropriate representatives 
from both the mathematics staff and the engineering staff 
were identified and requested to complete the questionnaire 
or to redirect it to an appropriate nominee. The questionnaire 
was sent to both the Engineering Unit and the Mathematics 
Unit at the universities. 27 universities responded, including 
14 who provided responses from both disciplines. 

While we requested discussion of more advanced mathematical 
subjects traditionally taught by engineering staff, such as Signal 
Processing and Control Systems, the majority of respondents 
referred only to the subjects taught by mathematics staff.

2.5 National Symposium
A National Symposium on Mathematics Education for 21st 

Century Engineering Students (www.amsi.org.au/Carrick_

seminar.php) was held on 7th December 2007, in conjunction 
with the Annual Conference of the Australian Association of 
Engineering Education (AAEE). The symposium took place 
at RMIT Access Grid Room (AGR), linked to several external 
groups in other states and internationally. 

2.6 Terminology
Different institutions use different terms. To avoid confusion on 
administrative entities and components of instruction, terms 
used in this report have the following meaning:

Mathematics/Statistics Department: an academic unit 
whose chief responsibility is the teaching of mathematics and/
or statistics. This may be a team within a school or faculty.

Engineering Department: an academic unit whose chief 
responsibility is the teaching of one or more specialisations of 
engineering. This may be a team within a school or faculty.

Subject: a study of a particular set of topics usually over a 
period of 12 to 14 weeks which is assessed as an individual 
element within a degree program

Mathematics Subject: a subject that contains at least 50% 
mathematics or statistics content. 

Engineering Degree Program: the complete 3 to 4 year 
study program majoring in any type of engineering discipline or 
specialisation.

Engineering Students: students undertaking an 
undergraduate engineering degree program

Class: any period of time in which students are taught in 
timetabled groups. 

3. Stakeholders
The peak representative body of senior engineering 
academics is The Australian Council of Engineering Deans 
(ACED). That body was supportive of our project from the 
outset, even hosting our first steering committee meeting 
prior to submitting the proposal. Our steering committee 
has always included two or three present or past Deans of 
Engineering. ACED was simultaneously funded by the DBI 
program to conduct its own separate project on engineering 
education. Broadbridge was a member of the steering 
committee for that project, taking part in some of our 
joint site visits to Engineering Faculties. Its project director 
was a member of our steering committee. We are grateful 
for having pre-release access to the ACED-commissioned 
report, “Addressing the Supply and Quality of Engineering 
Graduates for the New Century”. 

The main professional association to promote engineering 
education is the Australasian Association for Engineering 

Education (AAEE). The President of AAEE was an active 
member of our steering committee. 

The most prominent professional body is Engineers Australia. This 
body was represented on our advisory committee by its Associate 
Director (Accreditation). The project leadership team included two 
other engineering professors and a chief materials scientist based 
at The Defence Science and Technology Organisation (DSTO). 

Our steering and advisory committees included several 
representatives of university mathematics departments. All 
states were represented.

The effectiveness of any education program can be gauged by 
the learning outcomes and degree of satisfaction of students. 
The study made use of student surveys on course effectiveness 
that had already been administered by the departments. On 
some joint site visits, arrangements were made to meet with 
student focus groups. 

4. Investigation Report
4.1 Students: Who Studies Engineering? 
There have been many changes to the student body over 
the past 20 years, with an increase in the overall number of 
students attending university, an increase in international 
students, an increase in the number of women studying at 
university and an increase in the number of students working 
while studying. This is coupled with an overall change in 
expectations of students. In an environment of centrally 
allocated quotas for government funded students places, 
increasing Higher Education Contribution Scheme (HECS) 

fees and widening participation, universities are competing to 
attract students who are becoming discerning consumers, now 
expecting the university as service provider, to fully prepare 
them for their chosen profession. 

Widening participation and the need for more students to fill 
more places has led, in many cases to the lowering of entry 
prerequisites for courses. The increase in number of international 
students and increasing mobility of students between states has 
led to an increase in the variation of academic backgrounds of 
students entering each university. There have also been changes 
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Figure 1: Categorised Questionnaire responses to: 3.2 Have you noticed any particular changes in the demographics of 
engineering students in the past 10 years?

to Australian secondary school curriculum that have impacted on 
the assumed knowledge on entry into first year subjects. 

4.1.1 Demographics 
When asked about the changing demographics of engineering 
students over the past 10 years, many questionnaire 
respondents identified an increase in international students 
(15/27 institutions). Respondents also identified a greater 
number of students entering via non-traditional pathways. 

A couple of respondents identified an increased number 
of students in paid employment and an increase in female 
students. Many identified an increase in the number of 
students with lower mathematical preparation or ability. 
Comment was also made about the changing expectations 
of students and the move to the student as consumer, taking 
a more active interest in ensuring that expectations are met. 
Eleven respondents stated that they had noticed no change.

International students 
Total higher education student enrolments have increased by 
almost 17% from 2001 to 2006. However, the increase in 
the number of domestic students has been relatively modest 
at approximately 7%, while the number of international 
students increased by almost 60% in the same period.  

From 2001 the proportion of international students studying 
at Australian universities increased from approximately 19% 
to approximately 25%. (Department of Education Science and 
Training, 2007).
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This large increase in international students has also been seen 
in engineering degree programs. Although the number of 
students commencing engineering degree programs increased 
by just over 40% from 1994 to 2004, the number of domestic 
students studying engineering remained stagnant with only 
a slight increase in numbers. In the same period the number 
of international students commencing engineering degree 
programs more than quadrupled. Figure 2 shows that in 
1994 the proportion of international students commencing 
engineering degree programs was approximately 11%. By 2004 
this had risen to just over 35% (Engineers Australia, 2006a). 

Gender
In the past 30 years the number of women attending university 
and studying science has increased rapidly. Overall, women now 
outnumber men in Australian higher education. The proportion 
of all female students has remained at around 55% since 1996 
(Australian Vice-Chancellor’s Committee, 2005).

While this greater proportion of women is also seen in 
science degree programs, women are still in the minority in 
engineering degree programs. The new enrolment of women 
between 1994 and 2004 in engineering degree programs has 
fluctuated around 14%, peaking at 15.7% in 2001.

This lack of female representation may also be seen when 
looking at numbers of women in the engineering profession. 
Estimates by Engineers Australia (2006a) using ABS Census 
data show that women make up less than 10% of the 
engineering profession. 

Type of Attendance 
Overall student attendance hasn’t changed dramatically in the 
past 10 years. The proportion of students attending full-time 
has fluctuated around 59% with a peak of 63% in 2001. 
The proportion of students attending part-time has reduced 
from nearly 28% in 1996 to just over 21% in 2003. In the 
same period the proportion of students attending externally 
has increased from just over 13% to 15% and the proportion 
of those enrolled by multi-modal attendance had increased 
to just under 5% in 2003 (Australian Vice-Chancellor’s 
Committee, 2005).

However, there appears be a degree of discipline-specific 
variation in type of attendance, for example, science students 
are more likely to attend internally and full-time than students 
overall. In 2005 nearly 89% of natural and physical science 
students attended internally and nearly 80% full time 
(Dobson, 2007). Statistics could not be sourced specifically for 
engineering students.

Paid Employment
In 2006 three-quarters of all Australian students were 
undertaking some form of paid work throughout the whole 
semester. There has been a slight drop in the proportion of 
undergraduate students in this category. In 2006, 70.6% of 
full-time undergraduate students reported that they were 
in paid employment, compared to 72.5% reported in 2000. 
Likewise with part-time undergraduate students, 79.6% 
reported undertaking paid work in 2006, compared to 87.2% 
in 2000. However the proportion of full-time undergraduates 
in employment at some stage during the year rose from 
78.1% in 2000 to 85.1% in 2006. Overall the number of 
undergraduate students in paid employment rose from 80.6% 
in 2000 to 85.5% in 2006 (James et al, 2007).

In 2006 full-time undergraduate students were most likely 
to be in casual employment (71.2%), but 5.3% reported 

working full time, while studying full-time. The majority 
of part-time undergraduate students were in full-time 
employment (57.0%). The majority of undergraduate 
students work at one workplace each week, but it should be 
noted that 17.3% of full-time undergraduates and 11.3% 
of part-time undergraduates reported working in two work 
places each week, while 2.7% of full-time undergraduates 
reported working at three or more workplaces per week 
(James et al, 2007). 

The mean number of hours worked per week during semester 
for full-time undergraduate students in 2006 was 14.8 hours 
(with a median of 13 hours), while the mean number of hours 
worked per semester for part-time undergraduate students 
was 32.7 hours (with a median of 38 hours) (James et al, 
2007). When asked about the impact of paid employment 
on their studies, many students reported an adverse effect. 
40.2% of full-time undergraduate students and 55.3% 
of part-time undergraduate students reported my work 
commitments adversely affect my performance in university 
(James et al, 2007).

Changing Expectations of Students
Over the past 50 years there has been a change in the 
proportion of the population attending university and in 
students’ expectations as to what they will gain from their 
university education. In the 1960s only about 5% of school 
leavers went to university. Typically these students did not 
pay fees, did not work to support themselves and studied full 
time. This proportion has steadily increased since the 1960s. 
The reasons students choose to enter tertiary study also 
appear to have changed. Generation X (born 1960-1984) saw 
an increasing emphasis on personal wealth and achievement, 
and seemingly there is a growing number of students who 
study to further their career, rather than for pure intellectual 
enjoyment (McCrindle, 2007). With the introduction of HECS 
in 1989 Generation X students have typically accrued large 
HECS debts. 

Generation Y (born 1984-1995) school leavers entering 
tertiary education do so with 30-40% of their peers, pay 
HECS, over 70% of students work during semester, and have 
the option of flexible study, meaning degree programs can 
take a number of years to complete. This is coupled with 
increased diversity of students, with female students, and an 
increase in full fee paying international students. Changes 
to university financing have also led to competition between 
universities for students.

These changes to tertiary education have put students in a 
position to demand more from their university education 
(Department of Education Science and Training, 2002). 
Anecdotally it has been commented that students acting as 
“consumers” demand accessible course material, want to 
know the relevance of all they are taught and expect to be job 
ready on leaving university. 

4.1.2 Academic Backgrounds
In response to the question, “Have there been changes to 
the academic backgrounds of students entering engineering 
degree programs?”, most universities stated a decline in 
mathematical preparation. However three universities stated 
that no dramatic changes had been noticed. 

Many respondents to the questionnaire attributed the decline 
in mathematical ability to a lowering of entry standards to 
engineering degree programs; the majority of universities have 
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Figure 3: Categorised Questionnaire responses to: 3.1 Have there been any changes to the academic backgrounds of students entering 
engineering degree programs, including the effects of changes to high school mathematics and widening university participation?

removed the higher level secondary school mathematics 
prerequisite. Many universities also now offer alternative 
entry routes through TAFE and Foundation Year studies; these 
students were also identified as less mathematically prepared 
or able in general. Concern was also expressed by a number 
of respondents about changes to the secondary school 
mathematics and science syllabus and differences in syllabus 
between states, with particular concern about the standard 
of intermediate mathematics from secondary education in 
Queensland. Worryingly these concerns are supported by the 
findings of Barrington and Brown (2005), Barrington (2006), 
Barry and Chapman (2007), Belward et al (2005), Mullamphy 
et al (2007) and Engineers Australia (2007).

One respondent felt that mathematically and scientifically well 
prepared students were still coming from secondary school, 
but fewer are attracted to science or engineering programs. 
Further, he expressed a need for this problem to be addressed. 

School Mathematics
A Senate Committee Report (2007) found: “There are some 
serious concerns about mathematics curriculum and syllabus 
standards in some states. It appears on the basis of evidence 
available that standards are declining in this subject, compared 
to other subjects, including English. The problems are at both 
the bottom of the school and the top: the failure to instil the 
required level of ‘numeracy’ in the primary school years; and 
the failure to encourage the required degree of rigour in a 
larger proportion of students in the senior secondary years.” 
Wilson and MacGillivray (2007) found that some students, 
with a senior algebra and calculus-based background need 
help with some basic mathematics, particularly in unfamiliar or 
multi-step situations. This further reiterates the importance of 
pre-senior mathematics to the consolidation of mathematical 
knowledge in senior years. 

On top of the (perceived) decline in standards of school 
mathematics, Barrington and Brown (2005) found enormous 
variation in the Year 12 mathematics subjects between the 
states in Australia. Subjects vary in “their philosophy, in the 
mathematics covered, in the use of graphics calculators, and 
in their assessment. The differences are so great that no two 

states’ intermediate mathematics subjects could be described 
as equivalent” (Barrington and Brown 2005). As tertiary first 
year mathematics courses usually assume the secondary school 
curriculum knowledge of the state in which they are based, 
students moving between states will find a mismatch between 
the mathematics they have learnt at secondary school and the 
assumed knowledge for their first year mathematics subjects. 

Year 12 Enrolments in Engineering Enabling Subjects
Students wishing to enter an engineering degree program 
generally require Higher School Certificate, or equivalent, 
English, Mathematics, Physics and Chemistry. Engineers 
Australia (2006a) presented the data in figure 4 collected by 
the Department of Education Science and Training: 
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Figure 4: Shares of Year 12 Students Studying Engineering 
Enabling Subjects (Engineers Australia, 2006a)

The base line for these proportions has been taken as the 
number of students studying English. It may be seen that the 
trend in physics and chemistry enrolments is a concern for 
future enrolments in engineering degree programs. While the 
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figures on mathematics enrolments may appear encouraging, 
it is important to remember that the level of study within the 
discipline is not evident. Barrington (2006) shows that counting 
enrolments can be misleading for two main reasons. Firstly, 
students enrolled in advanced, intermediate and elementary 
subject categories are not mutually exclusive. Secondly, 
procedures for enrolling students in mathematics subjects 
vary from state to state and over time, which can also lead to 
double counting of enrolments. These mathematics enrolments 
are considered in more detail below.

Participation in Year 12 Mathematics
While overall mathematics enrolments for Year 12 students 
appear to be healthy and to have increased slightly between 
1995 and 2004, Barrington’s (2006) statistics, displayed in 
Figure 5, show the total percentage of Year 12 students taking 
mathematics subjects, broken down to show the percentages 
of these taking advanced, intermediate and elementary 
mathematics subjects. 

It may be seen from figure 5 that the majority of students 
are taking elementary mathematics subjects and the number 
of students taking intermediate and advanced mathematics 
subjects is steadily declining. 

The National Committee for the Mathematical Sciences of 
the Australian Academy of Science (2006) further highlights 
the decline in school mathematics through international 
comparison. Although Australian school students achieve 
better than the international average in mathematics subjects 
at school, the spread across achievement levels is too wide. 
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Figure 5: Year 12 Mathematics Students as Percentages of 
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A comparison of Australian Year 8 students against averages 
of the top five countries shows that there is “extensive 
underachievement and small numbers reaching advanced 
levels” (National Committee for the Mathematical Sciences 
of the Australian Academy of Science, 2006). This poor 
preparation in lower years affects the number of students 
capable of studying intermediate and advanced level 
mathematics subjects in Year 12.
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Figure 6: Categorised Questionnaire responses to 2.3 What challenges has your department faced in the teaching and learning of 
mathematics and statistics to engineering students in the last 5 years?

4.2 Challenges in Learning and Teaching 
Lopez (2007) found a large body of research highlighting the need for educators of engineers to adapt to the changing nature of 
both the engineering profession and the student population in the 21st Century. A more diversified student population requires 
a more comprehensive learning support system. Changing industry requirements have led to the inclusion of management and 
communication subjects in the engineering curriculum. There is much debate as to how these changes should be addressed. 
Institutions worldwide and within Australia are developing and implementing different adaptations.
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Most responding universities identified a decline in 
mathematical ability of entering engineering students, with 
a widening gap between skills and knowledge acquired at 
secondary school and assumed knowledge on entry to first 
year engineering mathematics. Many respondents cited this 
decline in mathematical ability as due to the lowering of 
entry standards – most universities have now dropped the 
higher level mathematics prerequisite which was previously 
standard for entry to engineering degree programs. The 
lowering of entry standards and increased number of 
international students has also led to the increased diversity 
of students’ mathematical backgrounds. One respondent 
from Queensland felt that there is an increased gap between 
the skills of those students with Intermediate Mathematics 
and those with Advanced Mathematics. Observing that 
students with both Intermediate and Advanced Mathematics 
appear to be less affected by the (perceived) decline in 
emphasis on mathematics skills in upper primary and lower 
secondary, believing that students entering with good results 
in these subjects are well prepared for first year mathematics. 
Other respondents discussed the reduction of mathematical 
content in the secondary school science curriculum and the 
effect of this on the reinforcing of students’ mathematical 
knowledge through other subjects. Several anecdotes 
recalled university students being surprised at the level of 
mathematics required for physics and chemistry. 

Respondents spoke of the difficulty of attempting to cater 
for the mathematical needs for all engineering disciplines 
in one subject and often the difficulty of reaching a shared 
understanding between the mathematics and engineering 
departments about what is to be included in the curriculum. 
This seems to particularly be the case in institutions where 
engineering is taught in a problem or project based learning 
environment. A couple of respondents indicated that all 
science and engineering students are taught together in first 
and sometimes second year and spoke of the difficulty of 
delivering coherent, relevant mathematics subjects to these 
students. Comment was also made about the difficulty of 
engaging the increasingly diverse student cohort and the 
changing expectations of students with the move to the 
student as consumer, taking a more active interest in ensuring 
that expectations are met and expecting to know immediately 
the relevance of everything that is taught. Compounding this, 
respondents also spoke of a reduction of mathematics subjects 
for engineering students to make way for new management and 
communication subjects, but with the engineering department 
expecting students to reach the same standard. The difficulty 
of teaching large classes with inadequate facilities was also 
mentioned by a couple of respondents. A challenge also 
identified is the lack of mathematics and statistics staff. One 
institution also spoke of the perceived threat of mathematics 
subjects being taken over by the engineering department. 
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Figure 7: Categorised questionnaire learning and teaching styles discussed in responses to 2.4 Have you introduced any new 
methods of teaching and learning?and 3.3 How has your department adapted to these [academic and demographic] changes?

4.3 New Methods of Learning and Teaching 
Many questionnaire respondents indicated that they felt that there was overlap between question 3.3 “How has your department 
adapted to these [academic and demographic backgrounds of students] changes?” and 2.4 “Have you introduced any new 
methods of teaching and learning?” as many of the new methods of teaching and learning have been introduced in response 
to the changing backgrounds of students. To avoid repetition the responses to question 3.3 relevant to teaching and learning 
methods will also be discussed in this section. 

Figures 7 and 8 show how responding universities answered questions 2.4 and 3.3. The black area shows those universities that 
identified the learning and teaching style in their answers to both questions 2.4 and 3.3, while the blue and grey areas indicate 
the number of universities that only identified the learning and teaching style in either question 2.4 or 3.3. 
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Figure 8: Categorised Questionnaire responses to 2.4 Have you introduced any new methods of teaching and learning? and 3.3 How 
has your department adapted to these [academic and demographic] changes?

4.3.1 Increased student support
Widening university participation, alternative entry routes, 
the increase in international students, changing expectations 
of students and changes to university funding have led to 
an increasing body of student focused research looking at 
attrition rates, learning styles of students and the effectiveness 
of student support. Internationally and in Australia there has 
been a significant extension of both academic and pastoral 
student support services offered in many universities.

Most institutions (15/27) identified an increase in the support 
offered to students. This increased support takes a variety 
of forms, with many institutions offering variations of peer 
assisted learning, often based on the supplemental instruction 
(SI) model developed in the USA. Some institutions operate 
mathematics learning centres, which are often manned during 
office hours, or for specified periods of time, by either staff or 
postgraduate students and can provide a variety of resources 
for students. At some institutions staff offer increased office 
hours to allow students to seek assistance. Extra tutorials are 
offered at some institutions, often being offered on a drop-in 
basis and for those students in need. 

Additional tutorials and increased staff office hours were 
regularly mentioned by respondents as methods used to 
address the changing needs of the student body. This 
additional support is offered in a variety of ways, ranging 
from targeted and restricted to low-achieving students to 
voluntary attendance, available to all.

Supplemental Instruction
Many institutions now offer some form of SI based on a 
model originally developed and introduced in 1973 at the 
University of Missouri-Kansas City [http://www.umkc.edu/
cad/si/]. SI is peer facilitated academic support for all students 
in units that have been identified as difficult by their high 
attrition rates. The sessions do not target high risk students, 
rather high risk subjects; sessions are available to all students 
and all can benefit from the program, avoiding the stigma 
of any ‘remedial’ label. SI usually consists of regular group 

sessions. The sessions are run by higher level students who 
have previously performed well in the particular subject. 
The sessions are informal, providing students with an 
opportunity to compare notes and work through problems. 
It has also been noted that the sessions develop students’ 
team working abilities, help students to take responsibility 
for their study and develop relationships with students in 
their courses (particularly relevant in Australia with so many 
students living off campus). Research has shown that the final 
examination marks of those students who attend the sessions 
on a regular basis are often significantly higher than those 
of non-attenders (Lewis, 2005). Attendance at SI sessions 
is voluntary, but highly recommended which can mean that 
“high risk” students (students the least likely to seek support) 
do not always benefit from SI.

A comprehensive meta-analysis of co-operative learning 
methods by Johnson et al (2000) consistently found that 
cooperative learning promotes higher achievement than 
competitive and individualistic learning, providing strong 
validation for its effectiveness. It has also been noted that 
higher level engineering students provide extra motivation to 
first and second year students in engineering mathematics as 
they are able to reiterate, from recent experience, the value 
of good mathematical foundations in more senior courses. 
While most Australian universities also employ some form 
of SI, it is not always offered for engineering mathematics 
subjects.

The University of Wollongong (UOW) operate Peer Assisted 
Study Sessions (PASS) [http://www.uow.edu.au/student/
services/pass/overview/index.html] for MATH010: Enabling 
Mathematics for Engineers and MATH141: Mathematics 1C 
Part 1. O’Brien (2006) analysed the effectiveness of PASS 
for MATH141 students, finding that it is predominantly the 
less mathematically prepared students who attend PASS 
sessions. Without adjusting for self-selection the effect of PASS 
attendance on final mark achieved is an average increase of 
6 marks, and 10 marks after adjusting for self-selection. In 
student feedback obtained in autumn 2007, 100% of the 73 
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students surveyed in the final PASS session of semester agreed 
with the statement “Participating in PASS sessions has improved 
my understanding of subject content” (De Hosson, 2007). 

The University of Western Sydney (UWS) also offer PASS for 
subject 300027.1 Engineering Computing (use of spreadsheets 
and implementing algorithms), compulsory for computer 
engineering students [http://www.uws.edu.au/students/ods/
lsu/pass]. The University of Technology Sydney (UTS) offer SI in 
the form of UTS Peer Assisted Study Success (U:PASS) [http://
www.ssu.uts.edu.au/peerlearning/] for Mathematical Modelling 
1 and Mathematical Modelling 2, both compulsory for the 
engineering degree program. 

RMIT operates various forms of Peer Assisted Learning 
Schemes (PALS), which take the form of: Peer Assistance in 
Chemical Engineering (PACE) which was initiated by students 
and commenced in 2005 for particularly difficult parts of a 
foundational subject; ‘Clinic’, a mentoring program for first 
year students in the School of Aerospace, Mechanical and 
Manufacturing Engineering (SAMME) in semesters one and 
two; the School of Electrical and Computer Engineering offers 
a mentoring program for EEET2246 Introduction to Engineering 
Computation (Algorithms and MATLAB programming); 
mentoring in this subject is to assist students who are 
technically focused and academically able to succeed in the shift 
towards independent learning. The mentoring program also 
aims to address social isolation, common in this student cohort.

At the University of Western Australia the Faculty of Engineering, 
Computing and Mathematics (ECM) offers one-on-one tutoring 
from trained senior Engineering undergraduates [http://www.
ecm.uwa.edu.au/for/students/1styreng/geng1004]. The peer 
tutors are available (by pre-booking) for 45 minutes a week in 
ECM workshops for engineering mathematics subjects MATH 
1010 Calculus and Linear Algebra and MATH1020 Calculus, 
Statistics and Probability.

Curtin University of Technology (CUT) offers learning 
enhancement clinics to first year students as part of the 
Engineering Foundation Year (EFY) [http://www.fac.eng.
curtin.edu.au/EFY/id1_EFY%20Features/Student%20
Support%2Ecfm]. Students may get academic assistance for 
all core units during business hours; tutors are either high 
achieving senior engineering students or staff members. 
Attendance is voluntary, informal and not monitored. Sessions 
are to help students who encounter a conceptual impasse and 
to engender self responsibility for study. 

Mathematics Support Centres

Mathematics Support Centres are available for students at 
many institutions. These usually provide drop-in assistance 
for students at designated hours Monday to Friday and most 
offer students the opportunity to book one-on-one sessions 
with a tutor for areas in which they are really struggling. 
These sessions tend to be available to fill in gaps in students’ 
assumed knowledge; they are not bridging sessions to tutor 
students who do not have the prerequisites for the subject. 

The University of Adelaide operates the Maths Drop-In Centre 
[http://www.adelaide.edu.au/clpd/maths/drop_in/], which 
provides free assistance to all students studying mathematics and 
statistics. The Centre is available by appointment from 10:00 am 
to 4:00 pm, Monday to Friday during teaching weeks, but is also 
open at selected times during mid-semester breaks. 

The Maths Access Centre (MAC) at QUT [https://olt.qut.edu.
au/udf/QUTMAC/index.cfm?fa=dispHomePage&CFID=721&

CFTOKEN=26278144] provides support and assistance to all 
students studying mathematics and statistics. There is a drop 
in room available to students for quiet study between 9:00 am 
and 6:00 pm. Academic staff and senior students are available 
in this room at various times, for a minimum of two hours 
each day. Up to three maths support sessions are also run 
weekly for engineering mathematics subjects (MAB180 and 
MAB182) to help students fill gaps in their knowledge. Support 
sessions are scheduled to ensure that they fit in with students’ 
timetables. Exam preparation workshops are held for first year 
engineering mathematics students. These sessions are held 
at key stages during the semester to help students develop 
study and problem solving skills. Exam preparation workshops 
usually consist of three 2-hour sessions in one day and are 
student driven. Mathematics worksheets containing simple 
explanations, examples and exercises may be downloaded by 
students to complete in their own time.

Cuthburt and MacGillivray (2007) looked at the completion 
statistics for students commencing engineering degree 
programs in 2002, comparing those who made use of 
QUTMAC against those who did not. Clearly, as the sessions 
are voluntary students making use of QUTMAC are self selected 
- realising there are gaps in their knowledge and addressing 
these by attending the sessions. Obviously, at-risk students 
who attend the sessions are more likely to complete the course 
than those who did not recognise gaps in their knowledge and 
choose not to use available resources. Students who choose to 
make use of QUTMAC sessions have improved completion rates 
and are more likely as a cohort than the cohort as a whole, to 
complete the course without disruptions.

The Studio [http://fac.eng.curtin.edu.au/EFY/id1_EFY%20
Features/Student%20Support%2Ecfm ] is open for all first 
year engineering students at CUT. The Studio is laid out to 
mirror an open-plan office, providing a large communal area 
for study and small project meeting rooms that can be booked 
by students for private group study. Small project rooms are 
also used for ‘Clinics’, manned by tutors during office hours to 
assist students with any problems they may have. There are a 
number of hours of ‘maths clinic’ each week. 

The Study and Learning Centre at RMIT [http://www.rmit.edu.
au/studyandlearningcentre] offers drop-in sessions designed for 
students struggling with mathematics. Sessions are offered at 
various times Monday to Friday and are available to all students 
studying mathematics. The online Learning Lab [http://www.
dlsweb.rmit.edu.au/lsu/] offers maths essentials in the form of 
online tutorials and hand-outs. Students are also able to get 
study skills advice and are encouraged to identify their learning 
style so they may plan how to study more effectively. 

The UTS Mathematics Study Centre [http://www.science.uts.
edu.au/msc/index.html] is manned between 10:00 am and 
7:00 pm Monday to Friday by research students, lecturers and 
some student volunteers and is available on a drop-in basis for 
all students. UWS also offer semester workshops [http://www.
uws.edu.au/students/ods/lsu/mathssupport] for Mathematics 
for Engineers 1 & 2. Workshops are voluntary, but students 
must register. Help with basic mathematics, calculus and 
statistics is offered to students through WebCT. Available 
resources include quizzes, booklets and useful web links. 

ANU operates a mathematics drop-in centre for 8 hours 
each week, assistance is targeted at first year students and 
is available for two hours after each first year mathematics 
lecture. Staff believe that students who attend the sessions 
gain real benefit and hope to direct more resources into 
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increasing the service offered and encouraging more students 
to attend. It has been noticed by staff that it tends to be the 
more academically able and conscientious students who make 
use of the sessions and are looking at ways to encourage the 
less academically able students to take part. More resources 
are to be directed at the facility in 2008.

Tutorials
Many responding institutions referred to the introduction 
of extra classes and tutorials for engineering mathematics 
subjects. These take a variety of forms; remedial tutorials 
targeted at underachievers lacking the basic mathematical 
foundations, extra classes for the lower mathematics stream, 
an increased number of staff in tutorials, voluntary additional 
support tutorials and additional support tutorials for those 
lacking the pre-requisite knowledge. 

A couple of institutions specifically referenced the transition from 
secondary school to university and a unified team response from 
both the mathematics and engineering departments. Staff in 
both departments are made aware of any concerns for particular 
students’ performance or study characteristics and these are then 
addressed in a holistic fashion. 

At UTS, first year engineering students studying Mathematical 
Modelling 1 and Physical Modelling consistently stated that 
tutorials enhanced their learning experience (Wood, 2003), 
most requested more tutorials, in both time and number, 
and indicated that they would prefer the teaching balance 
to consist of more time in tutorials than in lectures. This 
preference was linked by many students to the difficulty of 
the transition from secondary school to university teaching. 
Uncertainties and Risk in Engineering, a second year 
mathematics subject taken by engineering students received 
very positive feedback for being a tutorial style course. 
Students expressed a number of difficulties with lectures 
such as, finding them difficult to follow, insufficiently varied 
in presentation, too fast paced, lecture sizes too large. Wood 
(2003) sees these problems more as students struggling 
with the change in teaching style than as problems with the 
lecturers themselves. 

A model which was seen to be very effective at two universities 
in the past 20 years used an innovative system of small 
“whiteboard” tutorial classes in which several students, 
working in groups of two, had to simultaneously display 
their worked mathematics problem solutions on wall-to-wall 
whiteboards. In this format the tutor could stand in the middle 
of the room and immediately identify and assist those students 
that could be seen to be struggling. Unfortunately both have 
recently ceased that format because of the high staffing costs. 

4.3.2 Group learning 
Over the last couple of decades, in response to perceived 
industry pressure, there has been a growth in the inclusion 
of professional topics in the engineering curriculum, such as 
team-work, communication skills and report writing. Educators 
have explored many ways to incorporate these competencies 
without sacrificing technical content. Trevelyan’s (http://www.
mech.uwa.edu.au/jpt/pes.html) research on engineering 
practice found that engineers in the workplace do “lots of 
co-ordination in which technical knowledge is inextricably 
bound up with ‘soft skills’ and understanding of human 
behaviour” (Trevelyan, 2008), supporting the need for both 
the inclusion of management and communication skills and 
the acquisition of these skills in conjunction with theoretical 
learning throughout the engineering degree program. 

Further supporting the inclusion of such competencies, in a 
survey of undergraduate engineering students at UTS, Wood 
(2003) found that students expressed a preference for real-life 
examples which put the mathematics learnt in lectures in 
context. Students also liked the problem-based approach, with 
plausible real-life examples, but they felt that long in-context 
examples spread over a few weeks of teaching were not 
sufficient and required additional smaller supporting examples 
to reinforce the principles in differing contexts. Wood (2003) 
found that engineering students were often unable to see the 
relevance of the mathematics taught, as in-context examples 
relevant to all engineering disciplines were not given.

There is also an increasing body of research on the benefits 
of active learning and its ability to cater to different learning 
styles (Dorfler, 2003; Mulligan and Kirkpatrick, 2000; Sazhin, 
1998 and Vithal et al, 1995). These claims are quantitatively 
supported by Springer et al’s (1999) meta-analysis on the 
effectiveness of small group learning in science, mathematics, 
engineering and technology (SMET) in North American 
universities. Thirty-nine papers on small group learning were 
analysed. Academic achievement, persistence (retention) and 
attitude were measured. The study concluded that; “The main 
effect of small group learning on achievement, persistence, 
and attitudes among undergraduates in SMET was significant 
and positive” (Springer et al, 1999). In all three areas 
measured, students performed better when taught in small 
group learning situations. 

Felder and Silverman (1988) found a mismatch between 
the learning styles of engineering students and the learning 
and consequently, teaching styles of engineering professors, 
identifying students as tending to be sensory, visual, inductive 
and active learners while engineering professors tend to 
teach in an intuitive, auditory, deductive and passive manner. 
He speculated that engineering students in general would 
prefer an active learning environment where students are 
involved in the learning process, suggesting such activities as 
group work, visual aids, open ended problems, etc. However 
additional sampling has led Felder (2002) to express caution, 
commenting that while active learning may address different 
learning styles he has found that students at university level 
only want to know what they need to learn for tests and 
exams, so therefore actually prefer the more traditional, 
prescriptive, passive approach of teaching. He does not 
however seem to consider the use of group work as an 
assessed component of the course.

Problem‑based or Project‑based Learning?
There is much confusion regarding the difference between 
Problem-based Learning (PBL) and Project-based Learning 
(PBLE), the terms often being used interchangeably. It is 
generally agreed that PBL is more directed to the acquisition 
of knowledge and PBLE to the application of knowledge. It is 
this definition that leads many to argue that PBL is not suitable 
for engineering degree programs, as much of mathematics, 
physics and engineering has a hierarchical knowledge 
structure, requiring topics to be learnt in a certain order to 
understand later concepts. Mills and Treagust (2003) contrast 
this with medical knowledge that has an “encyclopaedic 
structure”, with the order in which concepts are encountered 
less important and not affecting further learning. 

It appears that in many instances in engineering education 
it is difficult to differentiate between PBL and PBLE as most 
subjects that call themselves problem- or project-based actually 
contain elements of both. Project-based work is widely used to 
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allow students to practise the application of knowledge they 
have acquired in foundation subjects to real-world problems. 
However, when completing these projects students often have 
to do further research and acquire new knowledge to complete 
the project. It is therefore difficult to classify these subjects and 
approaches as either PBL or PBLE. We follow the lead of the 
reporting author or institution when we designate a particular 
practice as PBL or PBLE. 

PBL/ PBLE is now widely used in Australian engineering 
degree programs. Lopez (2007) found many claims that PBL is 
particularly effective in engineering education, as small teams 
working on open-ended problems mimic the work situations 
of most engineers.

Victoria University now uses a PBL approach in all engineering 
subjects. Mathematics is taught to engineering students in 
small groups (20-30 students in a class); there are no large 
group lectures. Students have three hours interactive class 
time per week and one hour working on a group project 
that is an engineering problem related to the topics covered 
in the three hour interactive class time. Staff have found 
that students become very engaged while solving in-context 
engineering problems and have found that it is very effective in 
developing and reinforcing mathematical skills. One example of 
an in-context problem enjoyed by first year students involved 
the use of differential equations to model fluid flow in a 
mixing bowl. Mathematics department staff collaborate with 
engineering staff to develop such examples for students. PBL 
in first year engineering subjects has had positive feedback 
from students. Many comment favourably on the opportunity 
to develop team working skills, on peer assessment and on the 
social aspect of team work as a positive introduction to first 
year at university (Jayasuriya and Evans, 2007). 

An interdisciplinary PBL approach is used to teach Engineering 
Computational Methods to first year engineering students 
at ADFA (Barry and Webb, 2006). The subject comprises six 
real-world engineering problems, developed in conjunction 
with the engineering department. Each topic is studied over 
a two week period, with two lectures and four hours of 
supervised computer laboratory sessions. When students 
are presented with the problem, they must then convert 
it to a mathematical formulation, design MATLAB code to 
analyse the problem and then reinterpret the answer as an 
engineering problem. Students must produce and submit a 
report as they would in the workplace. These six assignments 
account for 50% of students’ final grade, with a closed book 
exam, consisting of small problems designed to reflect the 
knowledge gained from the assignments, for the remainder. 
While the logistics of developing this subject among three 
departments and three lecturers were difficult, once in place, 
lecturers have noticed many benefits of the course. Students 
learnt how to write well structured assignments, became 
comfortable with computer algebra software, developed good 
team working skills and gained skills in the overall approach to 
solving engineering problems. 

A similar subject is also offered at the University of South 
Australia (Colgan, 2000). Teaching is divided into three hours of 
formal lectures, a one hour tutorial and one hour of computer 
laboratory. While the first three weeks of computer laboratory 
sessions act as an introduction to MATLAB, for the remainder 
of the semester students must complete two group projects. 
One project is a real-world engineering problem, the second 
is a report on a topic from the textbook not covered in class. 
Projects contribute 10% to the final grade. As with Engineering 

Computation Methods at ADFA, students develop report writing, 
team working, computational and self-study skills. 

At CQU there has been an increase in “in-context” PBL for 
engineering students, with some engineering problems taking 
a week or longer to investigate and resolve. Project-based 
learning (PBLE) was also trialled at CQU in 2007. While 
it is widely believed to be effective, PBLE needs further 
development. At CUT it is believed that PBL and PBLE 
motivate and engage students, highlighting the relevance 
of topics being taught. Griffith University is also introducing 
discipline-specific PBL. 

Close collaboration between mathematics and engineering 
staff at QUT facilitates problem-linked learning in 
mathematics, with the use of engineering problems 
in mathematics exercises. At QUT, staff believe that 
problem-immersed learning is not suitable for mathematics 
as staff believe it increases students’ difficulty in transferring 
mathematics to new contexts. Britton et al (2005) investigated 
this, looking at the ability of science students to transfer 
mathematics and attempted to quantitatively measure this 
by creating an index, which was later modified by Roberts 
et al (2007). They found that while students who scored 
high marks in the in-context questions in the test were 
able to transfer mathematical knowledge to out-of-context 
mathematics questions, a large proportion of those who 
scored average marks in the in-context mathematics question 
were unable to answer the out-of-context questions. The 
findings of this research indicate that teaching mathematics 
in-context to less academically able students limits their ability 
to use the mathematics in any other context.

The Monadelphous Integrated Learning Centre (ILC) [http://
www.ecm.uwa.edu.au/about/ilc ] is to open in 2009 at The 
University of Western Australia (UWA). Several individuals 
and companies are generously contributing funds towards 
this initiative (for details see the above website). The design 
for this new Centre has been based on the ILCs at University 
of Colorado at Boulder [http://itll.colorado.edu/ITLL/index.
cfm?fuseaction=Home ] and Queen’s University Live Building 
ILC [http://livebuilding.queensu.ca/contact_about ], developed 
to accommodate a Project Based Learning Experience (PBLE) 
approach to teaching inspired by Aalborg University [http://
www.aau.dk]. The ILC will mimic the industrial workplace, 
with facilities that integrate project management from design 
through development to prototype to be presented to the 
client. Students from different disciplines and different years 
will interact on projects, allowing students to benefit from peer 
mentoring, developing leadership skills and further simulating 
the work place environment with team members having 
differing areas of specialisation and varying years of experience. 
Students will also interact with industry professionals. In the 
design phase students will have to draw on the foundation 
theory and mathematics that they have learnt in first and 
second year in the core compulsory subjects, which include 
fundamental and advanced mathematics subjects. In the long 
term UWA hopes to build a new Life Integrated Learning Centre 
modelled on the Queen’s University Live Building ILC [http://
livebuilding.queensu.ca/contact_about].

A first year mathematics subject for engineering students at 
the University of Queensland incorporates a group ‘in-context’ 
project in which students explore a relevant mathematical topic 
of their choice, produce a poster and give a short presentation. 
This allows students to develop an appreciation of the 
inter-disciplinary nature of mathematics and the development 
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of communication, team-work and research skills. This small 
project has been noted by staff to increase students’ interest in 
mathematics (Worsley et al, 2007).

Monash University has introduced ENG2091: Advanced 
Engineering Mathematics A (Donea and Lun, 2007) that 
is designed for chemical, civil, materials and mechanical 
engineering students. The subject aims to show how 
mathematical theory can be used in engineering practice, for 
example: animated gifs for curls and divs, example involving 
guitar strings played by a student and heat conduction. The 
use of in-context engineering examples in lectures and classes 
has been well received by students, with most students 
indicating via satisfaction questionnaires that the examples aid 
their understanding of the topics. 

Most classes in most engineering mathematics subjects at RMIT 
spend significant time discussing ‘in-context’ examples relevant 
to students’ discipline area to motivate the development of 
theory. Some engineering subjects are completely PBL in nature, 
all theory developed as a consequence of, and driven by, the 
need to address one or more engineering applications, while 
other subjects are more traditional in that they develop the 
theory first and then use the techniques and methods to solve 
relevant problems if time permits. Mathematics subjects are 
supported by practice classes and WebLearn activities, which 
provide students with both summative and formative feedback 
(Fernandez and Fitz-Gerald, 2004b). 

Puzzle‑Based Learning

A puzzle-based learning course is to be offered as a unit 
within Introduction to Engineering and as a full semester 
subject at the University of Adelaide in 2008 (Michalewicz 
and Michalewicz, 2007). Puzzle-based learning attempts to 
connect thinking and problem solving skills with mathematical 
awareness. PBL and PBLE usually deal with complex situations 
where there is not one clear way of proceeding. The emphasis 
with these approaches is how to deal with the complexity of 
the task and how to integrate a number of techniques, with 
students realising they need to learn some new knowledge 
before they can solve the problem. Puzzle-based learning may 
complement PBL and PBLE. Puzzles more often but not always 
have one correct answer and may appear to be deceptively 
simple. This contrasts with the traditional learning approach 
wherein students study a topic and then answer very structured 
questions before moving on to the next topic. Puzzle-based 
learning shows the importance of mathematics in solving the 
puzzles, challenging students to draw on previously acquired 
mathematical knowledge and highlighting the relevance of 
mathematics in all aspects of problem solving. Michalewicz 
and Michalewicz (2007) believe that puzzles allow students 
to understand how they have reached an answer and to 
understand how they may apply the same mathematical 
techniques to other real-world problems. Just as importantly, it 
has been found that many students find puzzle solving to be 
enjoyable and a motivation for learning mathematics. 

An example of a puzzle: 

The River Crossing Problem: A man has to take a wolf, a goat, 
and some cabbage across a river. His rowboat has enough 
room for the man plus either the wolf or the goat or the 
cabbage. If he takes the cabbage with him, the wolf will eat 
the goat. If he takes the wolf, the goat will eat the cabbage. 
Only when the man is present are the goat and the cabbage 
safe from their enemies. All the same, the man carries wolf, 
goat, and cabbage across the river. How has he done it?

4.3.3 Software and Online Learning
Rapid advances in computing in the past couple of decades, 
and the increased affordability of computer hardware has 
meant that the world wide web and software applications 
have become integrated into daily life. Computer technology 
is now commonplace in teaching and learning at all levels 
and is increasingly being incorporated into engineering 
mathematics subjects. 

Since the introduction of computational techniques courses in 
the 1960’s, there has been widespread debate about the use 
of computer technology in the teaching of mathematics in 
general and more specifically in the teaching of mathematics 
to engineering students. Many argue that students do not 
learn the “nuts and bolts” since the inbuilt computer code 
initially obviates the need for experience and conceptual 
understanding when the algorithms are first accessed. 
Others believe that computer technology has revolutionised 
the teaching of mathematics. In between the extremities of 
avoidance and compulsion, there is a strategy for the most 
effective use of software in the teaching of mathematics to 
engineering students, but research is needed to find it. 

Most institutions now use some form of learning management 
system (LMS). WebCT and Blackboard were the two mentioned 
most often by educators responding to the questionnaire and at 
site visits. It appears that at most institutions lecturers are free 
to make as much or as little use the of the LMS as they wish, 
meaning that there are great differences in the online presence 
of subjects. Some subjects will have all lecture notes, class notes 
and solutions to assignments available online (time released), 
with quizzes (not normally counting towards the final grade), 
a discussion blog in which the lecturer or tutors may take part, 
worked examples and on-line submission of assignments. Others 
will have no teaching and learning resources available to students 
online. Concern was expressed by one lecturer that if he put all 
teaching materials online, students would not attend lectures 
and tutorials. Increased accessibility of teaching and learning 
resources available to students at times convenient to them 
appears to be seen by many as one effective way of helping to 
address the changing needs of the student body. However no 
one has seriously claimed that this mode of dissemination could 
adequately replace interaction with an inspiring teacher. 

Online quizzes through the LMS or in some instances via 
in-house software are increasingly being used in the teaching of 
engineering mathematics, with many respondents identifying 
the need for these online resources due to decreased numbers 
of mathematics staff and increased lecture sizes making it 
difficult for lecturers and tutors to provide detailed feedback for 
individual students and to quickly mark tutorial assignments. 
Online quizzes allow students to test their mathematical skills 
at times convenient to them with instantaneous feedback. 
Questions vary from multiple choice (for the basic LMS tests) to 
questions with many parts that must be entered as algebraic 
expressions (when in-house software has been developed). The 
detail of the feedback varies from binary correct/incorrect to 
targeted feedback on individual answers explaining why the 
answer is incorrect and suggested further reading on the topic 
if the student is still struggling. 

Commercial Software 
Supporting the findings of Lopez (2007), MATLAB is the 
most commonly used software package (20/27 responding 
universities). Excel was the second (10/27) and Minitab third 
(8/27). Surprisingly only 2/27 responding universities use 
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MATHCAD and no responding universities use POLYMATH 
(see figure 9). The majority of universities use one or two 
packages (15/27), but ten universities use between three 
and five different software packages. Only two universities 
reported that no software packages are used in the teaching 
of mathematics to engineering students. 

Some respondents stated that they found modelling software 
invaluable in the teaching of mathematics to engineering 
students as it enables them to better contextualise the teaching 
of engineering applications to students. Many institutions set 
group projects for students using some form of computer 
algebra system. The increased use of software packages in 
assignments is seen by some as a response to the perceived 
need for engineers to become proficient in using packages that 
are commonplace in the professional environment. 

The use of MATLAB is incorporated in the PBL subjects offered 
at the University of South Australia (Colgan, 2000) and the 
Australian Defence Force Academy (Barry and Webb, 2006). 
As there are few textbooks incorporating the use of MATLAB 
at first year level, both institutions have developed their 
own supporting resources for students (e.g. Barry and Davis, 
2008). Both subjects combine active and passive learning in 
an attempt to further engage students and to highlight the 
relevance of the foundation material to the engineering degree 
program. Students must design MATLAB code to solve assessed 
engineering problems. The University of Wollongong has 
developed a series of online tutorials for students to introduce 
them to MATLAB (Baafi and Boyd, 2001). 

Maple and Mathematica have been used in the teaching of 
mathematics at RMIT for over 15 years and are regularly used in 
engineering mathematics subjects (Fitz-Gerald and Healy, 1994). 
Blyth (2005, 2007a, 2007b) is an enthusiastic proponent of 
Maple in the teaching of mathematics at all levels. He ascribes 
to the computer algebra immersion mode of teaching and 
learning, whereby Maple is used for all class presentations, 
computer lab classes and assessment. Students are taught 
face-to-face in the computer laboratory. All Maple files for 

teaching, assignments and exams are downloaded from the 
internet by students. All student work is carried out, submitted 
and returned with feedback as Maple files via the internet. 

Keady [http://www.maths.uwa.edu.au/~keady/GKmplTeach.
html] is another enthusiastic supporter of computer algebra 
systems, personally favouring Maple in teaching mathematics, 
first introducing it to teaching and learning at UWA in 1989. 
At UWA, in the second year engineering mathematics subject 
MATH2040 students use both Maple and MATLAB [http://
www.maths.uwa.edu.au/~keady/Teaching/M2040/index.
html]. Keady has also developed a series of worksheets to 
assist in teaching a third year engineering mathematics subject 
with Mathematica [http://www.maths.uwa.edu.au/~keady/
Teaching/3M1/Assgts/index.html].

To assist engineering students with learning a large number 
of mathematics topics in a short amount of time, concurrently 
with requiring the foundation knowledge in their engineering 
subjects. Bloom (2007) introduced the use of Scientific 
Notebook in the teaching of mathematics to engineers. 
Scientific Notebook allows students to practise and check their 
answers in their own time, without having to spend a great 
deal of time learning a programming language a working 
knowledge can be learned in 20 minutes. Mathematics and text 
is easily entered using toolbars, and appears on the screen as it 
would be written. Bloom (2007) has also found that scientific 
notebook forces students to enter the expressions in the correct 
format, finding previously that hand written work is often 
written sloppily by students – particularly with Fourier series. 

There are obvious problems with solely relying on Scientific 
Notebook. Students are taught in weekly lectures, where 
scientific notebook is mentioned and weekly tutorials, where 
students answer questions both with scientific notebook and 
by hand. Students are assessed with assignments every two 
weeks where students must answer questions by hand, then 
check them with scientific notebook - students must hand 
in both solutions. An assessed mid-semester test is 50% 
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Figure 9: Categorised Questionnaire responses to 2.2 What mathematical and statistical packages do engineering 
students use in class?
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Scientific Notebook and 50% by hand. The final examination 
must be answered totally by hand. There has been very 
positive feedback from students, finding that Scientific 
Notebook greatly aided their learning. Anderson et al (2000) 
are also proponents of the use of Scientific Notebook to assist 
the teaching of mathematics to engineering students. 

Loch and Donovan (2006, 2007) trialled the use of tablet 
technology in the teaching of engineering mathematics 
subjects Calculus and Linear Algebra 1 & 2 and Discrete 
Mathematics over three consecutive semesters. This technology 
was used in conjunction with workbooks, developed for all 
first year and some second year mathematics subjects at the 
University of Queensland, available for students to download 
in pdf format. The workbooks are to be used in lectures and 
have spaces for students to add comments and working. 
Graphics tablets were used for Calculus and Linear Algebra 1 & 
2 and a tablet PC used for Discrete Mathematics. The software 
was used to “write” on the projected pdf images during the 
lecture. There were various technical difficulties with one of 
the tablets used and the tablet PC. Student feedback indicated 
that the majority (80%) found the use of the tablet where 
there were no technical difficulties beneficial to the learning 
experience, but indicated a small preference for the use of over 
head projectors in the subjects where there were technical 
difficulties. However, students overwhelmingly (65-95%) 
stated that writing during lectures helps their understanding. 
Additional benefits with tablet technology include the ability 
to easily save and upload to the LMS annotated lecture 
notes, flexible lecture structure responsive to the needs of 
the students, the ability to backtrack to earlier sections, and 
allowing students to be actively involved in learning. 

Excel spreadsheets have been used in the teaching of 
mathematics subjects for engineers at the University of South 
Australia to illustrate results. In a bridging program [http://www.
unisa.edu.au/study/progcourses/undgradpdf08/foundation.
pdf], which provides an alternative entry pathway for students 
to engineering degree programs, when examining the meaning 
of parameters of functions, students alter parameters in the 
spreadsheet and are able to visualise the effects of the alteration. 
Students then perform the tasks in MATLAB to familiarise 
themselves with this software. Other calculus topics using this 
method include; limits, Euler’s Method, Newton’s Method, 
logarithms and exponentials and Riemann Sums. A first year 
mathematics modelling subject uses spreadsheets to illustrate 
curve fitting using least squares methods and Markov modelling. 
Student evaluations have found that students consistently give 
good feedback about the practical sessions using Excel.

In‑house Software
Some universities have developed in-house software to 
compensate for a decrease in mathematics and statistics 
staff, to reduce the marking burden of the remaining staff, 
and to allow students to study at times convenient to 
themselves. The use of software can also lead to more rapid 
diagnosis of basic misunderstandings than is possible in the 
lecture-assignment-tutorial cycle. Simple features such as 
randomisation of parameters and pattern matching can lower 
the risk of plagiarism. This software allows, or in some cases, 
forces students (with assessments to be completed before they 
can progress to the next stage) to practise mathematics, and it 
provides rapid diagnosis of, and feedback on, errors. 

CalMaeth (Dynamical Teaching Solutions software interfaced 
with Mathematica) was developed at the University of Western 
Australia (Judd, 1996). Questions are randomly generated 

for individual students, usually differing only by variation of 
constants or transcendental functions, to keep questions 
at a uniform level of difficulty. Questions are multi-part to 
reinforce the steps of solving complex problems and to allow 
the software to diagnose where student errors take place. 
An expression editor allows students to check that they have 
entered the answer they intended. If an incorrect answer is 
entered the software attempts to generate an appropriate 
diagnostic statement. Feedback starts with general statements 
about an error and then becomes progressively more specific. 
Each error also has a severity rating (10 for trivial arithmetic 
error – 50 for a serious misconception); this rating allows 
students to perceive the severity of a mistake. These ratings 
are also used for marking assessed questions – students may 
attempt the questions as many times as they wish, but lose 
marks in proportion to the severity of their errors. If CalMaeth 
is unable to determine what error the student has made it will 
respond with a long diagnostic, explaining what the student 
ought to be doing. The software keeps track of each student’s 
progress, individual statistics may be viewed and summary 
statistics may be created – histograms and scatter plots of 
quantities such as average tutorial mark, average completion 
time, average number of attempts, exam marks and tertiary 
entrance scores. The software has had excellent feedback from 
both students and staff. A related system has been used at 
Macquarie University.

Assessment in Mathematics (AiM) [http://maths.york.ac.uk/
moodle/aiminfo/] is a computer aided assessment system. The 
original version was developed at the University of Gent in 
Belgium, but has subsequently been significantly revised by 
various authors. AiM is mostly written in Maple programming 
language and is open-source. Answers are entered by students 
in Maple syntax; they may parse their answers to check they 
have entered the answer they intended, before submitting 
the answer for marking. AiM can provide comprehensive 
diagnostic feedback on incorrect answers. It can also be set up 
to show the student how their answer is incorrect, for example 
if a student solves a system of equations incorrectly, AiM can 
substitute the incorrect answers back into the equations and 
show that it does not work. 

With the creation of Maple TA [http://www.maplesoft.com/
products/mapleta/] and the subsequent licensing issues 
related to using Maple software with AiM (an open-source 
CAA), Sangwin (2006) has created System for Teaching and 
Assessment using a Computer algebra Kernel (STACK) [http://
www.stack.bham.ac.uk/]. STACK uses the CAS Maxima 
[http://maxima.sourceforge.net/] which is open source. STACK 
operates in much the same way as CalMaeth and AiM, 
answers can be entered in algebraic form, an expression editor 
is provided for students to check their responses, diagnostic 
feedback is provided to students and they can be allowed a 
number of attempts at questions. 

Weblearn interfaced with Maple (Fernandez and Fitz-Gerald, 
2004a) is used at RMIT to enhance the learning experience 
for large group lectures (focusing on enabling Mathematics 
subjects in first year). Maple is used to provide targeted 
feedback to students when attempting practice questions, 
recognizing common errors and providing further explanation 
and suggested reading for more detailed explanation. Maple 
allows students to enter answers in a loose format and enables 
students to check that they have entered what they intended 
before submitting their answer - via an expression editor which 
shows the formulae entered in a more familiar written format. 
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Also at Swinburne University of Technology, to aid the 
laborious task of creating formative tests on the LMS 
Blackboard, Tobin and Lozanovski (2007) developed a modular 
software approach to the development of tests for students, 
semi-automating the process. Multiple-choice questions are 
generated with Mathematica and transferred to Microsoft 
Word, after which Respondus is used to upload the formatted 
multiple-choice questions to Blackboard. This approach 
means that for each question there is an associated canvas 
pool of hundreds of randomly generated, distinct versions 
of the question. In multiple-choice questions the number of 
distractors can be randomised as can the placement of the 
correct answer. All canvas pools can be easily updated and 
linked notes can be updated without affecting active tests. 
Student feedback for the online testing system has been very 
positive, with the majority of students finding multiple-choice 
tests a good way to monitor and check their progress.

MOMUS Tutor, coded in Macromedia Director, has been 
developed at Monash University to provide an online “tutor” 
for mechanical engineering students (Field et al, 2003). By 
animating machines and illustrating the need to isolate portions 
of the machine in some modelling processes, staff aimed to 
provide engineering students with realistic, practical examples 
of theory which have been found to motivate engineering 
students. The menu pages provide students with an 
introduction to the software, describing the purpose and how 
it should be used. Students then view a video file, outlining the 
in-context problem. Specific text is authored for each problem, 
students are asked to construct a line diagram model for a 
part of the image under defined external conditions that may 
be used in the solution. The answer has several components. 
The tutor is programmed to diagnose the students’ answers, 
offering appropriate feedback. Evaluations of MOMUS Tutor 
indicated that students who used it achieved higher on the 
examination problem related to machines. 

At UTS, a MATLAB based visualisation package has been 
developed for the teaching of Optimisation Methods and 
Applications in Engineering to help students to understand 
the advanced mathematics (Lui, et al, 2007). The developers 
have found that students are usually more interested in and 
motivated by practical applications. The visualisation package 
consists of six modules associated with various optimisation 
algorithms. Practical optimal design problems from various 
disciplines are included. Student feedback on the package has 
been positive, with the majority of students commenting that 
they found the subject easy to follow. Cross disciplinary learning 
is encouraged in this subject with students encouraged to bring 
assignment problems from other subjects which may be solved 
using optimisation algorithms, further highlighting the context 
of the mathematics being taught. 

A Coordinated Approach
It is clear that there are many innovative CAL and CAA systems 
being developed at various institutions, both nationally and 
internationally. In the majority of cases this software is being 
developed independently. It is clear from questionnaire responses 
that there is a great deal of overlap between the base software 
used at most Australian institutions, with 20 institutions stating 
that MATLAB is used in learning and teaching. 

Keady et al (2006) argue that while CAA systems will come in and 
out of fashion, sharing systems, question databases, etc. is crucial 
for progress to be made. Institutions often develop very similar 
CAL or CAA systems independently, when there is the possibility 
of streamlining a small number of CAL or CAA systems.

Open-source systems such as STACK [http://stack.bham.ac.uk/
stack/] have great potential for CAL and CAA as institutions 
may download these systems for free and then alter them 
as required – this obviously requires technical know-how, 
but removes the initial outlay for commercial CAL and CAA 
systems. It is crucial that improvements and changes are 
shared to ensure effective development. 

It seems that a forum for information and question sharing 
would be of great benefit to Australian mathematics and 
engineering educators. Keady et al (2006) point out the 
economic benefits, in time spent developing the systems and 
particularly in time spent authoring questions. 

Hadgraft (2007) is also a proponent of a coordinated 
approach to CAL and CAA, arguing that it has been poorly 
integrated into teaching at most institutions, believing that 
through online assessment students can develop skills at their 
own pace and test themselves to make sure they understand. 

Question sharing may be particularly effective in mathematics 
education for engineering students, where many respondents 
to our questionnaire mentioned the difficulty of finding 
good engineering examples, at the correct level, to display to 
students the relevance of the mathematics being taught. 

A project in the UK built a Remote Question Protocol (RQP) 
(http://mantis.york.ac.uk/moodle/course/view.php?id=14) 
which allows the use of appropriate item engines, enabling 
the sharing of questions, even when they are authored for 
different CAL and CAA systems. 

4.3.4 Developmental Mathematics Programs
There is much debate as to the effectiveness of 
developmental mathematics programs on student retention 
and achievement. It is difficult to measure the effectiveness 
of these programs as there are usually many other factors 
influencing the success or failure of students entering into 
such programs. Lesik (2006) investigated the causal impact 
of developmental education programs on student retention 
by embedding a regression-discontinuity design within 
the framework provided by discrete-time survival analysis. 
She concluded that: “participating in the developmental 
mathematics course has a positive impact on student 
retention [suggesting] to policy-makers that developmental 
education programs can be effective in helping to keep 
students enrolled in college” (Lesik, 2006).

Streaming 
Although streaming was identified by only a few institutions 
(7/27), from subsequent site visits and conversations with 
mathematics educators of engineers the authors believe 
the practise to be common in Australian universities. Many 
questionnaire respondents did not view streaming as a ‘new’ 
teaching and learning method. Streaming is an effective 
way to address the changing needs of engineering students, 
allowing mathematics educators to cover lower level 
mathematics with under-prepared students and to identify the 
gaps in their knowledge, while not repeating material that 
more advanced students have already grasped. Additional 
tutorials and increased office hours are often offered to 
students in the lower stream. 

Students appear to be streamed into mathematics subjects in a 
variety of ways. The most common appears to be by the level 
of secondary school mathematics taken. However, with the 
increase in international students and the variations between 
state curricula, many institutions are finding it increasingly 
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difficult to rely on students’ school results to allocate students 
to particular mathematics streams on entry to university so are 
introducing their own diagnostic tests for incoming students. 
These range from compulsory formal tests to informal voluntary 
online tests. The tests are often only used to advise, not to 
enforce entry to certain streams, allowing students the option 
to challenge themselves by entering a higher stream. Some 
institutions also spoke of encouraging students with weak 
mathematics backgrounds to take a lower level mathematics 
subject before attempting engineering mathematics subjects 
for their degree program, but spoke of the difficulty of getting 
students to heed this advice. 

Two mathematics streams are available to engineering students 
at the University of Sydney. Students are encouraged to 
complete an online self-assessment [http://www.maths.usyd.
edu.au/us/selftest.cgi] before deciding which mathematics 
stream to enrol in. This is however not enforced and students 
may select whichever stream they prefer. Britton et al (2007) 
made students enrolled in MATH1901 (the highest stream) 
sit the test in the first tutorial of semester. They found that 
the results in the test provided an accurate prediction of 
students’ performance in the subject. They found that the 
greatest number of incorrect answers came from questions 
that required conceptual knowledge and found that students 
often used algebraic procedure without reflection as to 
whether the answer is correct. Prerequisites for MATH1901 at 
the University of Sydney are HSC Mathematics Extension 2 and 
a UAI of 90+. Results from the test seem to indicate that it is 
possible to achieve high marks in high level secondary school 
mathematics by performing mathematical procedures without 
understanding the concepts. 

Curtin University of Technology streams students by the 
level of secondary school mathematics that they have taken, 
secondary school calculus no longer being a prerequisite for 
entry to the engineering degree program. Students with less 
than 65% in their secondary school leaving certificate enter 
Engineering Mathematics MATH120 and MATH140, while 
other students take Engineering Mathematics MATH110 and 
MATH130. Students in the higher stream have a wider choice 
of examination questions. All students must then take a 
common mathematics subject in second year. 

In 1992 a regional university found that some engineering 
students were having significant difficulties with the first year 
engineering mathematics subject. In 1993 a new subject was 
introduced at the same level as secondary school intermediate 
mathematics for the minority who were unable to cope 
with the standard subject. By 1996 they found that very few 
students could cope with the original subject, so abolished 
it. Currently in place is a minor modification of the second 
subject introduced in 1993 and a lower stream for students 
who are unable to cope, which includes Year 10 mathematics. 
The institution has found that many first year students are 
now commencing engineering degree programs unable to 
factorise integers and find lowest common multiples. These 
subjects have not been introduced as bridging subjects, in 
addition to the university level subjects; they now comprise the 
first of three engineering mathematics modules. 

Bridging 
The University of Adelaide offers three pre-tertiary bridging 
courses; MathsBridge Online - a web-based interactive 
course at year 10/11 level, useful for students to check their 
skills. MathsStart, a flexible delivery learning program, with 
work sheets to be completed at home and with workshops 

throughout the year, up to SACE Stage 1 level which is 
suitable preparation for MathsTrack. MathsTrack – in the same 
format as MathsStart, but to cover topics from SACE Stage 
2. MathsMate is an evolving collection of mathematics online 
resources for students including interactive materials to refresh 
assumed knowledge; notes expanding on segments of the 
course which may be downloaded, as well as useful websites. 
For engineering mathematics subject Mathematics 1/1M, 
two modules may be downloaded covering the assumed 
knowledge for Matrices and Systems of Linear Equations 
[http://www.adelaide.edu.au/clpd/maths/mathsmate/resources/
download/maths.html].

UTS offers free bridging courses for commencing students 
without the recommended knowledge for their degree program 
[http://www.science.uts.edu.au/courses/bridging.html]. Maths 
(2 unit) and Maths Ext 1 run for two weeks, with daily 3-hour 
sessions either in morning, afternoon or evening. Students 
are provided with all course material. Similarly, the University 
of Sydney offer The Extension 1 Course or The 2 Unit Course 
[http://www.maths.usyd.edu.au/u/BC/] for students without the 
required prerequisites. Courses consist of twelve 2-hour sessions 
which are offered in either morning or evening. 

UNSW operates the Mathematics Bridging Course, which 
is equivalent to Secondary school Mathematics Extension 
1. Achievement of good grades in this bridging course 
allows students entry directly to MATH1131: Mathematics 
1A. Students not deemed well prepared are advised to first 
complete MATH1011: Fundamentals of Mathematics B, 
which acts as a preparatory course, not a lower stream of 
MATH1131. While enrolment in this is highly recommended for 
under-prepared students, it is not enforced. 

Alternative Entry
The University of South Australia offers a foundation program 
[http://www.unisa.edu.au/study/progcourses/undgradpdf08/
foundation.pdf] which is designed as an alternative pathway 
for students to gain entry to a science or engineering degree 
program. The program runs full time for one year or part 
time for up to four years and is designed for people who 
have a gap in their science background. The program aims 
to determine suitability for entry to the program, but also to 
maximise the chance for success of those who are admitted. 
Analysis of a similar course run previously shows evidence that 
the foundation program has better equipped students for 
success in their degree program (Boland, 2002). 

Swinburne University runs Uniprep Science/Engineering, 
a foundation program for science and engineering 
students [http://courses.swinburne.edu.au/Courses/
ViewCourseInternational.aspx?id=14089]. The program runs 
for one academic year and covers a broad range of topics for 
students who must take General Mathematics and Science 
Engineering Mathematics A & B. The course prepares them for 
entry to first year. 

Some institutions are creating outreach programs to attract 
students to science, engineering and mathematics. The 
University of South Australia operates Robotics Peer Mentoring 
(RPM) [http://www.unisa.edu.au/mentor/robotics/default.asp] 
with support from the University, industry and local councils. 
RPM provides hands-on experience in robotics, electronics, 
science and engineering for secondary school students. 
University undergraduate students act as mentors with 
secondary teachers to deliver a robotics program in schools, 
encouraging students to take enabling SET subjects such as 
mathematics by showing them the relevance of such subjects 
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later in robotics. As of 2007, over 1,000 secondary students 
will be involved in the program. Developing the links between 
the RPM program and industry and linking the program to key 
curriculum frameworks are goals to be achieved over the next 
few years. There has been a slight improvement in engineering 
enrolments in the last two years.

For a dual-sector University like RMIT, articulation pathways 
have been in place for some time for students transferring 
from TAFE to higher education. Specific exemptions have been 
negotiated for each of the main engineering schools. Students 
who have successfully completed diplomas and advanced 
diplomas will generally be awarded exemptions in credit 
points equivalent to a certain proportion of a year or years 
that make up the nominated engineering degree program. 
In many instances the selection officer for the engineering 
degree program would not include mathematics courses as 
part of the exemptions granted. However, the newly created 
Associate Degrees are different. These degree programs consist 
of higher education courses that are taught by TAFE staff and 
successful completion of such an award provide a guaranteed 
articulation pathway  into the third year of a corresponding 
higher education engineering degree program.

Many engineering academics participating in the Carrick 
Institute of Learning and Teaching DBI Addressing the 
Supply and Quality of Engineering Graduates for the New 
Century commented that students find the transition from 
TAFE to an engineering degree program difficult due to the 
lack of mathematics in certificates and diplomas. Students 
interviewed who had gained entry through TAFE commented 
that mathematics is “daunting and difficult” (King, 2007). 

4.3.5 Other Learning and Teaching Methods 

Visual Worked Examples
Video resources have been introduced at the University of 
Wollongong to help address the insufficient knowledge of 
students entering the first year mathematics program due to 
the decline in students’ basic mathematical skills. Sandison 
[http://www.math.uow.edu.au/subjects/summer/refresh.html] 
has developed worked video examples for Summertime Maths 
topic refreshers. These refresher subjects are available to all 
students online and comprise self-tests, theory refreshers, 
worked examples (both video and written), practice questions 
and links and text for further information. Topics include 
elementary algebra, algebraic fractions, Cartesian geometry, 
factorisation, logarithms, indices and elementary to advanced 
trigonometry. In these worked examples students watch the 
lecturer solving problems (with explanation) at the whiteboard. 

Also at the University of Wollongong, Amnifar et al (2007) 
trialled two different methods for creating visual resources; 
video camera (a hand is videoed working through a 
mathematics problem and a recorded voice-over description 
is added) and eBeam (text appears “magically” on the screen 
as text is written on a connected touch pad and a recorded 
voice-over description is added). To ensure accessibility by all 
students from any location, video files were compressed and 
Mac and Windows compatible files were created. The files 
were made available to all students through webCT and listed 
according to mathematical content. The video camera method 
was believed to be the most successful as with this method 
the demonstrator was able to point to previous working to 
further explain the solution. 

The resources were piloted in 2006. In student questionnaires 
at the end of the semester, 93% stated that the resources had 

helped them understand and learn mathematics. For those 
students who answered the questionnaire, results from two 
tests were analysed – a pre-semester 20-question multiple 
choice and a further 20-question basic skills test in week 4. For 
the pre-semester test, those students who indicated that they 
used the video resources initially averaged a fail grade (9.7/20) 
whereas those students who indicated that they did not use 
the video resources averaged a pass (12.6/20). Results from 
the second basic test in week four, after students had access 
to the video resources, showed that the weaker students 
averaged 11.95/20 and the stronger averaged 12.4/20 (no 
significant difference).

To assist students who enter engineering programs with 
insufficient mathematics preparation, the majority of whom 
have not completed a calculus subject at secondary school, 
the university of Western Sydney has also developed video 
resources. These are to be used in conjunction with tutorial 
problems during semester. These online resources may be 
accessed by all students enrolled in the subject via WebCT. 

Guest Lecturers
At some institutions, coordinators for mathematics subjects 
for engineering students invite guest lecturers to come in 
at various points throughout the subject to help students 
to see the relevance of the mathematics they are learning. 
The lecturers vary from professors from the engineering 
departments who present an example of the mathematics 
in an engineering context, highlighting to students the 
importance of mathematics for future studies, to industry 
professionals who explain how mathematics has been relevant 
and important to their career. 

Continuous Assessment 
Although only one institution identified continuous assessment 
as a new method of teaching and learning, of those institutions 
responding to question 5.2 Which mathematics and statistics 
subjects for engineers use alternative assessment methods 
either in place or in addition to a written exam?, all indicated 
that continuous assessment is used in engineering mathematics 
subjects. This is discussed further in section 4.4.

Re‑sit Option
La Trobe University finds the resit option to be effective for 
students who fail tests during semester, providing them with 
additional opportunity to consolidate key skills. Teaching staff 
are available for one-on-one consultation with students to 
assist them in overcoming problems. The scheme appears to 
be working well, with positive feedback from students. There 
has been a noted improvement in the pass rate in Calculus A 
in first semester 2007, compared with 2006.

4.4 Methods of Assessment
With the introduction of flexible and varied learning and 
teaching at many institutions to appeal to the changing 
student body and appeal to different learning styles, some 
institutions are now investigating ways in which to make 
assessment less rigid and more inline with the learning and 
teaching experience students have in lectures. 

Questionnaire responses indicate that some form of continuous 
assessment contributes to final mathematics grades for 
engineering students at all 27 of the responding institutions. 
Continuous assessment is believed to have various benefits 
and is viewed to be particularly valuable in subjects that require 
an understanding of foundation material for progression to 
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later material in the subject. Continuous assessment is also 
believed to aid the transition for students from secondary 
school to tertiary education. Students often find this transition 
difficult, moving from small classes, with a large amount of 
individual attention to large lectures with often large tutorial 
sizes, with other students whom they do not know. They 
can find it intimidating to ask questions and may be unsure 
how to seek assistance with concepts that they are struggling 
with. Continuous assessment provides diagnostic feedback 
and allows lecturers and tutors to identify areas where either 
individuals or the entire group require further assistance, either 
individually or with the whole group in lectures or tutorials. 
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Figure 10: Questionnaire responses to question 5.2 Which 
mathematics and statistics subjects for engineers use 

alternative assessment methods either in place of or in 
addition to a written exam? 

In question 4.2, we asked about assessment methods in 
the sense of summative assessment. Only 24 institutions 
completed question 4.2 Which mathematics and statistics 
subjects for engineers use alternative assessment methods 
either in place of or in addition to a written exam? The 
question also asked respondents to enter the percentage 
that each assessment method contributed to the overall 
final grade. The data collected is limited as the majority of 
respondents only answered for first year mathematics subjects. 
Figure 10 shows the percentage of each student’s final mark 
determined by the written exam. It may clearly be seen that 
continuous assessment is now commonplace in undergraduate 
mathematics for engineering students. 

Respondents indicated that the additional percentage of 
marks is made up in a variety of ways at each institution, with 
little conformity between institutions. Additional assessment 
methods often include a combination of some of these 
assessment methods; class tests, group projects, individual 
projects, written assessment, mid-semester written exam and 
online testing or CAA. 

While CAA is often used in summative assessment, there are 
clear benefits to the use of CAA in formative assessment. 
Many universities indicated that some form of CAA is available 
to students for this purpose, whether it be offered through 
commercial or in-house software. CAA is discussed in depth in 
Section 4.3.3. 

Flexible assessment in tertiary mathematics is supported by 
Wood and Smith (1999), believing that giving students choice 

in their assessment forces students to take control of their 
learning and allows students to choose the method by which 
they are most able to demonstrate their achievement of course 
objectives. This increases equity between students, rather than 
favouring those who excel in examinations. When adopting 
this type of assessment approach it is important to ensure that 
assessment is a good reflection of a student’s achievement 
of subject objectives. Wood and Smith (1999) cautions that 
too much choice at early stages of tertiary education can add 
to the level of complication. Students need support in the 
transition from secondary school to university, but a limited 
amount of choice can be very successful. The example was 
given of a first year lecturer who allowed students to choose 
1, 2 or 3 assessments worth 20% and an examination with 
4 questions worth 20% each – students had to decide and 
submit their choice by week 4. 

Cretchley (1999) is also a proponent of the use of flexible 
assessment with student self-choice in early undergraduate 
mathematics assessment, believing it to be an effective way 
to deal with some of the challenges faced by mathematics 
educators. Student self-choice gives students the opportunity 
to select assessment tasks that suit their learning style, 
to stretch themselves within their comfort zones and to 
focus on their interests and needs, particularly in first year 
undergraduate mathematics where various disciplines are all 
taught in communal mathematics lectures, with students with 
very differing mathematical needs and backgrounds. Through 
self-choice students are able to focus on the topics which are of 
particular relevance to them. Some compulsory questions were 
also set as guidance for students. While student feedback was 
largely positive in the first trial of this method of assessment, 
staff struggled with the burden of the extra marking. 

To aid the mathematical confidence of first year engineering 
students at QUT a system that combines flexible, formative 
and summative assessment was introduced in 1999 (Cuthbert 
and MacGillvray, 2003). Assessment is divided into three 
sections. Students may choose to sit tests in weeks 5, 9 and 
13 of semester, or to be tested on similar material at the 
end of semester. Students may choose to take the semester 
assessment marks or sit the end of semester tests, with their 
best results in each section used. Weekly tutorials also have 
a 5-10 minute test, results of which may be used towards 
the final result. Most students attempt the test during 
semester and weekly tutorials have very high attendance. This 
assessment process has received very positive feedback from 
both students and staff. 

4.5 Subject Content and Organisation
The Engineers Australia accreditation system for degree programs 
is fully compliant with the Washington Accord (see http://
www.washingtonaccord.org/Washington-Accord/Accredited.
cfm). However, the current version of the Engineers Australia 
Accreditation Criteria Guidelines (Engineers Australia, 2006b) 
gives no specific advice on mathematics content. In those 
guidelines, Section 3.2.3 Program Structure and Implementation 
Framework says that Australian 4-year professional engineering 
degree programs should include the following “indicative 
components of the total learning experience”:

“mathematics, science, engineering principles, skills •	
and tools appropriate to the discipline of study (not 
less than 40%),
engineering design and projects (20%),•	
an engineering discipline specialisation •	
(approximately 20%),
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integrated exposure to professional engineering •	
practice, including management and professional 
ethics (approximately 10%),
more of any of the above elements, or other elective •	
studies (approximately 10%).”

The only other reference to mathematics is made in Section 
3.2.4.1 Enabling Skills and Knowledge Development:

“Enabling skills and knowledge in mathematics; physical, life 
and information sciences, and in engineering fundamentals must 
adequately underpin the development of high level technical 
capabilities, and in engineering application work within the 
designated field of practice and selected specialisation(s).” 

While the great majority of engineers that we contacted felt 
there was a need for some mathematics education, there 
is no general agreement on any minimum mathematics 
component within the specified 40% on mathematics, 
science and other enabling subjects. Despite this degree 
of flexibility, there was widespread agreement among the 
universities on core mathematics content at first year level, 
partly because of Australia’s long-established traditions 
in engineering science. During 2007, parallel to our own 
investigation, S. Barry and L. Healy of the Australian Defence 
Force Academy (a Canberra-based College of the University 
of New South Wales), compared the mathematics content in 
engineering programs at nine Australian universities, including 
representatives from six of the eight main Australian states 
and territories (Barry and Healy, 2007). Having communicated 
with a large number of universities, we can agree in broad 
terms with their finding of widespread uniformity in the 
coverage of the topics of

Calculus (introductory and one-dimensional)•	
Linear algebra•	
Multivariable calculus•	
Ordinary differential equations•	
Introductory statistics•	

In Australia, introductory calculus is not taught as a separate 
subject but is commonly integrated with some topics in algebra, 
probability, discrete mathematics, numerical analysis, and 
complex analysis. The amount of material in these last four 
topics varies between institutions. In order to accommodate a 
more diverse student group and a reduction in the number of 
teaching weeks (down to 24 weeks per year at some institutions 
that 15 years ago had 28-30 weeks), several institutions had 
removed some material, most commonly in the areas of discrete 
mathematics, numerical analysis and complex analysis. Since 
there are many opinions on the relative priority of these topics, 
some non-uniformity between institutions is developing. 
Barry and Healy (2007) found some uniformity of the content 
in introductory probability. However, several engineering 
departments and several current engineering students have 
stressed the need for more probability and statistics, in response 
to modern engineering practice, in areas such as maintenance 
planning, quality monitoring and stochastic modelling of noisy 
communication networks (King, 2007, MacGillivray, 2007). 
At on-site visits, several staff lamented on the weakening of 
complex analysis, to the point that it had become more difficult 
to teach frequency-amplitude-phase analysis in engineering 
courses involving electrical and mechanical oscillation 
phenomena. At one university, engineers and mathematicians 
jointly teach a successful first-year elective course in 
mathematical modelling and numerical analysis. This course is 
popular among engineering students partly because it is jointly 
taught by engineering staff who consequently recommend it.

Barry and Healy (2007) found some uniformity in the mathematics 
material covered generally over the first two years of degree 
programs. However, their sample of institutions included mostly 
the larger capital city universities. Only two universities in their 
sample of nine did not run a compulsory mathematics subject 
in Semester 4 of the program. We have found that the smaller 
universities tend to run fewer compulsory mathematics subjects 
and consequently their coverage is not as broad. We heard from 
several mathematics departments that by the time they finished 
teaching their engineering students, they had not been introduced 
to partial differential equations. Many agree that it is important 
for example, for mechanical engineers to know that the system 
of Navier-Stokes equations is the accepted model for many fluids 
and that these are the main objects of interest for computational 
fluid mechanics software packages often used in professional 
practice. At many institutions, we are relying on engineering 
staff to teach these important mathematical concepts. Some of 
them, particularly those who had been well trained in the past by 
specialist mathematicians, are well qualified for this task.

For each of the universities surveyed, we first consulted their 
publicly available subject outlines and made a preliminary 
identification of those subjects that appeared prima facie to 
spend at least 50% of class time on topics in mathematics and 
statistics, and which were commonly taken by engineering 
students. The listed subjects included those traditional subjects 
in engineering that have high mathematical content (e.g. 
fluid mechanics, finite element methods, control theory, signal 
processing). The questionnaire asked the respondents to verify 
which of the listed subjects contained at least 50% mathematics 
content and to list others that we had missed. They were 
also asked to tick boxes to indicate which specialisations of 
engineering took those courses and to give typical class sizes for 
lectures, tutorials and laboratory classes in those subjects. 

At first year level, class time typically consisted of four hours 
of lectures and a one-hour tutorial per week. There was some 
variation in the number of lectures, three hours per week in 
several programs partly compensated by computer laboratory 
sessions or group-work project sessions. The distribution of 
average first year and second year lecture sizes across the 
universities is given in figure 11.

Ten universities conduct mathematics laboratory classes for first 
year engineering students. Class sizes are determined almost 
exclusively by the number of computers or terminals in a room. 
Two had laboratory class sizes of around 50. Two conducted 
laboratories only for project groups of 5-6. All of the others had 
class sizes in the range 16-25. The distribution of tutorial class 
sizes in first and second year is given in figure 12. 

Only one university does not run a compulsory tutorial. Their 
students receive plenty of practice on regular randomised 
assignments that are submitted using and assessed by a well 
designed computer system.

Although in our site visits, we found widespread recognition 
that different specialisations of engineering favoured different 
mathematics topics, distinct first year mathematics courses were 
offered to distinct specialisations of the BE degree in only three 
institutions. King (2007) found that civil engineering academics 
in particular felt that their students did not need the same level 
of mathematics as other specialisations of engineering.At some 
institutions, mathematics departments offered the same first year 
mathematics not only to engineering majors but to all mathematics 
majors and other science majors as well. One significant motivation 
was a changing government competitive funding system that 
encouraged universities to produce more research outputs. 
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Figure 11: Questionnaire responses to question 1.4 List the typical number of students that attend a single lecture for each subject listed.
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Figure 12: Questionnaire responses to question 1.4 List the typical number of students that attend tutorial class for each subject listed

Many universities allocate no undergraduate teaching to their 
strongest researchers, thereby adding extra load to the teaching 
staff. One mathematics respondent admitted that there was a 
plan to rationalise first year mathematics offerings because of the 
pressure to perform better at research. 

Nine universities had at least one specialisation of a bachelor of 
engineering degree for which students had to take two or more 
second year subjects with more than 90% mathematics content. 
The average number of second year mathematics subjects 
was 1.5. This figure does not include the two second-year 
mathematics subjects that are “highly recommended” but not 
compulsory for engineering students at one of Australia’s larger 
universities. Although that is the only university that has zero 
mathematics requirements at second year level, the majority 
of its students take both second year mathematics subjects 
and their engineering subjects tend to have high mathematical 
content. The average of 1.5 subjects does not include the 
additional second-year applied mathematics subject that is 
compulsory at one institution for engineering-mathematics 
double degree students. In some of the larger sandstone 
institutions where entry to engineering requires high tertiary 
entrance scores, up to 50% of engineering students enrol 
in double degree programs with Economics, Business 
Management, Computer Science or Mathematics. 

One university had accommodated the extra demand 
for statistics by adding a statistics half-subject to its two 
pre-existing compulsory second year mathematics subjects. 
Another had accommodated that demand by removing 
any material on partial differential equations from its sole 
compulsory second year subject.

Question 3.4 asked, “Do all engineering students gain the 
same foundation knowledge of mathematics/statistics? Please 
explain.” 

Some universities identify a subgroup of incoming at-risk 
students that is then required to take an additional bridging 
course or foundation course either in the summer break or 
during normal semesters. At one university, this subgroup is 
identified simply as those who “for one reason or another” are 
admitted without having satisfied the formal mathematics entry 
requirements. Three engineering programs offer two different 
streams of mathematics at first-year level, depending on the 
preparedness and/or motivation of the students. However, in 
all cases the contents of courses for both streams are meant to 
be adequate preparation for second-year courses taken by both 
groups. Several respondents said that all forms of additional 
learning assistance have the explicit aim of preparing all students 
for common courses at second-year level.
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Eight of 24 respondents could identify specialisation-specific 
mathematics subjects at second year level. Of these, eleven 
offered specialisation-specific subjects devoted to mathematics, 
while the others were specialisation-specific engineering subjects 
with high mathematical content. In one institution, there are 
parallel mathematics subjects for three different specialisations, 
even varying markedly in the mode of delivery. One of these 
adopts a problem-based learning mode and the other two are 
more traditional. In some cases, the number of compulsory 
mathematics subjects varies between specialisations, electrical 
engineering on average taking more mathematics.

One university has an additional combined mathematics-physics 
course at second year for electrical engineering students. It 
is compulsory and jointly taught by staff from the physics 
and mathematics disciplines. Satisfaction with the subject is 
reported by both students and staff.

At third and fourth year levels, the information that we 
received was less complete. We learnt from site visits that 
engineers were reluctant to divulge the mathematics content 
of their courses because of perceived take-over threats from 
other disciplines. This issue will be discussed further in Section 
6 Oversight and Organisation.

Eight universities offered subjects taught by mathematics 
staff specifically for engineering students at third-year 
level, and two other universities offered such subjects at 
fourth-year level, without having pre-requisites in third-year 
mathematics. Some of these more advanced subjects 
were specialisation-specific, for example coding and 
cryptography for computer engineering, and mathematics for 
communication engineering. In other cases, these advanced 
courses were general in content, and optional. 

4.6 Oversight 
Where engineering students take compulsory mathematics 
courses taught by a mathematics department, the latter 
is often viewed as a service provider and the engineering 
faculty is viewed as a client. Unlike in most provisions of 
service, in this case the service provider and client have very 
similar status, roles and job functions, even sharing the 
same employer. Therefore, there is the possibility of various 
degrees of sharing of responsibility for the curriculum design, 
pedagogical strategy, review of student learning outcomes 
and course quality review. 

In our experience, there is a wide diversity of opinions among 
academic staff on what should be included in the curriculum 
and on what degree of mathematical rigour students should 
be expected to develop. Each branch of engineering has 
its own preferences for mathematical topics. However, 
mathematics departments rarely have the resources to offer 
separate mathematics courses for each branch of engineering. 
Therefore some decisions must be made on compromises in 
curriculum design. Client satisfaction is more likely when the 
clients have participated in the decision-making process, so 
that they feel some level of joint ownership of the product. 

Responses to related questions in the questionnaire were 
varied, and difficult to categorise in tabular form. However, we 
will quote some of the interesting responses, and make some 
general comments that were partly informed by site visits.

Question 4.3 of the questionnaire asked, “Which parties 
(engineering staff, mathematics staff, students, Department 
of Teaching and Learning, industry partners, etc) are involved 
in the design of mathematics and statistics subjects for 
engineering students?”. 

Most responded that the curriculum is decided by a group of 
mathematics staff in consultation with the engineering staff. 
Some admitted that this consultation is informal. In some cases, 
there is a formal committee to set the curriculum. On each 
of these committees there are at least two mathematics staff 
(except at the university that doesn’t have two mathematics 
staff), and at least two engineering staff. One representative 
from Mathematics admitted, 

 “…we have liased (sic) with Engineering staff on a regular 
basis but the communication channels are dreadful. The views 
 we get change radically from year to year as the person 
(junior staff) in Engineering who liase with us changes.” 

In two universities, advanced mathematics courses were offered 
by mathematically trained engineering staff, for example in 
advanced systems modelling. We met several engineering 
staff who were qualified in mathematics. We did not meet 
engineering staff who were teaching mathematics subjects 
yet had not themselves been taught to an advanced level by 
mathematicians. Many engineers were reluctant to divulge 
which of their engineering courses contained 50% or more 
mathematical content. At site visits, we learnt that engineers 
perceived some threat of losing control of some subjects to 
another department. At some institutions, there is some tension 
between the teaching departments over who should teach what. 
Predominantly service-teaching disciplines such as mathematics 
are sensitive about control over their core business. It seems that 
the government’s centralised differential funding system does 
not encourage interdisciplinary team teaching. Quoting one 
correspondent mathematician:

“Our engineers are coached on how to write their 
basically maths units as engineering units so as to get 
the better funding.” 

 It was made clear to us that considerable mathematical material 
is learnt within traditional engineering courses. Some of the 
engineering educators explained that their emphasis was more 
on practical techniques than on mathematical rigour. This was 
expected from the outset and it was a practice that should be 
continued; otherwise mathematics would not be used effectively. 

At one major engineering university where the Mathematics 
department is part of the Engineering Faculty, the mathematics 
respondent wrote,

“Generally, our engineering colleagues trust us to deliver 
high quality teaching that is relevant to their areas. We do 
not generally get complaints. ”

Another major engineering university had a formal engineering 
mathematics committee that had a representative from each 
engineering department, outnumbering the two representatives 
from Mathematics. 

At one university, a series of subject design meetings between 
engineers and mathematicians was presided over by an 
independent Dean before both disciplines fully agreed. Since 
then student and staff satisfaction with the mathematics 
subjects has increased dramatically. 

Question 4.2 asked, “Who/which department(s)/committee/
centre is responsible for overseeing the teaching and learning of 
mathematics and statistics subjects for engineering students?”. 

Almost all of the respondents identified a responsible group but 
those groups had various compositions.

One major university holds regular feedback meetings involving 
all mathematics and engineering departments. Feedback 
is provided during the session by the central education 
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development unit that convenes focus groups of students. At 
one of the technical universities, in the last week of session 
the central education development unit holds a pizza lunch at 
which first-year engineering students are invited to comment. 
Information is then conveyed to the unit panel, thence to the 
Engineering Faculty’s first-year review panel, for discussion. 
Another technical university identifies a mathematics service 
team that has 

“developed and maintained strong ties with their compatriots 
in the Engineering schools to the extent that we are now 
deemed to be part of their own Program teams”. 

At that institution, program leaders meet monthly at portfolio 
meetings where educational progress is discussed.

During one site visit, a mathematics department education 
committee was reviewing its undergraduate offerings, with 
each committee member asked to gather feedback from each 
client department, including each engineering department.

One engineering representative wrote,

“Engineering Program Convenor attempts to interact with 
service provider”. 

Question 5.3 asked, “How is subject content evaluated? 
(e.g. staff feedback, student feedback, graduate exit survey, 
industry feedback). Please explain” 

There were few surprises in the responses. All universities have 
a mechanism for review of class results. All have a regular 
instrument for student satisfaction surveys applied to all subjects 
but individual teacher effectiveness surveys are not public. In 
several cases, student performance and satisfaction data at 
the subject level, are reviewed by the coordination committees 
referred to in Question 4.2. In some cases, there was no 
regular systematic meeting for such reviews. In those cases, 
Associate Deans, Department Heads and Year Coordinators 
were responsible for feeding information back to lecturers, and 
for suggesting means of quality control. In one institution, there 
were regular “Cross-year” reports in which lecturers comment 
on preparedness of their students who arrive with earlier subjects 
completed as prerequisites. In other institutions, discussions on 
these matters occur incidentally in curriculum committees.

Some departments found the 5-year department reviews and 
Engineers Australia accreditation reviews as being particularly 
helpful in their provision of external observations, comparisons 
and advice.

Three of the technological universities reported that industry 
representatives and recent graduates on external advisory 
committees were able to comment on teaching and learning 
outcomes.

One engineering department surveys all of its graduates and 
their employers every year.

In response to the question 6.1 How has your mathematics 
and statistics curriculum for engineering degree programs 
changed in the past 5 years in response to changing 
requirements of employers/perceptions of employment 
opportunities? most institutions states that there had been 
no change to the mathematics curriculum for engineering 
students in response to industry requirements. 

One institution referred to the lack of communication between 
the engineering department and the mathematics department 

“It hasn’t, we have had no industry feedback. The 
Engineering departments have strong industry 

connections, but we are not in the loop and suggestions 
are not passed on to us.” 

Three institutions referred to an increased use of computer 
software that industry requires students to be familiar with. 

Two institutions referred to introducing PBL and teaching in 
context in response to perceived industry and community 
requirements for increased levels of “soft” skills in engineering 
graduates. One institution spoke of moving to more specific 
mathematics requirements for each discipline. 

Only one institution spoke of an increase in mathematics 
content in response to industry requirements: 

“Probability and Stats has been increased to 50% of a 
second year unit.” 

Trevelyan (2007) found that engineers in the workplace are 
reluctant to use mathematical and analytical techniques learnt 
at university. This needs to be addressed, and engineers need 
to graduate comfortable with using mathematics in every 
day tasks. Referring to the economic benefits to employers of 
employees who are able to make more accurate predictions 
of performance and the financial benefits to employers of 
the reduction of uncertainty, the author also states that 
“engineering science almost entirely depends on mathematical 
analysis and representation and engineering science lies at the 
heart of both accurate prediction and the reliable delivery of 
practical solutions” (Trevelyan 2007).

The First Year
Backed by continuing research there is increasing recognition 
of the importance of the first year for undergraduate students 
and the effect of this year on attrition rates and the over 
all university experience. Krause et al (2005) found that the 
majority of school leavers do not believe that their final year 
at secondary school was good preparation for their university 
study and that university study did not build on what they have 
learnt at secondary school. 

With the increasing demand for engineers, changes to the 
higher education funding system and increased accountability 
of education providers, there are strong incentives to address 
attraction and retention of students. At the same time, the system 
has to cope with a decline in the number of Year 12 students 
taking higher level mathematics, a flattening of the number of 
domestic students attracted to engineering, an increasingly diverse 
(both academically and demographically) student body and a large 
amount of foundation material to be covered in first year. This 
all contributes to the first year being of particular importance in 
undergraduate engineering degree programs. 

McKenzie and Schweitzer (2001) examined the major predictors 
of academic success in tertiary education identified in previous 
research and found that study skills, integration into university, 
financial situation, career orientation and social support are all 
predictors of university performance in first year. This further 
highlights the importance of implementing a holistic approach to 
the transition from secondary to tertiary education. 

“The first year program [for the undergraduate engineering 
degree program] serves a number of purposes which typically 
include: a cultural and social transition for school leavers into 
higher education; the laying of the academic foundation upon 
which the individual grows and attains the desired graduate 
attributes as set by the program and by institution and 
professional accrediting bodies; and the beginning of formative 
development as a professional and citizen of tomorrow.” 
(Campbell et al, 2007)
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A number of universities are attempting to address these issues, 
for example The First Year Experience Project at UQ, First Year 
Engineering Review (FYER) at QUT, the development of the 
Engineering Foundation Year (EFY) at CUT, the adoption of the 
Melbourne Model in 2008 at the University of Melbourne, and 
the Plan for First Year Academic Orientation and Transition at 
Griffith University. 

Internal research at QUT has shown that the first year of an 
undergraduate degree program can have the most significant 
impact in terms of student experience, with evidence indicating 
that many students’ enthusiasm for the program is dampened 
by having to sit through more traditional classes in basic 
sciences (Campbell et al, 2007). In addition to this some 
mathematics lecturers noted that most failures in first year 
mathematics were attributed to students who miss the majority 
of scheduled classes.

Many of these reports have highlighted the importance of 
interdepartmental cooperation and collaboration to provide 
a coordinated approach to identifying struggling students, 
provide additional support for students requiring it and improve 
the overall first year experience for students. Many respondents 
to the questionnaire also indicated that much of the extra 
mathematics support offered to students was targeted at first 
year students. 

The Engineering Foundation Year was developed at CUT and 
it provides a good example of an effective method to address 
some of the challenges faced by universities. The EFY was 
developed to ensure that students gained the foundations 
for later discipline specific study in their engineering degree 
program, through a learning experience reflecting engineering 
practice and to aid the transition from secondary school 
to university. The EFY aims to give students experience in 
engineering fundamentals – competence in mathematics and 
computing, understanding the relationship between science 
and engineering, learning skills and professional practice. 

The curriculum comprises a set of inter-related units:

Engineering Foundations – design skills, creative thinking 
processes, the principles of engineering and the ability to 
communicate,

Engineering Science – the traditional subjects, the laws of 
physics and chemistry

Enabling Skills – mathematics and programming which provide 
the means by which engineers solve problems and provides the 
structured thinking. 

The mathematics curriculum for the EFY was designed through 
a series of meetings held by the EFY committee and engineering 
mathematics subject co-ordinators and chaired by the Dean of 
Learning and Teaching to develop a common understanding 
of the aims of engineering mathematics, giving mathematics 
and engineering staff joint ownership and agreement on the 
curriculum, with both parties having a clear understanding of 
what students will learn. Students are streamed into two groups 
according to their secondary school results, with both strands 
achieving common competencies. Engineering mathematics now 
gets a strong evaluation from students. In 2007 it was higher than 
for engineering subjects – 93% positive.

The EFY Studio provides learning facilities that engage students 
with the engineering profession, reflecting the layout of a 
modern office. It provides students with a communal area to 
study and project rooms for group study. Mathematics support 
is also offered in the EFY with lecturers and tutors available 

for a specified number of hours each week for any student 
requiring assistance. The Dean of Learning and Teaching 
holds student feedback sessions at the end of each semester 
to identify and deal with any issues that may arise. 

Many other institutions are implementing programs and 
support networks to aid the transition from secondary school 
to university, CUT provides an example of a holistic approach 
which has been seen to be effective with positive feedback 
from both students and academics. 

4.7 International Site Visits

4.7.1 United Kingdom
In the UK, the traditional pathway to a professional engineering 
career is a three-year first degree followed by a two-year masters 
degree. British academics have been involved in the European 
Society for Engineering Education (SEFI) that gives a clear guide 
to the mathematics curriculum (e.g. SEFI Working Group, 2002).

For example, in the core material to be learnt by all engineers, 
the following material is specified on the topic of complex 
numbers:

“As a result of learning this material you should be able to

state and use Euler’s formula•	
state and use de Moivre’s theorem for a rational index•	
find the roots of a complex number•	
link trigonometric and hyperbolic functions•	
describe regions in the plane by restricting the modulus •	
and/or the argument of a complex number.”

Since 2006, accreditation of engineering degrees in UK has 
been controlled by the Engineering Education Board (EAB). EAB 
specifications of mathematics learning outcomes are not nearly 
as detailed as those of SEFI but they are a little more detailed 
than those of Engineers Australia. For example, in the sample 
specification for the BEng(Hons) in Chemical Engineering:

“Knowledge and understanding of mathematical principles 
necessary to underpin their education in their engineering 
discipline and to enable them to apply mathematical 
methods, tools and notations proficiently in the analysis and 
solution of engineering problems.”

Loughborough University
The University originated from a small technical college, 
becoming Britain’s first technological university in 1966. 
It now has around 12,000 students. The Engineering 
Faculty has 3000 students and the estimated intake is 800 
students each year (Times Online, 15 August 2007 http://
www.timesonline.co.uk/tol/life_and_style/education/good_
university_guide/article2132360.ece).

Loughborough University is widely recognised as a world leader 
in mathematical education for engineering students. The 
University recognizes that mathematics education of engineers 
is an important and exacting task and that it is worthwhile to 
hire good people for that task and to provide the best available 
resources. This investment has been rewarded by additional 
government funding. The University is the lead organisation 
for 2 of the 74 Centres of Excellence for Teaching and Learning 
recently set up by the Higher Education Authority. These 
are the Engineering Centre for Excellence in Teaching and 
Learning [http://www.hefce.ac.uk/learning/tinits/cetl/final/show.
asp?id=23] and SIGMA - Centre for Excellence in Mathematics 
and Statistics Support [http://www.hefce.ac.uk/learning/tinits/
cetl/final/show.asp?id=24].
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The Sunday Times Online has ranked Loughborough University 
as 13th among universities in the UK. Rankings for specialist 
engineering programs at Loughborough University include: 
civil engineering at 11th, electrical engineering at 12th, and 
mechanical engineering at 12th [www.timesonline.co.uk].

A complete mathematics subject content for two engineering 
disciplines, electrical engineering and mechanical engineering, 
is provided in Appendix 1.

Mathematics Education Centre (MEC) at Loughborough 
University
The Mathematics Education Centre (MEC) manages teaching of 
mathematics subjects to engineering undergraduate students 
at Loughborough University. The centre supports Mathematical 
Learning Support Centre (MLSC), which offers support to any 
students needing help with basic mathematics. Students benefit 
from free resources, tuition and short courses in a drop-in basis. 
There are two drop-in centres, one housed in the MEC building 
and the other in the Mathematics building. Additionally MEC 
provides extensive mathematical support through HELM (Helping 
Engineers Learn Mathematics) network.

HELM
The HELM project, undertaken by five UK universities and led 
by Loughborough University, aims to enhance mathematical 
education of engineering undergraduate students, by providing 
a range of teaching and learning resources. These resources are 
available not only to the five institutions in the network but to 
any other institution that pays an annual registration fee. 

HELM resources include workbooks, web-delivered courseware 
and associated computer assisted assessment. The workbooks 
contain mathematical topics and exercises written specifically for 
engineering undergraduate students, and contain mathematics 
and statistics materials. These workbooks are world renowned 
because they are comprehensive, covering most conceivable 
topics at all levels of undergraduate engineering mathematics. 
There are also books containing a selection of Mathematics 
and Physics related problems, and advanced engineering case 
studies. In addition there is a student’s guidebook and tutor’s 
guidebook [http://mlsc.lboro.ac.uk/helm.php].

LTSN MathsTEAM 
Funded up to 2007 by the Learning and Teaching Support 
Network (LTSN), the LTSN MathsTEAM is a collaborative project 
between four subject centres (LTSN Maths, Stats & OR Network, 
LTSN Engineering, LTSN Physical Sciences and the UK Centre for 
Materials Education). 

The LTSN MathsTEAM recently surveyed the growing number 
of innovative teaching methods throughout the UK. Three 
booklets (listed below) have been published, each providing a 
comprehensive collection of case studies which describe the 
execution of the learning activities, the support needed, the 
implementation, the difficulties and evidence of success. 

Maths for Engineering and Science (LTSN MathsTEAM, •	
2003a)
Diagnostic Testing for Mathematics (LTSN MathsTEAM, •	
2003b) 
Maths Support for Students (LTSN MathsTEAM, 2003c)•	

4.7.2 USA
In the USA, most BE programs are of four years duration, 
including a number of breadth requirements for such areas 
as writing, foreign languages and cultural awareness. Most 

programs contain a significant number of mathematics 
requirements partly because the main accrediting agency ABET 
provides program criteria with explicit mathematical content. 
The criteria for electrical engineering programs include, 

“Programs containing the modifier ‘electrical’ in the title must 
also demonstrate that graduates have a knowledge of advanced 
mathematics, typically including differential equations, linear 
algebra, complex variables, and discrete mathematics.” 

The 2007-08 curriculum criteria for mechanical engineering 
include, 

“knowledge of chemistry and calculus‑based physics 
with depth in at least one; the ability to apply advanced 
mathematics through multivariate calculus and differential 
equations; familiarity with statistics and linear algebra”. 

Most programs include five or six compulsory single-semester 
mathematics subjects. However the first three of these are 
often introductory calculus, a second course in calculus, and 
multivariate calculus. Most engineering students have at least 
one of these courses waived after taking one or more of the 
subjects Advanced Placement Calculus 1,2,3 offered nationally 
to high school students. The current popularity of these courses 
forces many universities to adopt similar syllabi so that they can 
attract better students with credit for AP subjects. The fourth 
subject is traditionally a combination of differential equations 
and linear algebra and the fifth usually involves partial differential 
equations and/or numerical methods and/or statistics.

Duke University 
This is a private university, formed in 1926 but having evolved 
from a college that originated in 1838. It has only around 
6000 highly selected undergraduates but there is a higher 
number of students enrolled for postgraduate professional 
and higher degrees. Its most highly acclaimed engineering 
department is Biomedical Engineering, for example, ranked 
fourth nationally by Infozee [http://www.infozee.com/
channels/ms/usa/branch-rankings.htm]

Duke University’s Pratt School of Engineering offers the 
Bachelor of Science degree in four major engineering 
disciplines. All majors lead to the degree of Bachelor of 
Science in Engineering (BSE). Duke University’s engineering 
program is unashamedly science - based. 

Engineering students complete 4 basic mathematics subjects 
including Calculus 1, Calculus 2 and Intermediate Calculus 
which are taught in laboratory calculus courses, as well as 
Linear Algebra & Differential Equations. At the request of 
the Engineering faculty, the course in Linear Algebra and 
Differential Equations has a primary emphasis on Linear 
Algebra, with systems of ODEs as an application, rather than 
the other way around which is the conventional course in 
most American EE degree program. 

The separate course on Probability and Statistics replaces some 
material on numerical analysis, which is more common in 
American programs. Again this decision was made after close 
consultation with the Engineering Faculty. The course has 
proven to be popular among students.

A complete mathematics subject content for two engineering 
disciplines, electrical engineering and mechanical engineering, 
is provided in Appendix 1. 

The Department of Mathematics prides itself on being responsive 
to the expressed needs of the Pratt School of Engineering. 
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Laboratory Calculus Courses
Laboratory calculus courses were designed by the Department 
of Mathematics at Duke University in 1997 and have been 
active since then. They do not use specialised rooms. The 
laboratory work is done with scientific graphing calculators. 
Compared to traditional calculus courses, they focus on 
concepts and applications, rather than on mathematical rigour 
or on developing integration techniques. Students are graded 
on major tests, as well as lab report, lab quizzes, and homework 
quizzes (Blake and Reed, 2004). 

Unlike in many other universities, they use calculators as 
their only technical aid. This means that the students are 
not distracted by learning a new programming language. In 
American high schools, students are used to using graphics 
calculators on a day to day basis. 

The weekly calculus classes include three of 50-minutes and one 
laboratory class of an hour and forty-five minutes. During the 
class time the instructor will supervise group work and discussion, 
as well as give some explanations in a lecture format. 

University of Delaware 
The University of Delaware evolved from a college that originated 
in 1743 [http://www.udel.edu/]. It is a state-supported university 
but acts in some ways as a private institution; the State does not 
appoint members to its Board. The College of Engineering has 
around 1300 undergraduates and 500 students in professional 
and higher degree programs. The highest ranked engineering 
department is Chemical Engineering, for example ranked 9 
nationally by Infozee [http://www.infozee.com/channels/ms/usa/
branch-rankings.htm].

A complete mathematics subject content for two engineering 
disciplines, Electrical Engineering and Mechanical Engineering, 
is provided in Appendix 1.

The MEC Lab (Modeling, Experiment, and Computation)
The MEC lab is an experimental mathematics laboratory, where 
undergraduate students are involved in hands-on learning 
experience and mathematical modelling. The lab is not a 
computer lab; it is a wet or physical lab [http://www.math.udel.
edu/MECLAB/].

Regular and innovative courses, as well as research projects for 
both undergraduate and postgraduate students, run in this lab. 
Math 512 Math Modeling is one of the innovative courses, which 
is based on teamwork and problem-based techniques. This course 
is offered to mathematics majors but is very popular among the 
engineering students. It is a project-based course where students 
take up one project and work on it throughout the entire semester. 
Report writing is a significant component, so that completion of 
the course satisfies the University’s writing requirement.

The content of course covers mathematical topics including 
ordinary and partial differential equations, systems of 
differential equations, transforms, asymptotic and numerical 
methods. Prerequisites are a 300 or higher level course on 
differential equations. 

The course is designed for group work and focused on building 
on teamwork and, improving students’ speaking and writing 
skills. In the lab, students are able to assemble objects and 
watch them interact, take video recordings and formulate 
mathematical models. Students work on problems and some 
of the problems are associated with local companies. The final 
product of this class is a journal style paper, which is continually 
assessed and graded throughout the semester.

There is another approach to lab courses, where students still 
work in teams, as in the problem based learning technique. 
But the difference is that students work on a sequence of 
classic problems. This approach focuses on recreating classic 
experiments and reproducing classic mathematics, which could 
result in re-creation or something novel. 

Interdisciplinary undergraduate research

In some project-based learning activities, students from 
engineering or mathematics work in research teams with 
students from other disciplines. For example, in the MEC lab, 
mathematics students in MATH512 work on the same projects 
with other students in a food technology subject. 

4.8 Some Overseas Comparisons
The USA engineering accreditation board ABET and the European 
accreditation board SEFI are more definitive than the Australian 
accrediting body EA in specifying mathematics content in their 
criteria for program accreditation. Australia has not investigated 
how much influence SEFI has in the shaping of European and 
British curricula. However, ABET has considerable influence 
in USA engineering programs. Compared to their Australian 
counterparts, USA engineering students expect to spend more 
hours on subjects that concentrate on mathematics. Accreditation 
criteria of the British EAB are not so specific on mathematical 
content. Australia has not investigated the degree of variability of 
mathematics content in British engineering programs.

In the UK, there seems to be more general awareness of the 
problematic issues surrounding the attraction and retention of 
students in science, education and technology and on ways 
of improving their scholastic performance. Australia has no 
government-funded project comparable to HELM that was 
funded over a two year period by the British government with 
the sole aim of helping engineers learn mathematics. Australia 
has no organisation that disseminates such a wide variety of 
high quality teaching materials. In the recent past, there have 
been several British government-funded programs to support 
educational developments in these areas. The most prominent 
of these is the group of Centres for Excellence in Teaching and 
Learning, administered by the Higher Education Authority. 
So far, 74 Centres have been set up. Each of these has a lead 
institution but in many cases they involve networks of several 
institutions. The DBI initiative of the Carrick Institute has been a 
very significant development but not at the same magnitude. 

In the USA, the independent Carnegie Foundation for 
the Advancement of Teaching has been instrumental in 
encouraging new ideas. Its concept of a capstone course has 
been most influential (Boyer Commission, 2007)

In this model, the final year of a degree program includes 
a capstone course that draws on the students’ experience 
from a number of earlier subjects. It often involves some 
interdisciplinary investigation. In the Delaware MEC Lab, it has 
been found beneficial to combine an applied mathematics 
capstone course with that from another discipline. In Australia, 
there are many interesting multidisciplinary projects involving 
engineering students but the project has not discovered any 
involving mathematics majors. One of the limiting factors is the 
small number of mathematics majors. Across the OECD, 1% of 
university graduates have a mathematics major but in Australia, 
the figure is 0.4%. 

Some Australian universities have a long tradition of excellence 
in engineering education. Some have set up innovative 
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teaching and learning areas, sometimes assisted by sponsors 
in the engineering profession. However, in the current funding 
climate it is difficult to imagine an Australian university 
devoting as many resources to undergraduate mathematics 
and statistics support as has Loughborough University. Many 
American universities have large privately funded endowments 
from which they may support special initiatives in education. 
The UNIDEL Foundation helped to set up the MEC Lab in the 
Mathematical Sciences Department at University of Delaware. 
In USA, several mathematics departments have physical/
chemical labs for undergraduate project work but there are 
none planned in Australia. 

The National Science Foundation of the USA is able to fund 
Research Experience for Undergraduates as an item of budget 
within large research grant applications. In Australia, the 
Australian Research Council cannot fund undergraduate 
educational activities even when they relate to a research 
project. In fact the nexus between teaching and research 
is weakening because the current trend in universities is to 
remove the strongest researchers from the classroom so 
that they can devote themselves to the business of earning 
research income.

5. The Current State of Engineering Mathematics
Professional practice subjects such as project management, 
business management and finance are included as 
compulsory subjects largely at the expense of basic science 
subjects. While much mathematics is used indirectly in 
professional engineering practice there is growing concern 
that the majority of professional engineers in Australia are 
not confident in their mathematical abilities and consequently 
use little mathematics in their careers. While this is the 
case the majority of academic and professional engineers 
surveyed (and in available literature) nevertheless agree that 
it is essential for engineers to have a good grounding in 
mathematics including general logic and problem solving. 
Many important innovations may well be attributed to 
engineers who did use mathematics directly. One eminent 
applied scientist, a Fellow of the Academy of Technological 
Sciences and Engineering, wrote, 

“for all of the 4 National Research Priorities (Environment, 
Health, Wealth and Security) one could argue that 
Mathematical Modelling and Maths/Stats tools add 
considerable value (and indeed are even arguably 
indispensable ) as a basis for decision making, (possibly also for 
innovation).....And what about the old fashioned idea that the 
discipline of math modelling forces one to think clearly: (one) 
can’t get a math formulation otherwise.” 

There is particular concern from all quarters that engineering 
students enter the workplace lacking confidence in the use of 
statistical modelling and risk analysis. Confidence with these 
mathematical prediction techniques would have a number of 
economic benefits for employers (Trevelyan, 2007). 

Twenty years ago it was uncommon for an engineering 
degree program to contain as few as four semesters of 
mathematics. Now the average number of single semester 
mathematics subjects taken is 3.5. In most cases, this has 
meant that some mathematics topics have had to be removed 
from the compulsory part of the curriculum. However, there 
is widespread disagreement among professional engineers 
and among engineering educators on which mathematics 
and statistics topics should be included. This implies that 
some engineers have to be disappointed by the mathematics 
curriculum. This is a current problem for some mathematics 
departments. In some instances when two semesters of 
second year mathematics have been reduced to one, the 
content of the new single subject contains 60% or more 
of that which used to be covered in two subjects. The 
students are having trouble keeping pace, and they are 
becoming disaffected. The problem is minimised in those 
institutions where the engineering departments and the 
mathematics department have a formal joint committee that 

communicates openly and decides on a compromise in the 
mathematics curriculum on which both parties agree. 

It is fair to say that in general, only a very small number 
of single degree BE students are extensively trained in 
mathematics and statistics. These are students who choose 
mainly mathematics subjects as their optional subjects. A small 
but important number of students are enrolling in double 
degrees majoring in a mathematical or physical science. In 
at least three universities, the number of such students is 
sufficient to make up a separate class at second and third year 
levels. They are very well trained, and well suited for research 
but they pay a penalty of at least one year’s extra enrolment. 

There is an increasing expectation among engineering 
educators that mathematics should be taught in the context 
of good engineering examples. Many caution that moving 
to teaching all mathematics in context limits students’ ability 
to transfer it to different contexts, which is particularly 
problematic in large multi-specialisation/discipline lectures 
and classes. There are reports of effective subjects that teach 
mathematics out-of-context first, then provide students with 
in-context examples relevant to their specialisations, which are 
then covered in tutorials. Wood (2003) actually reports student 
dissatisfaction with a subject that taught mathematics through 
three in-context examples over one semester, with students 
struggling to transfer the mathematics to exam questions 
in other contexts. Britton et al (2005, 2007) also reported 
that less mathematically able students struggled applying 
mathematics out of the context in which they were taught. 

However, many mathematical techniques have been developed 
in response to problems in engineering, and mathematics 
educators should make reference to that context. In lectures 
delivered by mathematics departments, this is rarely happening. 
Mathematics departments continue to shrink, as they have 
done over the past ten years. According to our own census, in 
February 2008 there are 36 fewer academic mathematicians 
than there were in February 2007, a decrease of close to one 
per department. Many Australian mathematics departments 
employ applied mathematicians who have made contributions 
to engineering science; in many cases, due to scheduling 
difficulties, these people are not teaching engineering students.

At this time of relatively high economic prosperity, largely driven 
by high international demand for mineral exports, there is a 
high demand for qualified engineers. The Engineering Faculties 
hope to enrol around 10,000 new domestic students annually 
(Australian Council of Engineering Deans, 2008). Each year 
only about 60,000 students complete Year 12 intermediate 
and advanced mathematics; many of these enter fields 
other than engineering. In most Group of Eight Universities, 



Mathematics Education for 21st Century Engineering Students — Final Report28

the majority of domestic students entering undergraduate 
engineering programs have indeed completed Year 12 advanced 
mathematics but a significant minority of them have not. In 
most of the other 24 institutions awarding engineering degrees, 
this situation is reversed; students with a background of 
advanced mathematics are in the minority. Many undergraduate 
engineering program descriptions state that they assume 
students’ knowledge of intermediate Year 12 mathematics. 
However in many cases, they admit students with elementary 
Year 12 mathematics (still including a small amount of calculus). 
In some instances they admit students with no experience of 
calculus. There is also growth in admissions through alternative 
pathways such as TAFE. There has been strong growth in the 
intake of students from Asia. Usually, they are admitted only 
after their scholastic record has been well scrutinised, sometimes 
after they have completed a preliminary year of foundation 
studies. Their performance at university is usually at least as 
strong as that of the group of domestic entrants except when 
their English language skills are insufficient.

Students who have avoided mathematics at secondary school 
are likely to avoid the subject at university. Some mathematics 
lecturers demonstrated that most of their failures in first 
year mathematics were attributed to students who miss the 
majority of scheduled classes. Some of the non-attendances 
and incomplete assignments are attributable to competing 
demands from employers. Unlike 20 years ago, the majority 
of students are in paid outside employment. Even if they 
do regularly attend, students with weaker mathematics 
backgrounds are less likely to succeed, not only in future 
mathematics but also in mathematically based engineering 
subjects such as engineering mechanics. There is a high 
correlation between grades in mathematics and in mechanics. 
In fact, systematic studies in USA show that success in 
mathematics is a strong predictor for future success even in 
more remote subjects (Adelman, 1999, Rosenbaum, 2001).

Universities are responding to the greater diversity in 
students’ mathematics backgrounds in various ways, some 
by offering two streams of first year mathematics, some by 
offering pre-entry bridging courses, some by offering parallel 
developmental courses during semesters, many by extending 
hours of student drop-in help centres or email inquiry lines. 
Some are yet to decide. The problem demands attention. A 
small number of institutions have resolved to incorporate some 
of the mathematics learning within integrated problem-based 
learning groups. The learnt mathematics is then demonstrated 
in student project reports rather than in examination scripts. 

One problem then is that the instructors have less control over 
what mathematical topics are encountered. In the small number 
of subjects wherein this has been tried, there is reported a 
higher level of student satisfaction. Exciting a student in any 
area of engineering mathematics might be preferable to 
steering that student through a succession of 50% passes on 
examinations. Objective comparisons of the long-term learning 

from PBL and from more formal classes is difficult. The relative 
merits of each are likely to be debated for a number of years.

The change in the student body, both in expectation and 
widening ability levels is well documented and there is increasing 
recognition of the need for additional student support in the 
transition from secondary to tertiary education. Many students 
struggle with the change in teaching style of mathematics in 
tertiary education and often are unable to keep up with the 
pace without one-on-one support. There is some discussion of 
this change in teaching styles (particularly in mathematics) as a 
contributor to attrition rates in first year tertiary education, as 
students are able to miss lectures without being challenged and 
possibly find themselves unable to catch up. The introduction 
of the FYE at CUT saw a notable drop in the attrition rate of 
students and increased satisfaction with mathematics. 

Some universities have enormous enrolments of engineering 
students in first and second year mathematics. Some lecture 
classes have as many as 600 students in one theatre. In such 
large classes, it is all too easy for students to hide and not to 
ask for assistance when they really need it. Four universities 
have virtually solved this problem by running compulsory 
web-based quizzes. A lecturer is automatically alerted when a 
student does not complete the tests. The student can then be 
called in for counselling well before the deadline for dropping 
subjects. They have found that student performances have 
lifted since they introduced the system.

The increasing reductions of mathematics and statistics staff 
at Australian universities are leading to larger lecture groups 
of less well mathematically prepared students. The increased 
support required by these students for them to succeed is 
leaving mathematics and statistics staff over-stretched and 
unable to provide the small group contact time or one-on-one 
support previously available to students. Diagnostic software 
that allows (or enforces) the practice of mathematics as 
discussed in section 4.3.3, without added marking pressure 
on already overstretched mathematics and statistics staff, 
may provide an effective solution for many institutions, 
particularly in identifying those students who are struggling 
or unable to keep up. Some propose a co-ordinated approach 
to the introduction of CAA software in Australia (Hadgraft, 
2007,Keady et al, 2006), with some supporting a national 
database which may provide a bank of questions which 
educators may draw on for student assessment. 

From our observations, mathematics departments that are 
achieving high levels of satisfaction among engineering 
academics and their students, are those that have a formal 
mechanism for regular consultation and joint course planning, 
offer regular drop-in assistance for students outside of classes, 
and are flexible in designing assessment tasks for students 
with special needs.
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6. Vision Statement

Our vision is for an engineering mathematics education system that:

universally accepts the importance of some formal education in •	
mathematics,

caps the diversity of mathematics preparedness of incoming •	
students at the current level,

has some recognised pathway for a group of students to emerge •	
as 4‑year engineering graduates with exceptionally strong 
training in mathematics,

has joint ownership of curriculum design shared by mathematics •	
and engineering disciplines,

has a more open attitude to shared multidisciplinary teaching,•	

has an open national discussion forum on ways of better •	
engaging students, including ready access to helpful CAA 
systems,

involves mathematics academics with a good understanding of •	
the engineering context, and

has a flexible attitude in choice of assessment modes for students •	
who have previously lacked success in mathematics.
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7. Recommendations

The recommendations made here, build on innovations that we have identified around  
the country. They provide strategies to address the considerable challenges that emerge 
from the Section 5 The Current State of Engineering Mathematics.

The challenges are to achieve:

effective course design and delivery for an increasingly diverse •	
body of students, 

agreement in the selection of a limited number of topics in the •	
curriculum,

efficient monitoring of progress of, and formative feedback to, •	
large classes,

improved motivation of students by better relating mathematics •	
to the engineering context,

effective assistance to students with various academic •	
backgrounds, and

recognition by the mathematics and engineering departments •	
that these challenges are shared as a national problem, requiring 
sharing of ideas, joint development of learning and assessment 
materials, and joint strategies. 
 

7.1 Recommendation 1: assumed knowledge

That engineering programs should continue to state that students will be assumed to  
have knowledge of material covered in Year 12 Intermediate Mathematics, including  
some calculus. For those students entering without that knowledge, an additional 
developmental subject must precede the normal mathematics subjects.

	 •	 The	widening	diversity	of	incoming	students’	mathematical	preparedness	is	stretching	the	resources	of	the	teaching	
departments (see Sections 4.2, 4.3.1, 4.3.4). This recommendation would help to cap that diversity at its current level; 
otherwise the quality of the programs will be compromised.

	 •	 If	this	level	of	assumed	knowledge	were	removed,	then	it	would	likely	lead	to	a	further	reduction	of	enrolments	in	 
Year 12 Intermediate Mathematics (see Sec 4.1.2), decreasing the pool of mathematically well-trained school leavers 
from which Engineering Faculties traditionally draw students.

	 •	 For	a	definition	of	intermediate	Year	12	mathematics	and	a	state‑by‑state	comparison,	we	refer	to	Barrington	and	 
Brown (2005).

Action:  Associate Deans of Engineering (Teaching and Learning) or their equivalent to ensure that statements of assumed 
mathematical knowledge are included on all degree program descriptions, on web pages and in printed information.  
If these requirements are expected to be waived, then expectations of backgrounds of non-compliant students and  
their number should be conveyed to the mathematics department.

Action:  Mathematics Heads to delegate to appropriate lecturers, the task of appropriate course design for a developmental 
subject, if students without assumed knowledge are expected to be enrolled.
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7.2 Recommendation 2: designated quantitative stream

That in 4‑year BE programs with a first‑year intake of 140 or more, 15% or more of the 
places be reserved for a designated quantitative stream in which students must take 
at least 5 subjects of mathematics, statistics, theoretical computer science, quantitative 
finance and theoretical physics.

	 •	 It	is	important	for	practical	problem‑solving	capability,	for	innovative	design	and	for	underpinning	engineering	science	
research that we maintain at least a small output of engineering graduates who are extensively trained in mathematical 
modelling and mathematical methods (see Sections 2.2, 5).

	 •	 It	is	intended	that	students	in	the	quantitative	stream	will	major	in	one	of	the	existing	specialisations	of	engineering.	
However, students in the designated quantitative stream could be given a suggested outline of their program, with 
suggested subjects in quantitative sciences and quantitative engineering.

	 •	 The	indicative	figures	of	15%	of	an	intake	of	140	or	more	(typical	size	of	first	year	lecture	classes,	Section	4.5)	imply	
a special class of 20 or more, which should be feasible at second or third year level. The additional subjects may be 
pre-existing for mathematics or science students. They may be shared among institutions making use of available 
technology such as video conferencing and access grid rooms.

	 •	 The	inclusion	of	5	subjects	devoted	to	mathematical	material	is	significantly	more	than	the	average	of	3.5	in	current	
programs (Section 4.5) and it is comparable to the minimum engineering mathematics content for BE degrees in US 
research universities (Sections 4.7.2, 4.8).

Action:  Engineering departments to choose a list of preferred mathematical subject options for quantitative strand of their 
specialisation.

Action:  Engineering Faculties to make an information sheet on the quantitative strand of BE, and to promote it as an important option.

7.3 Recommendation 3: statistics and stochastic modelling

That a single one‑semester optional subject in statistics and stochastic modelling be made 
available to all engineering students who have completed three mathematics courses, if 
not already included in the syllabus.

	 •	 We have identified some unmet demand for training in relevant statistical and probabilistic methods (Sections 4.5, 4.6, 5). 

	 •	 From	our	survey,	in	several	universities,	a	relevant	course	in	statistics	and	stochastic	modelling	is	already	compulsory	for	
electrical, telecommunications and computer engineering students. Such a course should also be made available as an 
option for other specialisations.

Action:  Engineering Faculties to review probability, statistics, stochastic modelling and risk management courses currently 
available to their students and to convey their impressions to the mathematics departments.

Action:  Mathematics Departments to negotiate with Engineering Faculties to modify or design one subject in probability and 
statistics.

Action:  Engineering Faculties to designate on student guides a preferred optional subject in mathematics and statistics,

7.4 Recommendation 4: joint mathematics curriculum committees

That every engineering program has a joint mathematics curriculum committee that is 
responsible for determining mathematical topics to be covered. The committee should 
meet at least twice per year and it should have representatives from engineering, 
mathematics and statistics departments, as well as two students who have recently 
completed some engineering mathematics subjects.

	 •	 Difficult	decisions	must	be	made	on	which	mathematical	topics	to	omit	for	those	students	taking	the	minimum	number	
of mathematics subjects. It is essential to have good communication between the mathematics departments and the 
engineering departments so that curriculum decisions can be jointly owned (Section 4.6).

	 •	 In order to enhance communication, it is advisable to include from each of the serving and the client department, a senior 
academic with long experience in the needs of the subject at that institution.

Action:  Engineering Faculties and Mathematics Departments to write guidelines (including purpose, frequency of meetings, 
composition and means of selecting members) and form joint curriculum committees.
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7.5 Recommendation 5: collaborative teaching

That universities modify their internal financial allocation system so that no budgetary unit 
is penalised for taking part in genuine multidisciplinary collaborative teaching.

	 •	 There	is	a	demand	from	engineering	staff	and	students	to	relate	the	mathematics	material	more	to	the	engineering	
context (Sections 4.3.2,4.3.3). This will require staff expertise in both mathematics and engineering. One way to achieve 
this is through multidisciplinary team teaching. 

	 •	 Collaborative	teaching	activity	is	hampered	by	inter‑faculty	rivalries	fuelled	by	differential	funding	formulae	based	
on weighted equivalent full-time student units (Sections 4.5, 4.6). This is an unfortunate sub-optimal use of human 
resources: some engineers are well trained in mathematics and some mathematicians are expert in topics taught in 
engineering (e.g. dynamics, fluid mechanics, signal processing). 

	 •	 For	example	it	should	be	possible	to	modify	a	budgetary	system	so	that	if	two	mathematics	staff	teach	parts	of	two	
engineering courses and two engineers teach parts of mathematics courses, then neither of the collaborating faculties is 
penalised. 

Action:  Pro Vice-Chancellors (Teaching and Learning) or their equivalent to investigate ways of removing budgetary barriers 
to collaborative teaching. Perhaps make use of the extra mathematics income from the Discipline Funding Model 
announced in Federal Budget of 2007. 

7.6 Recommendation 6: engineering mathematics staff expertise 

That mathematics departments in BE or ME‑awarding institutions should identify which of 
their staff, if any, have knowledge of engineering applications. If this expertise is lacking, 
some future academic job advertisements should say that ability to teach mathematics in 
engineering contexts would be an advantage.

	 •	 Mathematics	staff	have	varying	levels	of	knowledge	of	engineering	applications.	From	site	visits,	we	have	learnt	that	
engineering mathematics courses are not always being taught by the most appropriate staff. 

	 •	 The	engineering	disciplines	are	arguably	the	most	important	clients	of	mathematics	departments	and	teaching	
engineering students should be recognised in a tangible manner as part of their core business.

Action:  Heads of Mathematics to designate on department home page, those staff with interests in engineering mathematics. If 
there are none, the issue should be discussed in Department meetings with a view to making such expertise a priority in 
future hiring.

7.7 Recommendation 7: on‑line formative assessment

That mathematics departments, assisted by the Australian Mathematical Sciences Institute 
and Australian Association for Engineering Education, investigate the introduction of 
automated systems of test generation, automatic marking and feedback, so that they can 
run compulsory on‑line quizzes during semesters for large engineering mathematics classes. 

	 •	 We	have	found	that	large	classes	are	performing	better	after	the	introduction	of	compulsory	on‑line	automatically	
generated quizzes with rapid feedback (Sections 4.3.3, 4.4). 

	 •	 Further	investigation	needs	to	be	made	on	preferred	computer	software	platforms	so	that	information	on	this	material	
can be better disseminated. 

Action:  AMSI and AAEE to form a project team to investigate compatibility of CAA software, to find the best means of providing 
a central item bank. 

Action:  AMSI to negotiate with HELM to subscribe to on-line testing service.

7.8 Recommendation 8: collaborative item bank

That engineering and mathematics teaching departments collaborate to provide a central 
bank of good examples of formative test questions, computer laboratory projects and 
curriculum resources.

	 •	 Site	visits	demonstrated	that	much	effort	is	being	duplicated	in	designing	formative	tests,	assignment	questions	and	
computer laboratory projects that clearly test learning objectives, relate to engineering needs and motivate inquiry 
(Sections 4.4, 4.7.1). 
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	 •	 Of	particular	interest	is	a	common	need	to	find	good	examples	of	mathematics	questions	in	the	engineering	context	
(Sections 4.3.2,4.3.3). 

	 •	 Also	of	particular	interest	is	a	common	need	to	write	questions	in	a	format	that	can	easily	be	implemented	on	CAL	
platforms (Sections 4.3.3, 4.4).

Action:  AMSI and AAEE to form a project team to solicit contributions of exemplary test items and curriculum resources and to 
set up a program of continual improvement of the item bank.

Action:  AMSI to negotiate with HELM to subscribe to obtain curriculum support booklets in subset bundles.

7.9 Recommendation 9: student help centres

That Engineering Faculties designate at least 4 common hours per week of class free time 
spread over 3 or more days and that servicing mathematics departments provide staff or 
senior students in student help centres at those times. 

	 •	 Education	of	diverse	student	groups	seems	to	be	working	better	when	student	drop‑in	centres	are	staffed	by	
mathematics instructors and/or senior peers at times when students are free (Sections 4.3.1, 4.7.1). Designating 
class-free hours for students is a scheduling problem that has to be negotiated among many departments.

	 •	 In	addition,	peer‑facilitated	support	sessions	for	selected	subjects	have	been	shown	to	improve	performance	(Section	
4.3.1).

Action:  Associate Deans of Engineering (Teaching and Learning) or their equivalent to schedule 4 hours of formal class-free time 
covering at least 3 days, for each of first year and second year engineering programs.

Action:  Associate Deans responsible for mathematics and engineering or their equivalent to investigate funding student drop-in 
centres.

7.10 Recommendation 10: boosting senior secondary school mathematics

That able students be more strongly encouraged to progress to subjects comparable to 
Intermediate Year 12 Mathematics of New South Wales and Victoria. 

	 •	 Many	correspondents	have	made	it	clear	that	improving	the	pipeline	to	engineering	mathematics	depends	on	reversing	
the decline of enrolments in Intermediate and Advanced Year 12 Mathematics in schools (Section 4.1.2, 4.2).

	 •	 An	information	campaign	is	necessary	on	the	breadth	of	employment	opportunities	opened	up	by	studying	mathematics	

Action: AMSI to confer with Engineers Australia to construct suitable careers guidance materials for schools and to plan broader 
publicity campaign.
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8. Linkages
An ongoing linkage has been formed between AMSI and AAEE to improve mathematics education for engineers. We are working 
together to reinvigorate an existing AAEE interest group in mathematical education. This interest group will be broadened to 
include members of the mathematics community who are not members of AAEE. We have received an encouraging response 
from the President of the Engineering Mathematics Group, an interest group of the Australian Mathematical Society, to 
coordinate the mathematicians’ participation.

The intention is for the interest group to set up an edited special interest web page on mathematical education in practical 
contexts. This page will have a discussion board as well as a collection of regularly contributed longer articles (e.g. one per 
month). 

AAEE has approached the Australasian Journal of Engineering Education to run a special guest-edited issue on engineering 
contexts for teaching mathematics. 

Another important linkage has been formed with the HELM network (Helping Engineers Learn Mathematics) for which the main node 
is based at Loughborough University in the UK. HELM has produced an extremely useful set of topic study guides that covers the 
whole range of mathematical topics encountered in engineering education.

9. Further Development
It is clear that many Australian mathematics departments face similar problems in engaging engineering students in mathematics. 
Our study has taken stock of the many curricular and pedagogical adaptations and innovations that are being introduced 
independently at various institutions. A more coordinated effort in educational development is needed at the national level 
in order for the mathematics discipline to maintain a good relationship with the engineering profession. When demonstrable 
improvements are made locally in engineering mathematics, there is every reason to spread the news.

We have found that mathematics departments are not often using modern applications as contexts in their teaching. As explained 
in Section 9, we are taking steps to inform our colleagues of some stimulating contexts that may be useful for this purpose. This 
will require further investigation and coordination.

In future we would like to provide a collection of examples of short topic test items that could be implemented on CAA software. 
We need to investigate the issue further before we can present this material in a format that is easily implemented on many software 
platforms. Alternatively we need to present the material so that it is aligned with a smaller number of preferred platforms. Our 
survey of which software packages are being used, has helped inform us. Some mathematical software is used more universally than 
we had anticipated, giving us scope for centralised development of teaching materials. However, more research and experimentation 
will need to be done before we can resolve this issue. 

We would like to maintain a repository of top quality student self-help guides that will enable lecturers to avoid duplication of 
effort. The HELM topic guides are excellent and we would like to adapt them for the Australian context. We would also like to 
provide a student’s abbreviated introduction to MATLAB and to other commonly used software packages. At this time, many 
universities are duplicating this effort and the guides are not being compared so that the best version can be synthesized.

We would also like to consult with experts to produce guides on: 

how to engage students in large classes•	
how to provide automatic diagnostic feedback•	
how to provide flexible assessment systems to give more students a chance to demonstrate their learning•	
how to write computer laboratory exercises for engineering students•	
how to steer problem-based-learning groups•	
how to design a multidisciplinary capstone course.•	

These questions have a research component because their answers are still being debated.
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Module Specification:
Here we summarise module specifications for mathematics for 
mechanical engineering students and Electrical engineering 
program, from descriptions provided by the Mathematics 
Education Centre at Lougborough University in January 2008. 
These specifications are fairly similar to those of the other 
engineering specialisations.

Mechanical Engineering program

Module Credit Pre req
Mathematics for Mechanical Eng (MAA 310) 20 None
Mathematics for Mechanical Eng 3 (MAB 110) 10 MAA310

Mechanical engineering students are required to study 1 
module in first year (20 Credits, around 74 contact hours 
run over 2 semesters) and one module (10 Credit, around 36 
contact hours run over 1 semester) in second year. 

MAA 310: Content of Mathematics for Mechanical 
Engineering 

Algebra of complex numbers, vectors and matrices. 

Solution of systems of linear equations: determinants, matrices 
and Gauss elimination. 

Iterative solution of nonlinear equations (Newton Raphson). 
Elementary functions including hyperbolic functions. 

Ordinary and partial differentiation: techniques and applications 
including stationary values and errors. Integration: analytical 
techniques and Simpson’s rule, applications (area, mean value, 
RMS, volumes of revolution). 

Ordinary differential equations: first order separable and 
linear equations, second order linear equations with constant 
coefficients, applications. Laplace transforms: application to 
solving ordinary differential equations. Sequences and series: 
infinite series, convergence, Binomial, Maclaurin and Taylor series.

Method of Teaching, Learning and Assessment

Total student effort for the module: 200 hours on average.

Teaching & Learning: A combination of 48 one-hour lectures 
and 26 one-hour tutorials* with the remaining time for private 
study, working on problem sheets and revision for exam.

*Tutorials are where no new material is covered. Either students 
work through problems and get help from the staff on hand or 
else the lecturer goes through worked examples. 

Assessment: Coursework: Eight computer-based or in class tests 
(8x5%= 40%). Summative Examination (60%) (3 hours).

MAB 110: Content of Mathematics for Mechanical 
Engineering 3 

Elementary probability and statistics. Matrix eigenvalue 
problems, with application to solutions of Ordinary Differential 
Equations, for example vibrating systems. 

Optimisation of functions of several variables, with and without 
constraints. Fourier series and partial differential equations.

Method of Teaching, Learning and Assessment

Total students effort for the module: 100 hours on average.

Teaching & Learning: A combination of 24 one-hour lectures 
and 12 one-hour tutorials with the remaining time for private 
study, working on coursework assignments and problem 
sheets and revision for exam.

Assessment: Coursework - 2 equal computer based tests 
(20%). Formal Examination (80%) (2 hours).

Electrical Engineering program

Modules Credit Pre- req

Mathematics A (MAA303) 15 None

Mathematics B (MAB303) 20 MAA303

Electrical engineering students are required to study 1 module 
(15 credit around 60 contact hours run over 2 semesters) in 
first year and 1 module (20 credit, around 36 contact hours 
run over 2 semesters) in second year.

Content of MAA303: Mathematics A 

Introduction to the module. Overview of basic techniques of 
arithmetic, algebra, functions, and trigonometry. 

Complex numbers: motivation, cartesian form, arithmetic.
Argand diagram, Polar form. Multiplication & division in polar 
form. Exponential form. Euler’s relations. De Moivre’s theorem 
and application to solving equations and finding roots. 

Application to Phasors. Determinants - evaluation and general 
properties (up to 3x3). Cramer’s rule as an application of 
determinants. Matrices: basic concepts and algebra (up to 
3x3). Square matrices. Adjoint . Inverse matrix. Systems of 
linear equations: solution by matrix inversion. Solution by 
Gaussian elimination.

Differentiation: rates of change, gradients of tangents to 
curves. Definition of derivative from first principles. Techniques: 
tables, rules, application to gradient of a curve, rates of 
change. Product, quotient and chain rules. Higher derivatives. 

Application to maxima and minima and curve sketching.

Applications to electromagnetism, circuit theory etc. 
Integration as the limit of a sum. Integration as the reverse 
of differentiation. Table of integrals. Evaluating definite 
integrals. Rules: sums, constant multiples, integration by parts. 
Integration by substitution. Integration using partial fractions. 
Applications of integration: areas, volumes, mean values, rms.

First order differential equations. Solution by direct integration 
and by separation of variables. First order linear equations: 
solution by integrating factor.

Introductory ideas in probability: events, Venn diagrams, 
compound events, independent events, mutually exclusive 
events.Laws of probability. Discrete and continuous random 
variables. Binomial, Poisson and Normal distributions.

Method of Teaching, Learning and Assessment

Total student effort for the module: 150 hours on average

Teaching & Learning: A combination of 54 one-hour 
lectures** with the remaining time for private study, working 
on problem sheets and revision for exam.

**The lecturer uses the lecture times to incorporate extra 
worked examples.

Appendix 1: Mathematical Content for Engineers at International 
Universities Visited
1.1 Loughborough University  
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Assessment: The coursework element comprises 5 
computer-based tests (5x5%=25%). Four of these will 
take place in Semester 1. In addition there will be 12 shorter 
computer based tests delivered throughout the module, of which 
the best 6 will be used (5%).

Summative Examination (70%) (2 hours).

Content of MAB303: Mathematics B 

Vectors: geometric vectors, addition, subtraction, scalar 
multiplication. Cartesian components of vectors. Scalar and vector 
products; triple products, applications. Eigenvalue problems.

Revise differential equations: basic ideas, terminology, 
motivation. Revise first order equations. Solution by direct 
integration and by separation of variables. First order linear 
equations: solution by integrating factor. Constant coefficient 
second order equations. Solution of a system of equations 
using an eigenvalue analysis.

Taylor’s theorem. Taylor series and Maclaurin series. Partial 
differentiation. Concepts, notation. Small increments and 
differentials. Taylor’s theorem in two variables. Stationary 
values of a function of two variables. Maxima, minima, saddle 
points. Least squares line of best fit. Introduction to the Laplace 
transform. Inversion. Application to the solution of differential 
equations.Introduction to Fourier series and the Fourier 

transform. Statistics - types of variable, describing distributions 
using measures of centre and spread, displaying data 
graphically, distribution of sample mean, unbiased estimators, 
hypothesis testing, type1, 2 errors, comparing differences of 
sample means. Mathematical description of linear dynamical 
systems arising in electrical and mechanical engineering 
using ordinary differential equations, transfer functions, and 
state-space models - state variables, input and output vectors, 
state, input, output and transmission matrices. Introduction to 
transfer functions used to relate the Laplace transforms of the 
input and output of a linear system.

Method of Teaching, Learning and Assessment

Total student effort for the module: 200 hours on average

Teaching & Learning: A combination of 54 one-hour lectures 
and 27 one-hour tutorials with the remaining time for private 
study, working on problem sheets and revision for exam.

Assessment: The coursework element comprises 5 
computer-based tests (5x5%=25%). Four of these will take 
place in Semester 1. In addition there will be 12 shorter 
computer based tests delivered throughout the module, of 
which the best 6 will be used (5%).

Formal Examination (70%) (2 hours).

1.2 Duke University

Mathematics requirements for Electrical & Mechanical Engineering 

Basic Maths Subjects for Electrical and Mechanical Engineering programs

Math 31 or 31L Introductory Calculus 1

Math 32 or 32L Introductory Calculus 2

Math 103 Intermediate Calculus

Math 107 Linear Algebra & Differential Equations

Advanced Maths Subjects for Mechanical Engineering program

Math 108 Ordinary & Partial Differential Equations

Advanced Maths Subjects for Electrical Engineering program

Math 108 Ordinary & Partial Differential Equations

Math 135/SAT 113 Probability & Statistics

Math 31 or 31L: Introductory/Laboratory Calculus 1.  
Functions, limits, continuity, trigonometric functions, 
techniques and applications of differentiation, indefinite and 
definite integrals, the fundamental theorem of calculus.  
Prerequisites: -none-

Math 32 or 32L: Introductory/Laboratory Calculus 2. 
Math 32: Introductory Calculus 2. Math 32 is a traditional 
calculus course. Transcendental functions, techniques and 
applications of integration, indeterminate forms, improper 
integrals, infinite series. 

Math 32L: Laboratory Calculus 2: Second semester of 
introductory/Laboratory calculus with a laboratory component. 
Emphasis on laboratory projects, group work, and written 
reports. Methods of integration, applications of integrals, 
functions defined by integration, improper integrals, 
introduction to probability and distributions, infinite series, 
Taylor polynomials, series solutions of differential equations, 
systems of differential equations, Fourier series.  
Prerequisites: Mathematics 31 or 31L.

Math 103: Intermediate Calculus. Partial differentiation, 
multiple integrals, and topics in differential and integral vector 
calculus, including Green’s theorem, the divergence theorem, 
and Stoke’s theorem.  
Prerequisites: Mathematics 32 or 32L.

Math 135 or STA 113: Probability and Statistics in 
engineering 
Math 135: Probability . Probability models, random variables 
with discrete and continuous distributions. Independence, 
joint distributions, conditional distributions. Expectations, 
functions of random variables, central limit theorem. 

STA 113: Statistics. Provides an introduction to probability, 
independence, conditional independence, Bayes’ theorem; 
discrete and continuous, univariate and multivariate 
distributions; linear and nonlinear transformations of random 
variables; classical and Bayesian inference, decision theory, and 
comparison of hypotheses; and experimental design, statistical 
quality control, and other applications in engineering. 
Prerequisites: Math 103.
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Math 107: Linear Algebra and Differential Equations 
Systems of linear equations, matrix operations, vector 
spaces, linear transformations, orthogonality, determinants, 
eigenvalues and eigenvectors, diagonalization, linear 
differential equations and systems with constant coefficients 
and applications, computer simulations. 

1.3 Delaware University

Mathematics requirements for Electrical & Mechanical Engineering 

Maths Subjects Electrical program

Math 241 Analytical Geometry & Calculus A

Math 242 Analytical Geometry & Calculus B

Math 243 Analytical Geometry & Calculus C

Math 341 Differential Equations with Linear Algebra I

Math 342 Differential Equations with Linear Algebra II

Maths subjects for Mechanical Engineering

Math 241 Analytical Geometry & Calculus A

Math 242 Analytical Geometry & Calculus B

Math 243 Analytical Geometry & Calculus C

Math 351 Engineering Maths I

Math 352 Engineering Maths II

Math 353 Engineering Maths III
 

Math 241: Analytical Geometry & Calculus A 
Functions, limits, continuity, derivatives and definite integrals. 
Exponential and log functions; simple differential equations 
modeling exponential growth and decay (linear and separable 
ODEs). 
Credit Hours: 4  
Requires two years of high school algebra, one year of 
geometry and trigonometry.

Math 242: Analytical Geometry & Calculus B  
Exponential and log functions; inverse trig functions; 
integration techniques; parametric curves; polar coordinates; 
infinite series. Includes use of the computer package, Maple, 
to perform symbolic, numerical and graphical analysis. 
Credit hours: 4 
Pre‑requisites: Math 241

Math 243: Analytical Geometry & Calculus C  
Vectors, operations on vectors, velocity and acceleration, 
partial derivatives, directional derivatives, optimization of 
functions of two or more variables, integration over two and 
three dimensional regions, line integrals, Green’s Theorem. 
Includes use of the computer package, Maple, to perform 
symbolic, numerical and graphical analysis. 
Credit hours: 4 
Pre‑requisites: Math 242

Math 341: Differential Equations with Linear Algebra I 
Topics include first and second order differential equations, 
systems of algebraic equations, determinants, vector spaces, 
eigenvalues and eigenvectors of matrices and systems of 
differential equations. Emphasis on the interaction between 
these topics and appropriate physical systems. 
Credit hours: 3 
Pre‑requisites: Math 242

Math 108: Ordinary and Partial Differential Equations 
First and second order ordinary differential equations 
with applications, Laplace transforms, series solutions 
and qualitative behavior, Fourier series, partial differential 
equations, boundary value problems, Sturm-Liouville theory. 

Math 342: Differential Equations with Linear Algebra II 
A continuation of MATH341. Topics include series solutions, 
Laplace transform methods, boundary value problems, 
orthogonality, higher order equations, difference equations 
and numerical techniques. Continued emphasis on the 
interaction between these topics and physical systems. 
Credit hours: 3 
Pre‑requisites: Math 341

Math 351: Engineering Mathematics I  
Solutions of linear algebraic equations, Gauss elimination, 
vector spaces, subspaces, linear dependence, linear ordinary 
differential equations of 2nd order and higher, initial value and 
boundary value problems, eigenvalues, coupled linear ordinary 
differential equations, nonlinear differential equations, with 
engineering applications.  
Credit hours: 3 
Co‑requisites: Math 243

Math 352: Engineering Mathematics II 
Laplace transform, application to constant coefficient ordinary 
differential equations, scalar and vector fields, Laplacian, 
line integrals, divergence theorem, Stokes’ theorem, Fourier 
series, orthogonality, diffusion equation, Laplace’s equation, 
wave equation, separation of variables, with engineering 
applications. 
Credit hours: 3 
Pre‑requisites: Math 351

Math 353: Engineering Mathematics III 
Numerical Methods in engineering, linear and non-linear 
algebraic equations, numerical solution of ordinary differential 
equations, Runge-Kutta methods, boundary value problems, 
finite differences, diffusion, Laplace equation, applications to 
engineering problems with programming. 
Credit hours: 3 
Pre‑requisites: Math 351
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Appendix 3: National Symposium on Mathematics Education for 21st 
Century Engineering Students
7th December 2007

Held at RMIT with 16 other Universities connected by a network of access grid rooms (AGRs). 

4.1 Symposium Description 
The symposium was to energise interest in the teaching of mathematics to engineering students, provide an opportunity for 
academics to showcase different innovative teaching practice, provide information on acclaimed international teaching and 
projects for the teaching of mathematics to engineers, create a forum for discussion and to improve and create interdisciplinary 
relationships between mathematics and engineering educators

4.2 Stakeholders 

Engineering academics teaching 
mathematics to engineering students

Gave several presentations. Many attended as delegates.

Mathematics academics teaching 
mathematics to engineering students

Gave several presentations. Many attended as delegates.

Council Of Deans Of Engineering The Carrick funded project Rethinking Engineering Education. The Project Manager 
for Rethinking Engineering Education (former Dean) gave an invited presentation of 
the projects findings.

Engineers Australia Associate Professor Roger Hadgraft was on the organising committee.
Employers of engineers Invited but unable to participate

4.3 Outcomes
The Symposium allowed for extensive discussion of strategies currently in use or planned for the teaching of mathematics to 
engineering students and to what extent these methods are improving learning outcomes. A number of different approaches 
were presented for scrutiny and extensive discussion. 

Greater interdisciplinary communication between mathematics and engineering departments was encouraged and promoted. 
Four engineering professors were involved in discussions – three in attendance, one via AGR. 

A better understanding of the necessary university mathematics was developed. The issue of which specific mathematics were 
necessary was raised after the first presentation and this resurfaced throughout the day with some degree of resolution. 

4.4 Unanticipated Outcomes
Working closely with the Carrick funded Addressing the Supply and Quality of Engineering Graduates for the New Century, 
sharing information and forging greater links between the mathematics and engineering communities.

At one time, 16 AGR nodes were connected remotely. This was an exemplary launch pad demonstration of the use of this facility 
in Australia. (See attached “AGR Screenshots”)

The presentations by the invited international speakers gave food for thought to a number of delegates. There is potential to link 
up with the UK HELM project (see below).

4.5 Evaluation
The success of the event was demonstrated by the attendance of in excess of 80 Mathematicians and Engineers from all regions 
of Australia. Several participants have asked for this symposium to become an annual occurrence. 

Written feedback: All participants felt that the international invited talks were Highly effective or effective in meeting the 
objectives of the symposium, the same feedback was received for the panel discussion. Half the respondents felt the contributed 
talks were highly effective or effective, some people felt that a couple of the contributed talks were disappointing. All respondents 
felt that overall the symposium was effective or highly effective in meeting its objectives. 

It was felt by respondents that as engineering mathematics courses are similar Australia wide there is scope for uniform change, 
however, respondents felt that it was a tall order for one symposium and that further symposiums and events are required. 
We are aware that one university has approached the HELM project in the UK following Martin Harrison’s talk and is hoping 
to introduce the HELM workbooks in the teaching of mathematics to engineers. AMSI is in negotiation with HELM about the 
possibility of arranging discounted access to their resources for Australian Universities. 

Suggestions for dissemination included articles in Math Gazette, a seminar at the ANZIAM conference, web and print, providing 
some form of resources that would attract people to the website and a publication of the proceedings. We are currently looking 
into all these courses of action.

Most respondents had not attended a previous Carrick event and said they would attend a similar subsequent event. 

Further comments from attendees were very positive, with requests for an annual engineering mathematics symposium and much 
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comment was made about the effectiveness of AGRs for events such as these. Australian speakers implementing more radical 
teaching and learning styles were requested.

Presentations, papers and and podcasts available online at: •	 http://www.amsi.org.au/carrick_seminar_program.php 

Some snapshots of the seminar in progress at multiple centres•	
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