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Contextual questions and their implications for engineering
undergraduates’ attitudes towards mathematics

Lydia J. Buckingham
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ABSTRACT ARTICLE HISTORY
When teaching mathematics to undergraduate engineers, questions Received 25 June 2024
may be written in an abstract, mathematical way or in an engi- KEYWORDS

neering context. Existing mathematics modules for engineers vary Higher education;

widely in this regard, with contextualisation integral to some mod- engineering education;
ules but entirely absent from others. Contextual questions are gen- service mathematics;
erally considered to be beneficial for students’ motivation to study interdisciplinary; contextual
mathematics, which is often problematically low, as they emphasise questions; student

the relevance of mathematics for engineering. However, contextual perceptions; motivation;

questions are also difficult and time-consuming for service-teaching ~ 2ttitudes

mathematicians to create in large quantities, without the questions
becoming contrived or irrelevant. In this study, | consider a com-
promise in which small numbers of contextual questions are incor-
porated into mathematics modules for undergraduate engineers. |
investigate the implications of this for students’ interest in and moti-
vation to study mathematics. | find that even a small number of such
questions can improve students’ attitudes towards mathematics and
that students also overwhelmingly favour the inclusion of at least
some contextual questions in their mathematics modules. | there-
fore suggest that it is not enough for students to see applications
of mathematics in engineering-specific modules later in their course,
but that they should ideally also be exposed to contextual problems
when learning mathematical skills.

1. Introduction

Mathematics is a key component of all undergraduate engineering courses (Alpers et al.,
2013; Pepin et al., 2021; The Quality Assurance Agency for Higher Education, 2023) but
how this mathematics is taught varies considerably both within and between institutions
(Czocher, 2017; Harris et al., 2015; Pepin et al., 2021). In particular, mathematics modules
for engineers are often delivered by mathematicians with little or no experience in the field
of engineering (Bingolbali & Ozmantar, 2009; Harris et al., 2015; Pepin et al., 2021). These
service-teaching mathematicians may tailor their modules to the fact that they are teaching
engineering students to varying extents (Bingolbali & Ozmantar, 2009; Bolstad et al., 2022;
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Czocher, 2017; Harris et al., 2015; Klymchuk & Spooner, 2020; Scanlan, 1985) or they may
teach in an entirely non-contextual, mathematical way and leave all engineering applica-
tions to be covered separately in modules taught by engineers (Harris et al., 2015; Loch
& Lamborn, 2016; Sijmkens et al., 2024). One of the most common ways in which lectur-
ers seek to customise their modules for engineering students is by including contextual
questions and examples (Bolstad et al., 2022; Czocher, 2017; Harris et al., 2015; Klymchuk
& Spooner, 2020; Sijmkens et al., 2024; Wolf, 2017). These may be presented in exactly
the same way as purely mathematical questions but with each variable given a physical
interpretation, or the contextualisation may be more detailed and include units, physically
realistic numerical values, descriptions of experiments or real-world engineering scenarios
and require the use of engineering principles as well as mathematical skills (Wolf & Biehler,
2016). Contextual questions may be used sparingly, appearing as one question at the end
of a problem sheet or one example at the start of a topic (Czocher, 2017; Sijmkens et al.,
2024), or they may be integral to a module and be included at every stage: in learning new
mathematics content, practising it and in assessments (Czocher, 2017; Mathias et al., 2024).

Contextual questions have been shown to be beneficial for engineering students’ inter-
est, motivation, engagement and attainment in mathematics (Bolstad et al., 2022; Gijsbers
& Pepin, 2017; Harris et al., 2015; Lishchynska et al., 2023; Mathias et al., 2024; Tossavainen
et al., 2021). However, it can be very challenging for lecturers to include large quanti-
ties of contextual questions in their modules without the questions becoming repetitive
or irrelevant (Harris et al., 2015; Mathias et al., 2024; Schmidt & Winslow, 2021; Willcox &
Bounova, 2004; Yeatts & Hundhausen, 1992). One way to mitigate against this is by includ-
ing a smaller number of contextual questions or examples. This could be done, for instance,
by starting each topic with one or two contextual examples or by finishing each topic with
a 30-minute discussion based on a short exercise of contextual practice questions.

In this study, I aim to explore the following questions:

(1) Canshortinterventions (of up to 30 min) focussed on contextual questions improve
engineering students’ interest in and motivation to study mathematics?

(2) What are engineering students’ preferences in terms of the extent to which contex-
tual questions should be included in their mathematics modules?

I'will first describe an intervention where half of the students on a purely non-contextual
mathematics module for first-year undergraduate electrical engineers spent a seminar
exploring contextual questions, whereas the other half saw only non-contextual questions. I
will then describe an extension to the study comparing two larger cohorts of first-year engi-
neering students taking different mathematics modules who had either seen no contextual
examples or only a small number. I will then compare the levels of interest which these
different groups of students have in studying mathematics and explore their preferences
for contextual versus non-contextual problems.

2. Literature review
2.1. Types of contextual task

There are many different ways of incorporating engineering contexts into mathematics
problems. Vos (2020) describes three different classifications of such problems: dressed
up tasks (where the question is presented in context but the need for answering it is not
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justified); tasks with realistic contexts (where the question and its answer have some use
within the context); and tasks with authentic contexts (where the context is presented using
realistic information and sources). An additional classification described by Forman and
Steen (2002) is tasks embedded in real contexts (where the question is more open-ended
and there is no single approach to answering the question). Throughout this paper, I will
use the term ‘contextual questions’ to refer to all of these types of problems, although I will
mainly focus on dressed up tasks.

2.2. Students’ attitudes towards mathematics

Engineering undergraduates vary widely in their attitudes towards mathematics, which
depend considerably on their reasons for studying it. Eccles (1983) categorise students’
motivation to study mathematics in terms of intrinsic value (studying mathematics because
it is interesting in its own right), attainment value (studying mathematics because it is
important to be considered good at it) and utility value (studying mathematics because
it will be useful for the future). These different motivations, as well as the student’s per-
ceived cost of studying mathematics (for example, the time and effort required) combine
to influence their overall attitudes and performance, with undergraduate engineering stu-
dents shown previously to have higher performance if their perceptions of the utility and
intrinsic values of mathematics are high (Tossavainen et al., 2021).

2.3. Impacts of contextual questions

Unfortunately, many engineering undergraduates consider mathematics to have low
intrinsic and utility value and cannot see its relevance to their degrees and future careers
(Goold, 2015; Harris et al., 2015). Contextual questions have been proposed as a way to
make the connections between mathematics and engineering more explicit and so increase
students’ appreciation for the utility value of mathematics (Bolstad et al., 2022; Gijsbers &
Pepin, 2017; Harris et al., 2015; Lepellere, 2022; Mathias et al., 2024; Wolf, 2017). This
may, in turn, have a positive effect on the intrinsic value of mathematics as these students
have chosen to study engineering and so generally find engineering applications interest-
ing and enjoyable to study. By increasing the intrinsic and utility value of mathematics,
contextual questions may consequently improve students’ motivation to study mathemat-
ics (Lishchynska et al., 2023). For example, Mathias et al. (2024) investigated the impact of
employing a subject-specialist to create problem sheet tasks embedded in real contexts and
deliver applications-based seminars to undergraduate earth sciences students, alongside
lectures taught by a mathematician, and found that this approach led to significantly higher
student satisfaction than when the module was taught by a mathematician alone. Moreover,
Wolf (2017) found that providing engineering undergraduates with weekly discipline-
specific tasks with authentic contexts increased their motivation to study mathematics.
However, Klymchuk and Spooner (2020) found that there are still engineering students
who describe purely abstract questions as more relevant and useful than dressed up con-
textual tasks. In particular, contextual questions may fail to inspire interest in mathematics
if the specific contexts being used are not interesting to the individual students, who may all
have very different opinions of what contextual scenarios are engaging and useful (Beswick,
2011; Wolf, 2017).
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In general, however, contextual questions have been found to improve students’ moti-
vation to study mathematics, which can in turn have strong, positive effects on their
enjoyment, engagement and attainment (Lishchynska et al., 2023; Mathias et al., 2024;
Tossavainen et al., 2021). For instance, Mathias et al. (2024) found that student attainment
improved by 10% in their mathematics module’s final assessment when taught by both
a subject specialist and a mathematician, compared to previous years when it had been
taught by a mathematician alone. Similarly, Tossavainen et al. (2021) categorised engineer-
ing students based on the utility value they placed on mathematics and found that students
who saw mathematics as useful for describing the real world scored 68% higher on a set of
mathematics exercises than those who did not (the groups had average scores of 7.09 and
4.21 marks respectively).

Contextual questions can also be helpful for teaching students how to apply their math-
ematical knowledge and infer which skills are needed to solve problems. These are crucial
skills for engineers (Cardella, 2008; Healey, 2005) but students often find them very dif-
ficult unless they have specifically been taught how to approach contextual tasks (Rezaei
& Asghary, 2024; Sijmkens et al., 2024). These skills can be improved by demonstrating
to students the relevance of mathematics through more contextualised teaching (Faulkner
etal.,, 2019). In some cases, however, contextual questions may not provide this benefit, par-
ticularly if the questions are posed in such a way that the context is not necessary to answer
the question, as many students will then not stop to consider the connections between the
mathematics and the context (Greer, 1997; Wolf & Biehler, 2016). Conversely, if the con-
text is more integral to the question, such as in the case of tasks embedded in real contexts,
some students may rely too heavily on the context and neglect the intended mathematical
steps, which also leads to a disconnect between the mathematical skills and the context
and, most likely, an incorrect answer. There is evidence that female and working-class stu-
dents are more likely to infer too much from the context of contextual questions (Beswick,
2011) and so, if such questions are assessed, this could generate unwanted inequalities.

Learning to solve contextual problems is clearly an important skill for engineers, but it is
one which they often find very challenging. Many students, particularly those who struggle
with mathematical skills, find contextual questions significantly more difficult than non-
contextual questions (Harris et al., 2015; Klymchuk & Spooner, 2020; Sijmkens et al., 2024).
Many engineering students find mathematics the most challenging part of their course,
with some students dropping out of their degrees because of their struggles with mathemat-
ics (Van Dyken et al., 2015). The inclusion of contextual questions could compound this
problem, with the greater level of difficulty reducing confidence, causing anxiety and lead-
ing to more polarised outcomes. Indeed, there is evidence that many students would prefer
their mathematics modules to be entirely non-contextual for this reason, despite finding
contextual questions more interesting and useful than non-contextual ones (Klymchuk &
Spooner, 2020). Contextual mathematics questions are also generally less familiar to stu-
dents than non-contextual ones, as school-level mathematics in the UK does not generally
focus on applications of mathematics (Harris et al., 2015).

Contextual questions can also help students to develop intuition about mathematical
concepts. This is demonstrated by Sijmkens et al. (2024), who found that students had a bet-
ter conceptual understanding of differential equations as representing rates of change when
they were taught using dressed up tasks, as opposed to non-contextual questions. Similarly,
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Czocher (2017) found that continually emphasising real-world applications when teach-
ing differential equations can deepen students’ understanding of the relationship between
the equations and their solutions. This may be because contextualisation provides more
concrete examples of how the mathematical theory applies in situations which are already
familiar to the students; students can then build their conceptual understanding upon this
more familiar, concrete foundation (De Bock et al., 2011).

In many cases where contextual questions are omitted from mathematics modules, this
is done with the view that they are not necessary because students will see the applica-
tions of their mathematics skills later on in modules taught by expert engineers (Bolstad
et al., 2022; Faulkner et al., 2020). However, in these cases, students often fail to notice
the connections between their mathematics learning and its engineering applications and
still believe the mathematics they have learnt to be irrelevant, even after they have been
exposed to its engineering applications (Coupland et al., 2008; Harris et al., 2015; Pepin
et al., 2021). This may be due to significant periods of time passing between the teaching
of the mathematics skills and their applications (Faulkner et al., 2020; Flegg et al., 2012;
Tsui & Khan, 2023) or it may be because the notations and conventions used by mathe-
maticians and engineers are quite different and so the same topic may appear differently
to students when taught in different modules (Flegg et al., 2012; Pepin et al., 2021; Tsui
& Khan, 2023). This has consequences for students’ ability to transfer their mathematical
knowledge to engineering problems, as students who are less appreciative of the usefulness
of mathematics are less likely to be able to identify real-world scenarios where mathemat-
ics might be useful (Faulkner et al., 2020; Goold, 2015; Harris et al., 2015; Klymchuk &
Spooner, 2020). As this is one of the key objectives in teaching mathematics to engineering
students in the first place (Faulkner et al., 2019; Flegg et al., 2012; Goold & Devitt, 2012),
it is clearly problematic when students lack this skill. Indicating the future uses of mathe-
matical content through contextual questions at the time when the mathematics is taught
may help to reduce this problem.

2.4. Difficulties of including contextual questions

Unfortunately, including contextual questions is often challenging for the module lecturer,
particularly if they are a service-teaching mathematician with very little knowledge or
experience of engineering. In this case, contextual questions may be very time-consuming
to write, the contexts chosen may be inappropriate or irrelevant for the students being
taught or the lecturer may use the engineering context incorrectly. There is evidence that
service-teaching lecturers find writing contextual questions very challenging (Harris et al.,
2015; Mathias et al., 2024; Schmidt & Winslow, 2021; Willcox & Bounova, 2004; Yeatts &
Hundhausen, 1992) and hence it is very easy for questions to become contrived, repetitive,
too mathematically simple or too mathematically demanding. However, there is also evi-
dence that mathematicians can produce effective contextual questions (Harris et al., 2015;
Schmitz & Ostsieker, 2020), particularly when they have good communication with the
engineering departments concerned. It should be noted that using textbooks to source con-
textual questions does not always provide an effective solution as many resources utilise a
wide range of engineering contexts, many of which may be too advanced or too specific to
one particular engineering discipline to be of any interest or relevance to the students on
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a given module, and mathematicians are likely to struggle to identify these issues without
wider knowledge of their students’ course of study (Schmitz & Ostsieker, 2020).

2.5. Suggestions for using contextual tasks

In light of these advantages and potential problems, a number of sources have made sugges-
tions about how service-teaching mathematicians should approach the use of contextual
questions. Wolf and Biehler (2016) suggest six key principles for designing good contextual
tasks for mechanical engineering students: include appropriate mathematical skills which
appear in a conspicuous way; make the relevance to engineering clear and include units
and realistic physical values; ensure that both the mathematics and the context are neces-
sary to complete the question; avoid excessively long questions and unnecessary amounts
of text; provide any engineering knowledge which the students will require unless it is very
familiar to them already; and consider how the question will develop students’ abilities to
complete similar tasks in the future.

Some studies suggest using contextual questions only after students are comfortable
with the necessary mathematical content to reduce their level of difficulty (Harris et al.,
2015) but others advocate for using contextual questions from the beginning of the learn-
ing process to increase motivation from the outset (Beswick, 2011; Bolstad et al., 2022;
Lishchynska et al., 2023). For instance, Bolstad et al. (2022) introduced a mathematics
module for engineers in which applications were emphasised early in the learning process.
They found that this increased the percentage of students who claimed to understand the
importance of mathematics for engineering from 77% to 99%, compared to a year when
applications were not integral to the module.

Another suggestion which appears in the literature advocates for the use of contextual
questions which are specific to the engineering discipline of the students being taught,
as students are likely to be more interested in and motivated by contexts which they see
as directly relevant to their own future studies and potential careers (Bolstad et al., 2022;
Schmitz & Ostsieker, 2020; Wolf, 2017). Indeed, Wolf (2017) introduced contextual home-
work tasks related to mechanical engineering when teaching a mixed cohort of mechanical
and industrial engineering students and found that, although the mechanical engineering
students reported an increase in motivation, no increase was observed for the industrial
engineering students. Similarly, Schmitz and Ostsieker (2020) used a contextual question
based on content from an energy and infrastructure engineering course with a mixed
cohort of engineers and found that it was viewed as most interesting, motivational and
authentic by the students studying this specific engineering course.

Another recommendation given in the literature is to incorporate contextual questions
into assessments to emphasise their value (Flegg et al., 2012; Schmidt & Winslow, 2021;
Wolf, 2017). In particular, Wolf (2017) found that students showed increased motiva-
tion to study mathematics after working on tasks with authentic contexts, but that this
motivation fell again once students were told that such tasks would not be included in
their assessments. Various studies have also suggested that service-teaching mathemati-
cians should collaborate with engineers to ensure that contexts are appropriate for their
students (Faulkner et al., 2020; Mathias et al., 2024; Schmitz & Ostsieker, 2020). This sug-
gestion may be implemented in different ways, as demonstrated by Mathias et al. (2024),
who describe a situation in which subject-specialist lecturers were responsible for writing
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mathematics exercise sheets and delivering seminars, and Schmitz and Ostsieker (2020),
who taught first-year engineers using contextual questions written by engineering students
in later years of study. Both of these approaches received positive responses from students.
Contextual examples and questions are not the only way to incorporate engineer-
ing applications into mathematics modules. Some university courses include longer
modelling-based projects in which students investigate open-ended questions relating to
engineering practice (Christensen, 2008; Harterich et al., 2012; Schmidt & Winslow, 2021).
This approach provides some additional benefits, such as allowing students to choose
a project which is closely tailored to their interests (Schmidt & Winslow, 2021), giving
them opportunities to practise choosing between different possible methods (Harterich
et al., 2012) and perhaps developing group-work and presentation skills (Harterich et al.,
2012; Schmidt & Winslow, 2021). However, creating and supervising high-quality projects
requires a huge amount of staff time and effort (Schmidt & Winslow, 2021) and students can
find less-structured assignments much more difficult (Harterich et al., 2012). An alternative
approach is explored by Goold (2015) and Lepellere (2022), who directly tasked students
with exploring how the mathematics they had learnt might be used by professional engi-
neers. This showed promise in increasing students’ interest in mathematics (Goold, 2015),
although the students also found it time-consuming and difficult (Lepellere, 2022).

2.6. Summary

The literature demonstrates that there are benefits to introducing engineering students
to the applications of mathematics through contextual questions and examples, which
suggests that the common approach of teaching mathematics with no reference to its
applications may not be ideal. However, these studies generally consider the impacts of
using contextual questions on a large scale. Clearly, integrating applications extensively
into mathematics modules for engineers and scientists poses challenges due to the sub-
stantial workload required to ensure that examples, exercises and assessment questions are
based on realistic and relevant contexts. Decreasing the quantity of contextual questions
would clearly reduce this workload but very little is known about the effects of using con-
textualisation on a smaller scale. In this study, I will attempt to determine whether small
numbers of contextual questions can benefit students’ attitudes towards mathematics.

3. Methods
3.1. Background

The study participants were first-year engineering undergraduate students at a UK univer-
sity, studying three different second-semester mathematics modules, each of which catered
for a different engineering discipline. I will refer to these modules as Module E (electri-
cal engineering), Module M (mechanical engineering) and Module A (aeronautical and
automotive engineering).

In its current form, Module E contains no contextualisation whatsoever on the first
topic covered (integration) and a small amount on subsequent topics. Students attend two
50-minute whole-cohort lectures per week for twelve weeks, in which they are taught the
content of the module. Students also attend one 50-minute seminar per week, in which
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Table 1. Summary of research participants and the mathematics modules they were taking at the time
of the study.

Module E Module E
Seminar Group 1 Seminar Group 2 Module M Module A
Engineering Electrical Electrical Mechanical Aeronautical and
Discipline automotive
Prior Mathematical ~Average score of 80.2% Average score of 79.6%  Typical entry Typical entry
Attainment on first-semester on first-semester requirements: requirements:
mathematics mathematics A-Level grades AAB A-Level grades AAB
examination examination (including (including
mathematics) mathematics)
Prior Engagement  63.8% seminar 67.8% seminar
in the Module attendance attendance
Extent of Contextu- None Approximately 30 min ~ None Includes calculations of
alisation of the of one seminar centres of mass. Half
Integration devoted to practice of one lecture
Topic questions in an devoted to
electrical examples in various
engineering context. engineering
contexts.
Number of 22 18 29 63

Participants

they practise the content they have been taught and consider additional examples, with the
support of the lecturer. Half of the students were allocated to seminar group 1 and the other
half allocated to seminar group 2. The students are allocated to the seminar groups at ran-
dom. In particular, the prior mathematical attainment levels of the two groups in the year
in question were very consistent, as were the prior levels of attendance of the students who
participated in the study from each group (see Table 1). The integration topic in Module
E consists of a typical set of introductory components (see Appendix 1). The students had
not previously been shown engineering applications of these topics.

The integration topic of Module M also includes no contextualisation whatsoever and
covers very similar mathematical content to that taught in Module E, with the addition of
solving second-order linear differential equations with constant coefficients.

In Module A, however, the integration topic begins with one 50-minute introduc-
tory lecture, which includes providing motivation through some contextual examples (see
Appendix 2). Subsequently, the only other time that any contextualisation appears in this
topic is when the formula for calculating centres of mass is given. Otherwise, the content
covered is very similar to that taught in Module M.

The degree programmes taken by the students studying Module M and Module A have
the same entry requirements, including the same grades required in mathematics (see
Table 1). As such, the students taking Module M and Module A have similar mathemat-
ical backgrounds and have studied the same content on integration through very similar
teaching methods, with the exception of Module M’s introductory session.

First-year undergraduates were used for the study because they have generally had very
little prior exposure to engineering applications of mathematics. The electrical engineering
cohort was chosen because of the seminar structure of their mathematics module (Module
E), which allowed half of the students to see contextual questions whilst the other half
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did not. The mechanical and aeronautical engineering cohorts were chosen because their
mathematics modules (Modules M and A) were very similar, apart from the difference in
their inclusion of contextual questions.

3.2. Study design

This study was approved by the university’s ethics committee.

In order to explore students’ interest in and motivation to study mathematics, I chose
to focus on one specific area of mathematics for which I could control the extent of the
students’ exposure to contextualisation and applications. Specifically, I chose the topic of
integration and differential equations as this is an area of mathematics which many differ-
ent engineering cohorts study but of which first-year undergraduates have generally not
yet seen engineering applications (Gonzalez-Martin, 2021). Moreover, students on differ-
ent engineering courses usually study very similar mathematical content on integration
and there are many relevant and not overly complicated contexts in a variety of engineer-
ing fields where integration can be applied (Horwitz & Ebrahimpour, 2002; Wolf & Biehler,
2016).

To determine the effects of small numbers of contextual questions, I designed an exercise
sheet containing eight questions on integration and differential equations, dressed up in
electrical engineering contexts. I chose to use dressed up tasks because they are the simplest
type of contextual question for lecturers to write, as they require less detailed knowledge
of the engineering contexts than other types of contextual questions. Also, my aim was to
consider the effects of small interventions using contextual questions, in contrast to some
previous studies which looked at the impacts of larger interventions using tasks embedded
in real contexts or tasks with authentic contexts (Mathias et al., 2024; Wolf, 2017). Short,
dressed up tasks are generally quicker for students to complete than these more detailed
types of contextual questions and so were more appropriate for my study.

As well as writing contextual exercises, I also created a corresponding set of non-
contextual questions which required the same mathematical working. The questions on
these sheets covered a range of content from throughout the integration topic. The ques-
tions contained all of the information required to answer them which did not relate
specifically to the mathematical skills taught in the module. Although there is evidence that
encouraging students to apply both their mathematical skills and engineering knowledge
simultaneously improves their modelling skills and provides a more authentic experience
of using mathematics (Rezaei & Asghary, 2024), I decided to prioritise practice of the math-
ematical content of the module. The full set of contextual and non-contextual questions is
provided in Appendix 3 and an example is shown in Figure 1.

I then trialled the following intervention. Students taking Module E (electrical engi-
neering) in seminar group 2 worked on the contextual exercise sheet during one seminar
immediately after finishing the integration topic of the module. I led this seminar myself,
encouraging the students to attempt the questions individually or in pairs before discussing
some of the more challenging aspects of the questions with the group. This intervention
lasted approximately 30 min. During the same week, the students in seminar group 1 took
part in an identical seminar but were given the non-contextual exercise sheet. In order to
minimise any unfair advantage which the students in one or other of the seminar groups
might have derived from the study, I ensured that both sets of questions were provided



10 L.J. BUCKINGHAM

A B

The power (measured in Watts) produced by a battery is
given by P(t) = 10 + (t — 3)e’ at time t seconds. The
work done by the battery (W, measured in Joules)
between times t; and t, satisfies:

Evaluate:

2
f (10 + (x — 3)e¥) dx
0

t;
W= P(t)dt
t
! Give your answer to two decimal places.
Find the work done by this battery between timest = 0

and t = 2. Give your answer to two decimal places.

Figure 1. An example of a contextual question written in an electrical engineering context (A) and the
equivalent non-contextual question (B). The full set of questions used in the study can be found in
Appendix 3.

to all of the students after the study was completed. The intervention also only lasted for
30 min, all of the students saw questions with identical mathematical content and contex-
tual questions were not assessed in any way during the module and so the difference in
provision offered to the two groups was minimal.

Atthe end of the seminars, the students were asked to complete a voluntary, anonymous,
online questionnaire (see Appendix 4). The first section of the questionnaire consisted
of ten statements relating to students’ interest in the integration topic and their percep-
tions of its usefulness for engineering, which were scored on a five-point Likert scale (from
Strongly Agree to Strongly Disagree). The statements were based on the Colorado Learning
Attitudes about Science Survey (Adams et al., 2006; Physics Education Research Group at
Colorado, 2004) and its mathematics-specific alternative, the Mathematics Attitudes and
Perceptions Survey (Code et al., 2016), but tailored to the integration topic and the fact
that I was interested specifically in applications to engineering (see Appendix 5). In line
with Adams et al. (2006) and Code et al. (2016), I then awarded each student one point for
each statement they answered in favour of mathematics (that is, one mark for each positive
statement about mathematics to which they responded ‘Agree’ or ‘Strongly Agree’ and one
mark for each negative statement about mathematics to which they responded ‘Disagree’
or ‘Strongly Disagree’). This provided each student with a score out of ten, which I will use
to measure their interest in and motivation to study mathematics.

The second part of the questionnaire asked the students explicitly for their views on
contextual questions. Students were asked to rate the relative difficulty, interestingness
and usefulness of contextual questions compared to purely mathematical questions on a
five-point Likert scale. They were also asked to state the extent to which they would like
contextual questions to be included in their mathematics modules (whether all, most, about
half, some or none of the questions should be contextualised, or whether they had no strong
opinion). Finally, a comments box was provided for students to offer any further thoughts
on the use of contextual questions.

The same questionnaire was also provided to all students studying Module M (mechan-
ical engineering) and Module A (aeronautical and automotive engineering). A description
of the respondents to the questionnaire is presented in Table 1.

The survey was compiled in Qualtrics and the data analysis was conducted using SPSS.
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4, Results

The scores measuring the levels of interest and motivation of the students taking Module
E are shown in the box plots in Figure 2. An independent-samples Mann-Whitney U-test
revealed no significant difference in scores between the students who had seen contextual
questions and those who had not (U = 230.5, p = 0.381). This may, at least in part, be due
to ceiling effects, as a number of students in both groups scored the highest possible mark
(10 out of 10). However, it does appear that there were fewer low scores in the group who
had seen the contextual questions (no scores under four, as opposed to 4 out of 22 students
scoring under four in the non-contextual group). This could suggest that the intervention
improved the scores of those students who were initially least interested in and motivated
to study mathematics.

The scores measuring the levels of interest and motivation of the students taking Mod-
ule M and Module A are shown in the box plots in Figure 3. An independent-samples
Mann-Whitney U-test revealed that there was a significant difference in scores between
these two cohorts of students, at the 5% level of significance (U = 1154.5, p = 0.040). The
aeronautical and automotive engineering students taking Module A had a higher level of
interest in mathematics, on average, than the mechanical engineering students taking Mod-
ule M, which could be an indication that small numbers of contextual examples can make a
difference to students’ attitudes towards mathematics, as this was a key difference between
the delivery of these two modules.

Interestingly, students across the courses were almost unanimous in saying that they
wanted at least some contextual questions to be included in their mathematics mod-
ules. Only one student (out of 132) across all of the courses said that they did not want
any contextual questions included in their mathematics modules. A further five students

10.00

8.00

6.00

Score (Interest/Motivation)

200

00

Seminar Group 1 Seminar Group 2

(Non-Contextual) (Contextual)
Group

Figure 2. Box plots showing students’ levels of interest and motivation towards the integration topic,
for students studying Module E. There is no statistically significant difference between the two groups.
The statistics shown in these box plots are given in Appendix 6.
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Figure 3. Box plots showing students’ levels of interest and motivation towards the integration topic,
for students studying Module M and Module A. The difference between the two cohorts is statistically
significant. The statistics shown in these box plots are given in Appendix 6.

Table 2. Students’ preferences for the inclusion of contextual questions and examples in their mathe-
matics modules, as percentages for each group.

Module E Module E
Seminar Group 1 Seminar Group 2 Module M Module A
All'in context 0% 5% 0% 8%
Most in context 23% 28% 28% 37%
Equal numbers in and out of context 54% 50% 69% 43%
Most out of context 14% 17% 3% 5%
All out of context 0% 0% 0% 2%
No opinion 9% 0% 0% 5%

expressed no strong opinion, but the remaining 95% of students expressed a preference
for the inclusion of contextual questions. Of these, only six students wanted all questions
and examples to be written in context, showing that the vast majority of students would
ideally like to see a mixture of contextual and non-contextual questions (Figure 4(A)).
This is despite the fact that many students thought that contextual questions were more
difficult than non-contextual questions (60%; Figure 4(B)). This may have been because
students find contextual questions more interesting (72%; Figure 4(C)) and more useful
(84%; Figure 4(D)) and these considerations outweigh the issue of increased difficulty for
the students taking these particular modules. The level of contextualisation preferred by
students was fairly consistent across the different courses (Table 2). In particular, those stu-
dents who had seen some contextual questions during the integration topic (groups E1 and
M) did not have substantially different preferences to the students who had not seen any
contextual questions during this topic (groups E2 and A).

A small number of students from across the three degree programmes also provided
comments on their views of contextual questions. Three students stated that they would



INTERNATIONAL JOURNAL OF MATHEMATICAL EDUCATION IN SCIENCE AND TECHNOLOGY 13

A B

70 70

60 60

50 50

40 40

30 30

20 20

10 10

5 1 B . - — - [ |
All questions Most questions Equalnumbersin Most questions All questions. Doesn't matter Much Easier About the same More difficult Much more

in context incontext  andoutofcontext outofcontext  outof context analer level of diffculty difficult
C D

60 60
50 50
40 a0
30 30
20 20
10 10
0 N o (- P —)

Muchmore  Moreinteresting Aboutthesame Lessinteresting  Much less More useful Lessuseful  Much less useful
interesting level of interest interesting

Figure 4. Bar charts showing students’ responses to the following statements: (A) ‘Please select the
statement which best describes your opinions on the use of contextual questions when learning maths
skills’ and (B-D) ‘Compared to purely mathematical questions, | think that contextual questions are...".
The responses of all students studying Modules E, M and A are combined in these bar charts as the results
were similar for all of these cohorts. The data shown in these bar charts are given in Appendix 6.

Box 1. Students’ comments relating to the use of contextual questions in mathematics modules.

A

‘Contextual questions are important and useful but should only be introduced after one is comfortable with the
topic.

‘Purely mathematical examples may be easier to understand when learning the process, but questions with context
can be more useful as practice.’

‘I think when learning a new topic like integration it is helpful to understand the concepts from a viewpoint which is
more mathematical than contextual. However, once you have learned the skills and understand how to apply them,
it is important to explore as many different question types and contexts as possible to solidify your knowledge.’

B
‘It would be nice to have a summary of where what we are learning can be applied as an intro to a topic. It might
encourage me a bit more to try harder (but | am quite lazy to be fair).’

C
‘[Contextual questions] can also cause a lot of confusion, with time wasted reading and understanding what the
question is asking for which doesn’t seem to be what maths is testing at the moment ... "

D
‘We could have a few contextual questions which relate to our course but no contextual questions from other
courses.’

prefer their lecturers to teach mathematical skills using non-contextual examples and then
introduce contextual questions later, after the students were confident with the necessary
methods (see Box 1(A)). However, another student suggested that it would be better to see
contextual questions from the beginning of each topic in order to increase their motivation
to learn the topic from the outset (see Box 1(B)). One student expressed the view that prac-
tising contextual questions was a waste of time unless they were going to be assessed (see
Box 1(C)). This highlights the fact that students’ priorities are often focussed on passing
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assessments. In addition to this, one student emphasised the importance of using relevant
contexts which specifically relate to their degree programme (see Box 1(D)).

5. Discussion
5.1. Summary of key results

Mathematics modules for undergraduate engineers often have poor engagement, atten-
dance and attainment (Goold, 2015; Lishchynska et al., 2023; Liston & O’Donoghue, 2010;
Loch & Lamborn, 2016; Rylands & Coady, 2009), due at least in part to low levels of
motivation in the students and a lack of appreciation for the relevance and usefulness of
mathematics in their chosen fields of study (Harris et al., 2015; Lishchynska et al., 2023).
Contextual questions and examples have been proposed as a way to increase motivation
and improve students’ perceptions of mathematics (Bolstad et al., 2022; Flegg et al., 2012;
Harris et al.,, 2015; Klymchuk & Spooner, 2020; Mathias et al., 2024; Rezaei & Asghary,
2024) but it is often difficult and time-consuming for service-teaching mathematicians to
create large quantities of high-quality examples (Harris et al., 2015; Mathias et al., 2024;
Schmidt & Winslow, 2021; Willcox & Bounova, 2004; Yeatts & Hundhausen, 1992). In this
study, I have considered balancing these considerations by including small numbers of
high-quality contextual questions and examples in mathematics modules for engineers. I
have sought to determine whether a small number of contextual questions or examples
can have an impact on engineering students’ interest in and motivation to study mathe-
matics, and to what extent students would like contextual questions to be included in their
mathematics modules.

My findings revealed that small numbers of contextual questions can lead to a signif-
icant increase in students’ interest in a mathematics topic. It has previously been shown
that large-scale changes which incorporate contextualisation as an integral part of math-
ematics modules can have this effect (Mathias et al., 2024; Wolf, 2017), but such changes
are generally impractical to implement. In contrast, Module A in my study included only
half a lecture (approximately 25 min) of time spent concentrating on contextual examples,
which also produced a positive effect. This suggests that it is beneficial to incorporate some
contextual questions into mathematics modules even if this can only be done on a small
scale.

The students in my study were overwhelmingly in favour of contextual questions being
included in their mathematics modules across all three engineering disciplines surveyed
(electrical engineering, mechanical engineering, aeronautical and automotive engineer-
ing). This is despite the fact that many students considered contextual questions to be
more difficult than non-contextual questions, which is a common belief amongst engi-
neering students (Harris et al., 2015; Klymchuk & Spooner, 2020; Sijmkens et al., 2024).
This suggests that the difficulty of contextual questions is outweighed by the fact that both
my students and those in other studies find them more interesting and useful than non-
contextual questions (Harris et al., 2015; Klymchuk & Spooner, 2020; Mathias et al., 2024;
Pepin et al., 2021). These findings agree with a number of studies which also find that stu-
dents like contextual questions to be included in their mathematics modules (Gijsbers &
Pepin, 2017; Harris et al., 2015; Wolf, 2017). However, there are also studies where this is
not the case (Klymchuk & Spooner, 2020; Lepellere, 2022). It is important to note that,
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in my study, although the students did express a strong preference for some contextual
questions to be included in their modules, very few of them supported the idea of fully con-
textual modules, where all questions and examples are written in context. In fact, the most
popular scenario amongst the students was for the module to contain approximately equal
numbers of contextual and non-contextual questions. Although students’ preferences are
not the only consideration when designing teaching materials, the fact that students sup-
port modules with a mixture of contextual and non-contextual questions is definitely an
advantage for designing modules in this way (Katz & Assor, 2007).

The additional comments that students made during the survey also showed different
preferences for how small numbers of contextual questions should be included in math-
ematics modules. Some students advocated for contextual questions to be included only
after they were confident with the underlying mathematical skills. This opinion was also
expressed by students in a survey by Harris et al. (2015). This course of action helps to
reduce the potential issues of students finding contextual questions too difficult and sub-
sequently losing confidence in their mathematical abilities, as they can demonstrate their
skills through non-contextual questions prior to seeing the more challenging contextual
questions. Czocher (2017) also finds that this strategy is used when contextual examples
are included in engineering mathematics textbooks. Alternatively, it was also suggested that
students would prefer contextual examples to be used at the start of learning new topics, to
provide additional motivation and to encourage them to work harder as the topic is being
taught. This approach has also been recommended in the literature, with several studies
describing how an early appreciation for the usefulness of mathematics is highly bene-
ficial for students’ learning (Beswick, 2011; Bolstad et al., 2022; Lishchynska et al., 2023).
This strategy can also have positive impacts on students’ confidence, as they become famil-
iar with contextual questions from the beginning, when the mathematics required in the
questions is relatively straightforward, and so do not associate contextual questions with
being overly demanding (Sijmkens et al., 2024).

One student also expressed the opinion that contextual questions are not valuable unless
they are assessed. This concurs with the findings of Wolf (2017), who found that students’
interest in modelling tasks decreased when they realised that these were not going to be
included in assessments. A number of other sources have also advocated for the inclusion
of contextual questions in assessments (Flegg et al., 2012; Schmidt & Winslow, 2021). For
instance, Schmidt and Winslow (2021) describe the importance of high-quality contextual
tasks for engineering undergraduates but also emphasise that, if these are to be a serious
aspect of the course, then they ought to be incorporated into assessments in some way. In
particular, if developing students’ abilities to interpret and solve contextual problems is one
of the principle aims of using such problems, then it would seem highly beneficial to include
them in assessments. If contextual examples are primarily being used to provide additional
motivation however, then their inclusion in assessments may not be as important.

One student also noted that they preferred contexts which were specific to their course
of study. That is, they were interested in contexts relating to electrical engineering (their
degree course) but did not want to see broader contexts from other engineering disciplines
or everyday life. The benefits of using contextual questions which are closely tailored to stu-
dents’ specific fields of study have also been explored in the literature, with several studies
demonstrating that engineering students benefit most from mathematical activities which
relate to their specific engineering discipline (Bolstad et al., 2022; Schmitz & Ostsieker,
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2020; Wolf, 2017). Unfortunately, tailoring contextual questions to individual disciplines
in this way is not always possible because engineers from different courses are often taught
together, sometimes even alongside students from other subject areas (Bailey et al., 2024;
Flegg et al., 2012; Tossavainen et al., 2021). However, it may still be possible to include
a variety of contexts so that there is something to interest everyone (Harris et al., 2015;
Lishchynska et al., 2023) or to group together disciplines with similar interests (Bolstad
etal., 2022).

5.2. Study limitations and generalisations

The investigation described in this paper is a small-scale, exploratory action research study
and so there are a number of limitations to generalising my results. It is important to recall
that the effect of my intervention in Module E for electrical engineers was not large enough
to generate a statistically significant result and so I cannot claim that a single seminar spent
working on contextual questions was enough to produce a significant increase in motiva-
tion. However, this may have been due to the small sample sizes (18 and 22 students for
the intervention and control groups respectively) or it may have been the result of ceil-
ing effects, as a number of students in both groups expressed the highest possible level of
motivation to study mathematics (10 out of 10) in their questionnaire responses.

A significant difference in motivation was observed, however, between the students
studying Module M and Module A, which I hypothesise may have been due, at least in
part, to the contextual examples used in the delivery of Module A. However, there are other
possible causes of this difference. It may be that the two groups of students were predis-
posed towards mathematics to different extents before taking these modules, although I
did choose to compare two modules with identical entry requirements for mathematics,
and so the two groups are likely to have been very similar in terms of their prior math-
ematical attainment levels, which in turn are often correlated with motivation (Hural &
Smolovik, 2023; Lishchynska et al., 2023; Tossavainen et al., 2021). It has been noted by
some sources that students of certain engineering disciplines are often more motivated
towards mathematics than others but, in these cases, it is generally mechanical engineers
who are the most motivated (Coupland et al., 2008; Mustoe & Walker, 1970), which con-
trasts with my findings where the mechanical engineers who had seen no contextualisation
were less motivated than the aeronautical and automotive engineers who had seen contex-
tual examples. Indeed, Flegg et al. (2012) suggests that the heightened level of motivation
in mechanical engineering students may be due to the fact that they more often see contex-
tual questions related to their discipline and hence that making more explicit connections
to other engineering disciplines may improve motivation for other students. Module M
and Module A were also taught by different lecturers and so it is possible that their dif-
ferent lecturing styles may have impacted upon how interesting and useful their students
perceived integration to be.

The study also only included first-year undergraduates at a single university in the UK,
all with good levels of mathematical attainment on entry. Students who have higher levels of
mathematical attainment are often those who have been most motivated to spend time on
mathematics in the past and so these students may have higher initial levels of motivation
than students studying engineering at universities where mathematical entry requirements
are lower (Hural & Smolovik, 2023; Lishchynska et al., 2023). My questionnaires were
also only completed by students who were still attending lectures and seminars half-way
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through the semester. This means that my participants were likely to have higher-than-
average levels of motivation to study mathematics. Gijsbers and Pepin (2017) found that
students who were initially least motivated to study mathematics derived the most benefit
from contextual tasks, which is supported by the findings from my intervention study with
the Module E students. It may therefore be the case that the contextual questions would
have had a greater impact, had they been used from the start of the module when more of
the less-motivated students were still attending, or at a different university where students
were initially less confident with and less motivated to study mathematics.

My study focussed solely on the topic of integral calculus and differential equations,
as this was a topic for which I could control the extent of contextualisation seen by the
students. It was not possible to ascertain the impact of contextual questions on students’
views of mathematics more generally, as the students had already seen various applica-
tions of other mathematical ideas. Any intervention would therefore be overshadowed
by the students’ prior knowledge of mathematical applications in engineering. It is, how-
ever, reasonable to assume that, if the use of contextual questions in teaching integration
can improve students’ interest in and motivation to study this topic, then this should be
generalisable to other areas of mathematics as well.

The questionnaire used in this study was based on the Colorado Learning Attitudes
about Science Survey (CLASS survey; Adams et al., 2006), which was designed to measure
students’ beliefs about science, including their levels of interest. The CLASS survey has
undergone extensive validation and reliability studies, involving the responses of thousands
of students and the opinions of a variety of experts (Adams et al., 2006). These questions
should therefore provide a good measure of students’ interest in science. However, it was
necessary for our study to adapt the CLASS survey to create questions which were rel-
evant to engineering students studying the integration topic. As the CLASS survey has
been adapted successfully to other disciplines in the past (Barbera et al., 2008; Code et al.,
2016), it is reasonable to suppose that similar adaptations would provide a valid and reliable
measure of our students’ levels of interest in mathematics.

In this study, I have only considered engineering undergraduates, but students studying
a variety of other subjects are also commonly service-taught mathematics by mathemati-
cians. Similar challenges with students failing to see the relevance of mathematics to their
subject areas are encountered in a number of these subject areas, including earth sciences
(Mathias et al., 2024), business (Bailey et al., 2024; Lishchynska et al., 2023) and biology
(Aikens et al., 2021). Even physics undergraduates, whose subject is probably most closely
related to mathematics, often do not see the connections between mathematical skills and
the applied problems which require them when the two are taught separately (Hitier &
Gonzalez-Martin, 2023). It is therefore likely that including small numbers of contextual
questions and examples would be beneficial for teaching mathematics to students of these
subjects, although further research could help to determine whether there are any signifi-
cant differences between the effects contextual questions have on these different groups of
students.

5.3. Futureresearch

My study highlights a number of important areas for future research. In particular, I have
shown that small numbers of contextual questions can have an impact on students’ inter-
est in mathematics and their perceptions of its usefulness for engineering, but I do not
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know how this might influence students’” attendance or attainment. Elsewhere, introduc-
ing contextualisation has been shown to have a positive impact on students’ attainment,
both in terms of their procedural mathematical skills and their ability to answer contextual
questions (Czocher, 2017; Mathias et al., 2024; Sijmkens et al., 2024). However, all of these
studies incorporated contextualisation on a large scale. Sijmkens et al. (2024) found that
small numbers of contextual questions can improve students’ conceptual understanding of
differential equations. However, more research on the broader impacts of small numbers
of contextual questions would greatly improve our understanding and help to inform our
practice.

It would also be advantageous for future research to consider how it is best to incorpo-
rate small numbers of contextual questions into existing modules. There is evidence that
students respond most positively to contexts which are specifically related to their field of
study (Bolstad et al., 2022; Schmitz & Ostsieker, 2020; Wolf, 2017), although students may
also find other, unrelated contexts interesting if they are perceived to be authentic and have
relevance to students’ everyday lives (Van den Heuvel-Panhuizen & Drijvers, 2020). For
instance, the contextual examples shown to the Module A students in my study were not
specifically related to aeronautical and automotive engineering, although they were clearly
relevant to those disciplines, and still had a substantial impact on students’ perceptions.
There may also be differences in how students respond to different types of contextual
questions. It would be beneficial to compare the effects of dressed-up tasks to the impact
of tasks with realistic or authentic contexts. This would provide insights into whether the
latter, more detailed, tasks are worth the additional effort required to write them.

There are also differences in opinion about whether it is better to include contextual
examples before teaching mathematical content, as a means of motivating students to want
to learn the topic (Beswick, 2011; Bolstad et al., 2022; Lishchynska et al., 2023; Sijmkens
et al., 2024), or whether contextualisation should be used after the students are confident
with the necessary mathematics, perhaps as an extension to the topic (Harris et al., 2015).
It could be argued that the ideal scenario is to include both, but this may not be practical if
resources are limited and lecturers do not have the time or knowledge to source sufficient
quantities of high-quality contextual questions. More information on the relative bene-
fits of these different approaches, and other methods of introducing contextual questions,
would certainly help lecturers to provide the greatest amount of benefit to their students
whilst also minimising the impracticalities.

6. Conclusion

Overall, I have found that small numbers of contextual questions or examples can have a
significant impact on students’ interest in mathematics and their perceptions of its impor-
tance in engineering. I would therefore recommend that at least some contextual questions
be included in mathematics modules for undergraduate engineers, even if it is not practical
to use them extensively. In particular, it may be better to create small numbers of authentic
questions which are specifically tailored to the students’ areas of interest than to use larger
numbers of more tenuous or less relevant questions. This process may benefit from some
collaboration between service-teaching mathematicians and engineering lecturers who are
more knowledgeable about their students’ likely future uses of mathematics.
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