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In this paper, we report on the findings of an exploratory study into the experience of students
as they learn first year engineering mathematics. Here we define engineering as the applica-
tion of mathematics and sciences to the building and design of projects for the use of society
[1]. Qualitative and quantitative data on students’ views of the relevance of their mathemat-
ics study to their engineering studies and future careers in engineering was collected. The
students described using a range of mathematics techniques (mathematics skills developed,
mathematics concepts applied to engineering and skills developed relevant for engineering)
for various usages (as a subject of study, a tool for other subjects or a tool for real world
problems). We found a number of themes relating to the design of mathematics engineer-
ing curriculum emerged from the data. These included the relevance of mathematics within
different engineering majors, the relevance of mathematics to future studies, the relevance
of learning mathematical rigour, and the effectiveness of problem solving tasks in conveying
the relevance of mathematics more effectively than other forms of assessment. We make rec-
ommendations for the design of engineering mathematics curriculum based on our findings.

Keywords: engineering, mathematics, curriculum, higher education, undergraduate

1. Introduction

Engineering can be defined as the “application of mathematics and sciences to the
building and design of projects for the use of society” [1]. Mathematics provides
training in rational thinking as well as tools for undertaking analysis to obtain
information about systems [2]. However, there are problems associated with the
role of mathematics in engineering, in particular related to attracting and retain-
ing students in engineering degrees. For instance, in recent years, the popularity
of engineering degrees among undergraduates has declined [3, 4], thought to be
due to a lack of understanding as to what engineering involves [3] and an insuffi-
cient mathematical preparedness [3–7]. Internationally, the mathematical skills of
incoming students to quantitative courses appears to have dropped [5, 6]. More-
over, very high attrition rates of up to 50% are experienced in some engineering
courses, due to difficulties encountered in the mathematical content of the degree
[8–11]. Suggestions have been made to provide a gentler introduction to studying
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mathematics at university by reviewing when and how much mathematical con-
tent is in the curriculum [5, 9]. We would argue that the recognition of the role
of mathematics in engineering is crucial for its relevance to be perceived by stu-
dents and hence to ensure that students take steps to overcome any mathematical
difficulties they encounter, promoting progression through the engineering degree.
This paper reports on a small scale, mixed methods study investigating first year
students’ views of the relevance of mathematics to their engineering degree and
future career.

1.1. The relationship of mathematics to engineering

The importance of mathematicians to engineering is recognised by organisations
such as the Engineering Council [7]. It has been argued that the competence of an
engineer rests, to a large degree in their mathematical training [12]. This training
is perceived differently by employers. For instance, some employers of engineering
graduates look for students to have a holistic awareness of mathematics while others
are keen that mathematics should instil a rigorous development of arguments [13].

With regard to how mathematics should be taught in engineering degrees, some
academics support the need for mathematical rigour/formality [13] while others
argue against it [12, 14]. Barry et al. support time being spent on mathematical
modelling problems that relate to engineering as well as addressing mathematical
communication skills, while Noskov argues for the student to gain an appreciation
for “how mathematical concepts, theorems, and methods relate to the student’s
future profession”. However care should be taken, as others argue that the student
perception of mathematics may be largely associated with repeated and explicit
use of rules and formulae and that this may obscure the role that thinking mathe-
matically plays in engineering practices [15].

The environment in which students are exposed to mathematical ideas has been
argued to play a large role in how they engage in mathematical thinking [16].
Without the explicit connection between theory and practice, the mathematical
content of engineering programs may not be seen by students as relevant. In general,
the literature strongly supports the use of problem based learning strategies where
students are required to engage in learning tasks that are relevant to profession
practice [17–20].

Mathematics departments often have responsibility for teaching mathematics to
engineering students. This may lead to the situation where engineering departments
have little idea of what mathematical content is presented to their students in the
standard prerequisite mathematics units [21]. Furthermore, there seems to be no
consistent, research-informed, view of how, what, when and by whom mathematics
should be taught to engineering students [7, 13, 21–23]. It could be argued that in
order for engineering students to see the relevance of mathematics that it would be
better for engineering departments to integrate mathematics into engineering units
rather than having separate mathematics subjects. On the other hand, others would
argue that experts, that is mathematicians, should be responsible for teaching
mathematics. A confounding issue is that many mathematics departments depend
heavily on income from service teaching and would be reluctant to hand over
teaching of the mathematics component of engineering courses [7, 13, 23, 24].

It is in the interests of both mathematics and engineering academics to un-
derstand how students view the relevance of mathematics to engineering. This
understanding can then inform curriculum design to engage students in applying
mathematics to engineering.
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1.2. Engineering mathematics teaching methods and curriculum design

Contemporary curriculum theorists argue that the connection between theory and
practice can be developed using authentic teaching and learning approaches [17].
Henderson et al. reviewed the major teaching approaches typically adopted within
Australian universities by mathematics departments who service teach into engi-
neering degrees. They found that the four most common methods were problem-
based learning, multi-disciplinary approach, computer based methods and strate-
gies that specifically address variability in the mathematically preparedness of in-
coming students [25]. The authors comment that it is “difficult to engage, educate
to a common level and demonstrate the relevance of maths to an increasingly di-
verse student body”.

Within engineering curricula, a strong emphasis is placed on problem solving
skills whereby students are required to formulate a problem, carry out mathemat-
ical analysis and interpret the results within an engineering context [26]. Cardella
argues that engineering students should be taught to mathematically model, check
for uncertainty in the mathematical models they design, and to check for errors
when using mathematical tools [16]. There is also support for an increased focus on
the use of software packages and data analysis tools by practicing engineers, which
are yet to be reflected in mathematical courses [4, 25]. However, this perceived
lack of alignment was viewed differently by engineering students who rated the use
of mathematical software as least useful among the mathematical skills taught to
them [4].

If engineering students do not see the importance of mathematics to their studies
or their future professional practice, then regardless of what approach to curricu-
lum is employed, student interest is likely to be low. Booth suggested that there
are three main ways that engineering students experience the process of learning
mathematics: 1) as a subject of study, 2) as a tool for other subjects of study and
3) as a tool for dealing with real world problems [27]. Thus, in this paper we in-
vestigate how students view the relevance of mathematics to engineering and how
they experience the process of learning mathematics from these three perspectives.

2. Context

This study focuses on how engineering students viewed the relevance of the math-
ematical ideas they learned in a first year engineering mathematics course at an
Australian university. The aim of the course was for students to apply mathe-
matical techniques to engineering problems. The students’ ability to apply their
knowledge was assessed using quizzes and exams. In addition, a problem solving as-
signment allowed students to tackle detailed, unseen questions that required them
to use other resources besides those provided for them as part of the course. The
assignment was designed to extend students’ thinking in three major topics covered
during the semester:

(1) Multiple integrals – students were asked to investigate the use of multiple
integrals to find the centre of gravity, an important concept in engineering
projects.

(2) Vector calculus – students were required to solve a much generalised pro-
jectile motion question to obtain relationships between angle of projection
and maximum distance covered by the projectile.

(3) Partial differential equations – students were required to derive the heat
equation in spherical coordinates from the general heat equation. They are
also asked to verify that a given function is a solution to the equation.
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There were 193 students that completed course.

3. Research methods

The research reported here from one first year engineering mathematics course
should be seen as exploratory. Further research would naturally be required in
order to make solid general conclusions regarding how engineering students see the
relevance of mathematics to their future studies and careers. The conclusions in
this study are of relevance to the Australian context and to other similar university
contexts.

Both qualitative and quantitative data were collected. Three data collection tools
were administered towards the end of semester. First, 27 students (of the 193
students who completed the course) provided short written answers anonymously
to the following questions:

(1) The skills I have developed through taking mathematics units at university
include:

(2) The ways in which the skills that I have developed through learning math-
ematics are relevant to engineering are:

(3) In general, I would say that mathematical concepts are applied to engineer-
ing in the following ways:

Second, individual in depth interviews were conducted with five students. Stu-
dents were asked questions related to how they saw the relevance of mathematics
to their future study and career. The interview questions included the following:

(1) What knowledge and skills do you feel are assumed when you come into
the engineering degree?

(2) How do you see the relevance of learning mathematics in an engineering
degree?

(3) How do you think you will use what you’ve learned in mathematics units
in the future?

(4) What would you say that you gain out of seeing and doing formal mathe-
matics?

Last, 34 students (of the 193 students who finished the course) completed a
questionnaire asking them to rate how strongly they agreed (strongly agree, agree,
neutral, disagree or strongly disagree) with statements that related to the research
question. The full questionnaire is presented in Table 1.

3.1. Data analysis

The qualitative (interview and short written response) data were analysed in a
number of ways. One analysis method consisted of looking for levels of sophisti-
cation in the way students saw (or didn’t see) the relevance of mathematics to
engineering. These views were drawn from Booth [27] where mathematics is seen:

(1) as a subject of study;
(2) as a tool for other subjects of study (both for study and in the world at

large);
(3) as a tool for dealing with real world problems.

If a student mentioned the relevance of learning mathematics as an end in itself
(i.e., to pass the exam), we coded this response as the first view. If the student
mentioned using mathematics for other subjects such as physics we coded their
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Table 1. The student questionnaire.

Statement SA A N D SD

I can see how the mathematics skills that I am currently developing
will be useful in an engineering career.
Being integrated with other first year mathematics students helps me
to get a better understanding of the uses of mathematics as a whole
rather than just in the engineering fields.
The ways of thinking being taught to me as part of this unit will
remain with me long after I graduate.
I feel that this unit teaches me how to formulate and solve problems
that are directly related to engineering.
This unit exposes me to ideas which I know I will need later on in my
engineering degree.
I see being able to communicate effectively using mathematical argu-
ments as an important skill to have.
The formal and rigorous aspects of mathematics that I seen in this
unit are important for my future engineering career.
For me, I only want to learn what I feel is likely to be assessed.
At some stage during my degree I have been so overwhelmed by math-
ematical content that I have considered withdrawing from my engi-
neering degree.

response as the second view. If they mentioned using mathematics to understand
more about professional practice in engineering, we coded their response as the
third view. A further analysis involved teasing out the concrete aspects that stu-
dents mentioned as:

(1) mathematical skills developed;
(2) mathematical concepts applied to engineering;
(3) skills developed relevant to engineering.

Where we have reported the results from the anonymous short written questions
we have distinguished the students as S1, S2 and so on. Where we have reported
the results from the interviews we have distinguished the students as S1 interview
and so on.

Furthermore, we found some themes emerging from the data that provided an
insight in mathematics for engineering curriculum design. We have reported these
as themes below in the discussion section.

4. Results

The results indicated that there was a range of understanding of the relevance of
mathematics to engineering, and the perception of mathematics per se.

4.1. Relevance of mathematics to engineering

The majority of students either agreed or strongly agreed that mathematics is rel-
evant to their future career and study (see Table 2). The highest ratings were for
the skills being taught in the course (ways of thinking 82%, ideas 79%, mathemat-
ical skills 76%, communicating using mathematical arguments 94%). The lowest
agreement (59%) was regarding the success of the course in teaching students how
to formulate and solve problems that are directly related to engineering.

It was apparent from the interviews that students varied in the levels in which
they perceived the relevance of studying mathematics to engineering. Some stu-
dents did not see the relevance, while some saw the relevance for their university
study of engineering but did not necessarily have an awareness of using mathemat-
ics in the industry. Others were able to see the relevance to professional practice.
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Table 2. The results of the questionnaire that related to relevance of mathematics to future career and study.

Question D or SD N A or SA

I can see how the mathematics skills that I am currently devel-
oping will be useful in an engineering career.

1 6 27

The ways of thinking being taught to me as part of this unit
will remain with me long after I graduate.

0 6 28

I feel that this unit teaches me how to formulate and solve prob-
lems that are directly related to engineering.

4 10 20

This unit exposes me to ideas which I know I will need later on
in my engineering degree.

2 6 26

I see being able to communicate effectively using mathematical
arguments as an important skill to have.

0 2 32

For example, student 1 struggled to find the practical application of mathematics
to engineering and made no mention of how it might relate to engineering sub-
jects or his future career. However, he was able to see the relationship between
mathematics to his physics subjects:

[I don’t see the relevance] all that much. As with all maths, I just sometimes don’t see
the practical applications. I have seen some, which was refreshing, more than at high
school at least. There are points where the maths that I do in the maths course which
actually helps with the other units. Knowing the formula that they use in physics
was gained by integration and derivation. So if I were to not remember the formula,
I could find it myself. So it’s really finding out how to find out what you want to do.
(S1 interview)

By contrast, students 2-5 were able to relate their maths learning to engineering
with varying levels of sophistication. It is clear from the responses below that
several students have formed an identity in relation to a field of engineering, and
they are able to relate the mathematics they need to the course that related to
the field. For instance, student 2 linked his study of mathematics to engineering
subjects: “I’m doing the civil calculations for our groups ... and there is a lot of
maths involved.”

Well, I’m definitely going to [do] civil and I’m working at structural analysis in crane.
Lots of truss analysis and things like that and for design and another subject, it’s
quite a bit of calculations. I’m doing the civil calculations for our groups on it and
there is a lot of maths involved. There is a lot of integration, differentiation, calculus
I do say, but it’s also general knowledge of a lot of forces calculating things like that.
(S2 interview)

It depends. For example, since mechatronics is a combination of mechanical, electronic
and software, so when it comes to mechanical stuff, there will be problems that we
need to deal with like calculation. For example, calculation of the forces, reaction
forces. Maybe sometimes we might be going to more advanced sort of stuff? Where
we require vectors and matrices, we actually do complex calculation. (S4 interview)

Other students could relate mathematics concepts to engineering, but did not
specify a particular field. For instance, student 3 mentioned how mathematics was
relevant in a university setting, specifically in an engineering control subject.

Oh, yeah, math is important; it is related with my interest about the control, because
in a control subject that I have learnt in my Indonesian University it depends on,
very important mathematics, especially for Laplace transform. I need some integral
form, derivative form and combining them. (S3 interview)

Student 4 was aware that there might be applications outside of a university
setting: “when it comes to mechanical stuff, there will be problems that we need
to deal with like calculation”, however it is student 5 who makes explicit how she
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thinks mathematics will be used in her future career: “I think yeah that I would
need derivation. It’s also good with reasoning. So when you have to explain to
your boss this is how I came to it”. It should be noted that student 5 was the
only student who had completed a significant amount of work experience with an
engineering company.

If you get the whole concept of derivation of formulas, it’s good because when you’re
setting up programs or modelling, that’s what they call them, modelling on Excel,
if you know what the whole concept of derivation you can actually derive your own
formula from a bunch of other formulas to suit whatever’s required in the project,
whatever value that you need to come to or some analysis. So I think yeah that I
would need derivation. It’s also good with reasoning. So when you have to explain to
your boss this is how I came to it. It’s always good to have like whenever you have a
project you have the software and you also have your design working pad. It’s good to
have those preliminary calculations and have it filed again because if something goes
wrong you go into that file, grab out those calculations, and from those derivation
techniques you can reason out why you’ve come to that value and why the structure
has failed or why do you think it’s not your fault. (S5 interview)

4.2. Perception of mathematics

The three views of mathematics: 1) as a subject of study, 2) as a tool for other
subjects of study (both for study and in the world at large), and 3) as a tool for
dealing with real world problems were evident in all of the data collected. In this
section, we present our analysis of the short written answers in relation to the three
views (see Table 3). The students described a range of techniques (mathematics
skills developed, mathematics concepts applied to engineering and skills developed
relevant for engineering) for various usage (as a subject of study, a tool for other
subjects or a tool for real world problems).

Students mentioned mathematics skills such as integration and differentiation
(as a subject of study), higher level calculus (as a tool for other subjects) and de-
riving formulae (as a tool for real world problems). Comment was also made as to
mathematical concepts applied to engineering at each level of use such as problem
solving, calculation of engineering quantities and modelling outputs of equipment.
Lastly, skills that were relevant to engineering were mentioned including calculat-
ing areas, analysing electrical currents and learning multiple ways to approach a
problem.

4.3. Discussion of curriculum issues

There are a number of aspects relating to curriculum issues raised by students in
this study. We have presented these below in themes and discussed them in relation
to the literature. These themes are: 1) the difference in perceived importance of
mathematics within different engineering majors, 2) the difficulty in seeing the rel-
evance of mathematics to future studies, 3) learning through problem solving tasks
4) the relevance of formal/rigourous mathematics and 5) assessment in engineering
mathematics. We present these themes with a view to providing suggestions and
considerations for curriculum designers.

4.3.1. Theme 1: Relevance of mathematics within different engineering majors

A difference in student perception of mathematics was found between engineering
majors by Coupland et al., who suggested that mechanical engineering students
appear to see the relevance of mathematics more than the other engineering fields
[4]. This is also noted in other research [2]. However, in this study we found several
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Table 3. Analysis of short written responses in relation to the three views of mathematics.

Mathematics skills de-
veloped

Mathematics concepts
applied to engineering

Skills developed rele-
vant to engineering

Subject of study Rules of integration and
differentiation. Multi-
differentiation. (S1)

Solving problems. (S12) Finding areas under
graphs and stuff. (S1)

Lots of integration and dif-
ferentiation. Finding areas
by integration. Lots of the-
ory. Multivariable calcu-
lus. (S10)

The emphasis of practicing
questions to become good
at them. (S14)

Integration, differentia-
tion, finding areas and
volumes, critical points,
multivariable calculus.
(S11)

Tool for other subjects
of study

Improved knowledge and
skills of calculus. Problem
solving. (S4)

We need them because a
lot of engineering is based
on maths. Like finding
forces and stuff. (S1)

Finding forces in members
in different truss designs.
Good use in electrical en-
gineering unit I am taking.
(S17)

Higher level calculus skills
and understanding. Bet-
ter understanding of vec-
tors and other important
concepts relative to en-
gineering. Improved prob-
lem solving skills. (S13)

Working out electrical in-
formation such as power
in alternating current and
other electrical concept
use integration and differ-
entiation. (S3)

Good for the electrical en-
gineering subject with DC
and AC current. Helpful
when finding forces in a
truss structure. (S16)

By applying the maths
concepts to engineering
problems. (S2)
Electrical things. Physics
things are only very simple
maths. (S9)

Tool for dealing with
real world problems

I can derive something in a
formula instead of remem-
bering a lot of formulas.
(S20)

Density calculations, cen-
tre of gravity, heat, pres-
sure, projectile motion.
(S2)

Engineers need several
ways to solve/approach a
problem. (S13)

Analysing outputs of
equipment and designs.
(S8)
Modelling real life used in
computer programs. (S18)

Calculation of velocity,
distance (range) and time
taken for the object to
reach maximum height
and ground level. When
designing a structure we
need to know the centre
of mass is order to design
a system that would
distribute the load and
ensure the stability in the
structure. (S24)

instances where students mentioned electrical engineering concepts with respect to
the relevance of mathematics:

Power in alternating current and other electrical concepts. (S6):

Some engineers need maths, others don’t. For electrical engineering. I want to do civil
though, so I feel its help for me is more to do with algebra. (S14)

DC and AC current. (S16)

I think 80% of Math is useful for Electrical Engineering” (S3 interview)

Such observations would indicate that it is important to make the links to other
engineering fields more explicit.
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4.3.2. Theme 2: Relevance of mathematics to future studies

In previous research it has been found that first year engineering students cannot
yet appreciate the connection between their experiences in mathematics and their
later engineering subjects [4]. This finding was supported in our study, for example:

It is not easy to answer as first years will not know (S3)

I don’t see how most of the skills I have learnt apply. (S3)

I really don’t know right now. I guess you never really know until you need it. (S10)

However, as reported in Table 2, 76% of students who responded to the student
questionnaire claimed that the mathematical unit they were currently studying had
exposed them to ideas they would need later in their degree. Furthermore, 82% said
that the ways of thinking would remain with them after they had graduated and
79% that the ideas will be useful in an engineering career. On the other hand, only
59% of students thought that the unit exposed them to real engineering problems.

Sazhin states that “mathematics is a language for expressing physical, chemical
and engineering laws” [28]. Therefore, we would argue that regardless of the type
of engineering a student is studying (e.g. mechanical, civil, electrical), it is essential
that mathematics be a fundamental component of their degree program. Typically,
mathematics units comprise 25% of the first year subjects in an engineering degree
[25]. However, Mustoe notes that it is problematic to expose engineering students
to mathematical rigour in the first year of university before the student has been
given a sense of where the techniques apply [7]. Furthermore, it is possible that
students could forget the content of first year units by the time they get to the
final years of their degree [20]. We found in our study that students could see the
importance of studying mathematics in first year and beyond.

Yeah, it has to be in the first year I think because math is the foundation of engi-
neering. Because before we studied engineering, because the lecturing in engineering,
they don’t have to teach about the foundation of math. (S3 interview)

I think it should be both...Yeah, so when we do the math, we can see the application
of the unit. When, in the same semester, we can see it, actually, how it actually works
in the unit. We need a topic. (S4 interview)

I think they should be in the first year. The whole concept of center of gravity and
all that projectile motion. Because in the second year units then the students will
diverse into their own schools and they will go into depth on the designs. That whole
concept of center of gravity, that’s just the basics. I think that’s just a basic for the
whole calculation thing and then when they go into their own separate schools then
they go in depth. (S5 interview)

However, we cannot take for granted that engineering students see the relevance
for themselves, especially when they are in their first year of study. We would argue
that it is important to emphasise the relevance at every opportunity. Furthermore,
relevance should be embedded in curricula by designing mathematical subjects in
collaboration with engineering staff [2, 16].

4.3.3. Theme 3: Students learn applications better through problem solving tasks

It is likely that the most effective way to teach mathematics to engineering
students is to present mathematics in terms of concepts that students already
understand: physical, chemical and engineering laws. As Sazhin states, engineer-
ing students “learn physical concepts much easier than mathematical concepts”
[28]. An appropriate balance should be made between the abstract understanding
of mathematical concepts that the students will need in their future careers and
numerical, practical examples that the students can more easily relate to.
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It would follow, then, that mathematics departments must work closely with
engineering departments to ensure that the mathematics relates directly to what
the students are likely to need later in their degree, and in industry [7]. Cardella
notes that the problem solving skills that are taught to engineering students in
mathematics subjects might be used later on in their degree and/or career [16].

We found that the applications of mathematics that had remained with the stu-
dents were typically the ones from problem-solving tasks, rather than the numerous
ones discussed during the lectures. For example the students mentioned:

Centre of gravity, heat, pressure, projectile motion. (S2)

Density, mass and volume. Centre of gravity. Vectors and movement. (S23)

Calculation of velocity and distance, centre of gravity, projectile motion. (S24)

Furthermore, in the short written questions the students commonly mentioned
“problem solving skills” as what they had learnt in mathematics subjects (Students
2, 4, 5, 12, 13, 15, 21). The student interviews revealed a similar view of the
importance of problem solving skills:

Center of gravity because you need to know the center of gravity when you are
designing for structures, buildings, and all that stuff. Projectile motion as well. (S5
interview)

The problem solving task is more useful [than examinations]. (S3 interview)

These findings are consistent with the idea that mathematics can be used as a
tool for other subjects of study (both for study and in the world at large), and as
a tool for dealing with real world problems as reported earlier in this paper.

4.3.4. Theme 4: Relevance of learning mathematical rigour/formality

The role of mathematical rigour in engineering courses is highly debated [12–14].
The engineering students in this study were learning mathematics from mathe-
maticians in a unit along side undergraduate mathematics students. However, as
Humphrey Davies argues, we need to keep in mind that it is possible that engineer-
ing students are not “natural mathematicians”, therefore it is important to keep
the formal mathematical aspects to a reasonable level [29]. It was apparent from
the questionnaire that students saw the value of learning mathematical rigour in
this context. For instance, 68% of students thought that the rigorous aspects of
mathematics would be important to them in the future. Furthermore, 44% of stu-
dents supported being integrated with the undergraduate mathematics students.
Students commented that the formal side of mathematics they were shown as part
of their degree was useful:

Yes, sort of, because math actually makes your head start to think quickly. The more
of this you do it, the more perfect calculation you will be getting. (S4 interview)

If you know what the whole concept of derivation you can actually derive your own
formula from a bunch of other formulas to suit whatever’s required in the project,
whatever value that you need to come to or some analysis. (S5 interview)

These findings seem to support the practice of using mathematicians to teach en-
gineering students alongside mathematics students. However, as mentioned above,
mathematics departments and engineering departments need to work closely to-
gether to reinforce the relevance of learning mathematical rigour.

4.3.5. Theme 5: Assessment in mathematics for engineering subjects

In mathematics subjects the traditional assessment is a heavily weighted final
examination. However, this may not be the most appropriate assessment for engi-
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neering mathematics subjects [25, 28]. The questionnaire revealed that over 30% of
students had been so overwhelmed with the mathematical parts of their degree that
they had considered withdrawing from their degree. This might be related to the
format of assessment in engineering mathematics subjects. For instance, student
18 commented that “between [my other mathematics unit] and this unit, I have
lost all enjoyment of doing maths. This is largely due to the difficulty of the final
exam”. However the interviews revealed a mixed response to the high percentage
exam (60%):

I think the exam is a good thing to be about half, half the total assessment (S2
interview)

Well, because, problem-solving task is, we can open the books, open the sources, but
in examination we don’t, because maybe we are just provided with the formula, but
60% are from our brain, where we have learned from (S3 interview)

Probably exam [is better]. (S4 interview)

I think it’s good. I think yeah, exams, to my understanding, it keeps up the [quality]
of students. (S5 interview)

4.4. Recommendations for mathematics engineering curricula

Mathematics is a vital part of any engineering degree [28]. It is evident from this
study that students generally see the relevance of mathematics to engineering.
Furthermore, they are able to see mathematics as 1) a subject of study, 2) as a
tool for other subjects of study (both for study and in the world at large), and 3)
as a tool for dealing with real world problems. We would argue that mathematics
engineering curricula should be designed to specifically target using mathematics
as a tool for dealing with real world problems.

The literature strongly supports the use of problem-based learning [18–20, 30].
The benefits of using problem based learning in engineering mathematics are that
the student can be expected to deal with a level of formality which they might not
be familiar with and that would not be appropriate to assess under examination
conditions. Furthermore, the investigation of a complex mathematical problem can
be self-directed.

A unified approach between mathematics and engineering departments is crucial
if we are to have any hope of influencing how engineering students see the use of
mathematics in their degrees and future careers [2, 4, 16, 21]. In fact, there is often
significant differences in the mathematical terminology and notation adopted by
engineering and mathematics lecturers [4, 21]. In this case, there is little wonder
why students often fail to see the relevance of what they are taught in mathematics
units.

Thus, we recommend that for students to see the relevance of mathematics to en-
gineering there should be close collaboration between mathematics and engineering
departments in designing curricula based around problem solving tasks.
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