
Vol.:(0123456789)1 3

ZDM (2018) 50:245–257 
https://doi.org/10.1007/s11858-017-0904-2

ORIGINAL ARTICLE

“Why do I have to learn this?” A case study on students’ experiences 
of the relevance of mathematical modelling activities

Paul Hernandez‑Martinez1 · Pauline Vos2 

Accepted: 12 December 2017 / Published online: 22 December 2017 
© The Author(s) 2017. This article is an open access publication

Abstract
In this paper we explore how students can experience the relevance of mathematical modelling activities. In the literature 
we found that relevance is a connection among several issues (relevance of what? to whom? according to whom? and to 
what end?). We framed this concept in terms of Cultural-Historical Activity Theory (CHAT), a theory for analysing how 
individuals engage in activities within social environments. We designed modelling activities within a mathematics course 
for engineering students: there were ample mathematical modelling tasks, a guest lecture by an employee from an engine 
company who used mathematical modelling in his job, and a group work modelling assessment with a presentation to the 
whole group. After the course, we interviewed ten students with a wide range of final grades in the course. We analysed the 
interview data in light of the theoretical framing of the concept of relevance. Our analysis showed that, generally, students 
experienced the modelling activities as relevant, and that they imagined themselves working in professional practices for 
which mathematics is relevant. However, doing mathematics was also judged as being relevant only to obtain grades, leave 
school and enter professions for which mathematics might not be needed. We offer recommendations for making mathemat-
ics education more relevant to more students.

Keywords Cultural-Historical Activity Theory · (Mathematics in) engineering education · Future professional practices · 
Mathematical modelling education · Relevance (of mathematics) · Socio-cultural theory

1 Introduction

1.1  Rationale for the study

If we ask why mathematics is relevant as content to be 
taught in schools, “one of the reasons which is frequently 
given is that mathematics is ‘useful’; it is clear, too, that 
this usefulness is in some way seen to be of a different kind 
from that of many other subjects in the curriculum” (Cock-
roft 1982, p. 1). There are a variety of reasons given for the 
teaching of mathematics, such as that it is part of our cul-
ture, it teaches students to think logically, and so forth (see 
Ernest 2005; Heymann 2003). However, in the curriculum 
documents of many countries, the usefulness of mathematics 

in our society–for everyday activities, as the basis of other 
scientific disciplines, as an effective tool for thinking and 
communicating and as essential tool in many professions–is 
presented as primary justification for including it into basic 
education of all. The usefulness of mathematics is said to 
‘give relevance’ to mathematics. In the ensuing pages we 
will explore this further: what are the connections between 
the concepts of usefulness of mathematics and its relevance 
to students? Our rationale is that many students do not 
experience mathematics as relevant. For example Matthews 
and Pepper (2005) report of students dropping the subject, 
because “they found mathematics to be a dull subject and 
they could not see the use of mathematics in their future life, 
for their course or career plans; instead other subjects were 
deemed to hold more importance to them” (p. 45). Onion 
(2004) found that the majority of 14–16 year olds “thought 
that the mathematics they are taught is useful only in math-
ematics lessons and for exams. They could not see the rel-
evance of it to their current or future lives outside school” 
(p. 191). Also, Brown et al. (2008) report of 16-year old 
students saying: “I do not think it [mathematics] will take 
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me to where I want to be in life”, or “who needs to know 
trigonometry in everyday life?” There are many students 
in mathematics classrooms asking the question: “Why do I 
have to learn this?” The standard teacher’s answer “because 
it will be useful later” silences the question temporarily but 
this is not a satisfying answer as it does not explain how, 
why, where and what mathematics will be relevant for a 
particular student.

1.2  The relevance paradox

On the frequently posed question in mathematics class-
rooms, “why do I have to learn this?”, Wedege (2007) 
pointed to an important distinction. She did research on 
adults learning mathematics, and distinguished between the 
questions “why do we have to learn this?” and “why do I 
have to learn this?” The first question is at the systems level 
and asks for general, objective reasons, such as labour mar-
kets needing people with mathematical skills. For society-
at-large, it is relevant that future generations learn certain 
topics of mathematics, and this justifies their inclusion in 
general curricula. The second question is at the individual 
level and asks for subjective reasons: why do certain peo-
ple need certain mathematical skills, and how can I know 
whether I will be among these? This addresses students’ 
experiences and expectations. The difference between the 
two perspectives is eloquently expressed by Niss (1994) in 
his relevance paradox. He suggested the following:

• The objective relevance of mathematics in society con-
trasts with its subjective irrelevance as perceived by 
many students and even by people who are supposed to 
know the role of mathematics in society.

• The function of mathematics in society contrasts with 
mathematics in the classroom.

• Students experience a lack of connection (subjective 
irrelevance).

He explained that large groups of students suffer from a 
paradoxical dilemma at the personal level and one of them 
said: “Mathematics is useless to me, but at the same time I 
know that I am useless without mathematics” (p. 377).

1.3  Relevance as aspect in the affective domain

Students’ perception of the relevance of mathematics is part 
of their beliefs about mathematics (McLeod 1992), also 
known as mathematical world views or conceptions of math-
ematics. Grigutsch et al. (1998, cited in Liebendörfer and 
Schukajlow 2016) distinguishes between four belief aspects: 
beliefs about the processes of mathematics, beliefs about its 
applications, beliefs about schema, and beliefs about for-
malism. The second category, beliefs about applications, 

highlights the practical use of mathematics in everyday 
tasks and problems, for jobs and for society. As beliefs are 
subjective perceptions, so are students’ experiences of the 
relevance of mathematics.

Students’ experience of the relevance of mathematics (or 
the lack thereof) is connected to their motivation to learn. 
For instance, Newby (1991) found a positive correlation 
between relevance strategies by teachers (i.e. making the 
content relevant) and the time that students spent on a task. 
These instructional relevance strategies emphasised the dis-
cussion of the question “why do I have to learn this?” The 
important role of a teacher/trainer in conveying relevance is 
also confirmed in Roszkowski and Soven (2010), who sug-
gested that “since usefulness and learning are related, train-
ers need to find ways of demonstrating the subject matter’s 
relevance to the trainee” (p. 82). Numerous other studies on 
relevance from the general education literature, in particular 
in adult learning and corporate training, relate relevance to 
motivation and to usefulness. For example, in their seminal 
article, Zempke and Zempke (1981) say that adults do not 
want to learn for the sake of learning but are motivated to 
learn “because they have a use for the knowledge or skill” 
(p. 46).

Thus, relevance is related to a motivation to learn and, in 
particular, to the perception of usefulness of what is being 
learnt. So, in the present paper we distinguish between use-
fulness and relevance as follows: usefulness is a property of 
the topic being learnt (e.g. mathematics is useful for solv-
ing problems), while relevance is a connection between the 
topic being learnt, its usefulness and a learner (e.g. trigo-
nometry is relevant for a student if he can use it later), and 
additionally, relevance can be mediated by someone else, 
for example a teacher. In the next section, we will expand 
this subjectiveness of relevance. Of course, other people can 
find a certain topic to be relevant for the students to learn 
(e.g. a teacher or a curriculum designer), but in this article 
we will take a student-centred perspective: we want to study 
relevance from the students’ point of view, and consider how 
relevance influences students’ motivation and why one stu-
dent ‘sees’ the relevance, while another one does not.

The relationship between learning about the relevance of 
mathematics and motivation is not straightforward. This was 
demonstrated by Loch and Lamborn (2016), who carried 
out a project with first-year undergraduate engineering stu-
dents. To convey the relevance of mathematics, videos were 
produced showing how mathematics is used in engineering. 
They found that some students were engaged by the videos, 
but others were intimidated by the complexity of the math-
ematics displayed. Thus, showing relevance can be counter-
productive to motivation (e.g., a student thinking that they 
are not good enough to do that level of mathematics). This 
was also noted by Kember et al. (2008) who showed how the 
material taught could motivate students by demonstrating its 
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relevance to a future profession, but students also became 
demotivated if that specific profession was not part of their 
expected career. In a similar vein, Black et al. (2010) present 
the case study of Lee, a student who was taking a pre-univer-
sity mathematics course designed to highlight the applica-
tion of mathematics to the real world. However, this student 
did not find this relevant, as he expressed as follows (p. 64):

Int: So you don’t find the context interesting or rel-
evant?
Lee: No, it’s not relevant to me. I don’t need to know 
that. [..] I don’t need to know how to do trigonometry, 
in everyday use. So, I don’t see that as real-life context.

This shows that what a teacher may perceive as relevant 
may fail to show the relevance of mathematics to students.

1.4  Relevance of mathematics mediated 
by mathematical modelling activities

A mathematics teacher can show and tell about the useful-
ness of mathematics, while keeping the curriculum focus 
unchanged on traditional, pure mathematics with few appli-
cations. However, instead of a teacher conveying relevance, 
in many curriculum documents there are recommendations 
that students should experience the usefulness of mathemat-
ics through mathematical modelling activities, in which 
students themselves use mathematics for solving real-life 
problems (Blum 2015; Stillman et al. 2013b). This aim can 
be related to a pragmatic perspective on mathematical mod-
elling (Kaiser 2014), which puts utilitarian aims for math-
ematical modelling activities in classrooms to the fore. This 
perspective emphasises that mathematics is a tool to solve 
non-mathematical, real life problems. We implemented this 
perspective in our study by asking students, among other 
things, to solve a complex workplace-related problem in 
groups; this activity covered several course weeks (further 
details are given in the Sect. 3). This pragmatic perspective 
is also known as ‘mathematical modelling as content’ as 
opposed to using modelling activities following the scien-
tific-humanitarian perspective, also indicated by ‘modelling 
as a vehicle’ to learn mathematics (Julie and Mudaly 2007). 
In the latter perspective modelling activities are used to 
introduce abstract mathematical concepts or to foster moti-
vation towards (pure) mathematics.

There is ample evidence that students are motivated 
when they engage in mathematical modelling activities 
(e.g. Bonotto  2010; Cardella 2010; Kaiser et  al. 2011; 
Maaß 2010; Schukajlow et al. 2012; Stillman et al. 2013a), 
although this effect is task-specific, context-specific, and 
short-term. Also, motivation in modelling activities does 
not automatically translate into motivation for mathemat-
ics at large. We note that in most studies on modelling and 
motivation, it remains unclear whether students’ motivation 

is related to experiences of relevance, or to other aspects. 
These can be, for example, enjoyment or interest, which are 
aspects of the affective domain that differ from experiencing 
relevance. For example, students can find the social com-
ponent of group work (a frequently used practice in math-
ematical modelling education) as enjoyable, even if there is 
no experience of relevance. We want to further distinguish 
between interest and relevance. Rellensmann and Schuka-
jlow (2016) define interest as a psychological state, which 
describes a relationship between a person and an object; for 
an object to be interesting, there is no need for a usefulness-
orientation. So, when Julie and Holtman (2008) asked stu-
dents in grades 8–10 what contexts they would prefer to deal 
with in mathematical activities, they asked for their interest, 
because they did not ask students for any future use. Thus, 
some students can find a task about a May-pole for a tradi-
tional dance interesting (as a folkloric or historic phenom-
enon), while simultaneously perceiving it as irrelevant (as an 
activity never ever to engage in). Similarly, these researchers 
found that students considered ethnic art to be interesting, 
but not relevant.

As said above, mathematical modelling may motivate 
students, but it remains a question how they experience the 
relevance of such activities. Therefore, we set up a study, in 
which students engaged in mathematical modelling activi-
ties. The research question was as follows: How do students 
experience the relevance of mathematical modelling activi-
ties after having completed a course with mathematical mod-
elling elements?

2  Theoretical frame for the relevance 
of mathematical activities

2.1  Relevance as a connection

In the previous section, we already stated that relevance is 
a connection among an object (task or topic being learnt 
in mathematics or mathematical modelling), its usefulness 
and a person. This builds on a definition by Nyabanyaba 
(1999), who suggested three key issues in the study of rel-
evance: relevance of what, relevance to whom, and relevance 
to what end. The first issue states that relevance relates to 
an object (task activities, mathematics-at-large), the second 
issue states that relevance is related to a person (a student), 
and the third issue states that relevance requires a goal ori-
entation. Thus, when mathematical modelling activities deal 
with contexts beyond the classroom, but the student does 
not relate these activities to a goal (e.g. a future profession), 
he or she will not easily perceive the modelling activity as 
relevant.

A different definition of relevance was provided by Ernest 
(2004). He defined relevance as a ternary relation between 
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three things (R, P, G). R is a situation, an activity or an 
object to which relevance is ascribed. P is a person or group 
of people who ascribes relevance to R. And G is a goal 
which embodies the values of P in this instance. Thus, object 
R is relevant when considered so by the person P in achiev-
ing the goal G. Comparing the formulations of Nyabanyaba 
(1999) and Ernest (2004) we see overlaps: R relates to the 
question: relevance of what? G relates to the question: rel-
evance to what end? However, Ernest (2004) includes P, the 
person ascribing relevance. This issue can be phrased in the 
question format of Nyabanyaba (1999) as follows: relevance 
according to whom? On the other hand, Nyabanyaba asks 
a question that Ernest (2004) does not include: relevance 
to whom? We consider this issue as important, because it 
addresses Wedege’s (2007) distinction between the relevance 
for me and the relevance for us.

Jablonka (2007) also frames the concept of relevance in 
a question format, asking: relevant to whom and for what 
purposes? Her questions are included in the above formula-
tions, whereby the second question (for what purposes?) can 
be equated to Nyabanyaba’s question: relevant to what end? 
So, based on the work of Nyabanyaba (1999), Ernest (2004) 
and Jablonka (2007), we define relevance as a connection of 
four issues:

Relevance of what?
Relevance to whom?
Relevance according to whom?
Relevance to what end?

In focusing on these key issues regarding students’ per-
spective of relevance─in particular the goal-directedness 
asked by the question “relevance to what end?”─we need to 
perceive students as socially participating in environments: 
as students they are in an educational environment, but they 
also have their peers, families, and their future professional 
environments. To capture the student within these environ-
ments, we opted for a framework that was created to ana-
lyse the complexity of human activities: Cultural-historical 
activity theory (CHAT). We make use of second generation 
CHAT, but we start by shortly explaining its parentage.

2.2  Introducing cultural‑historical activity theory

The first generation of CHAT was developed by the Rus-
sian psychologist Lev Vygotsky (1896–1934) who criticised 
the limitations of the psychological research of his time, in 
which a person and his/her mind were studied in isolation 
from the person’s activities. Therefore, he made a person’s 
activity to be the unit of analysis, whereby an activity is 
framed as consisting of the person (subject), the thing being 
done (the object of the activity), and the tools used (e.g., 
language, gestures, physical objects, etc.). An example of 
such a triad is a research biologist (subject) studying a bird 

population (object) using mathematical models and com-
puter simulations (tools). Mathematics can be seen as a tool, 
but it can also be part of the object (e.g., learning math-
ematics). According to Vygotsky, the biologist’s thinking 
is mediated by the tools used. For example, the mathemati-
cal models allow the researcher to run future scenarios, and 
these enable her to think in probabilistic and dynamic terms. 
If she did research by merely observing, her reasoning would 
typically be more descriptive and static.

The second generation of CHAT gives a social embedding 
to the first generation. Again, a subject engages in an object-
oriented, tool-mediated activity, but this happens within a 
community, which has certain rules and within which there 
is a division of labour (Engeström 1999). These six compo-
nents together frame an activity system (see Fig. 1).

To illustrate the difference between first and second gen-
eration CHAT, we use again the research activity of a biolo-
gist: she can do this to advance her career by publishing 
articles in prestigious journals. However, she also can do her 
work within an environmental movement concerned with the 
variety of species. Depending on the different communities, 
the biologist will have a different motivation (object), and be 
subjected to different rules of engagement, roles (division 
of labour), and so forth. Furthermore, contradictions might 
occur between the motivation to publish academic articles 
and at the same time being part of an altruist environmen-
tal movement. This perspective makes the activity system, 
including the social environment, to be the unit of analysis. 
We consider second generation CHAT to be useful for study-
ing students’ experience of the relevance of mathematics, 
because within activity systems there are always multiple 
points of view, traditions, interests and contradictions that 
interact and shape the activity in different ways.

2.3  Framing relevance within CHAT

To situate the relevance of mathematics and mathematical 
modelling, we consider reasons for a subject’s engagement 
in an activity, indicated as motivation. Wells (2011) makes 
a helpful distinction between a motive of an activity and a 

Tools

Subject Object

Division 
of labour

CommunityRules

Fig. 1  The structure of an activity system (Engeström 1987)
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motivation. The first, the motive, is at the collective level (for 
the community); the second, the motivation, is at the indi-
vidual level (for the subject). Wells (2011) writes as follows:

Motives are what drive activity systems, independently 
of the specific individuals who enact the necessary 
roles on any particular occasion. On the other hand, 
motivation is individual; it is the individuals’ need to 
achieve personal well-being through participation that 
engages them in the activity on a particular occasion. 
(p. 91).

For example, a student working on mathematical tasks 
can have the motivation to pass the examination, whereas 
the motive of the community in the educational institute is 
to prepare students for life after school. In fact, Niss’ (1994) 
relevance paradox is about the difference between motives 
and motivations, and expresses the tensions between these. 
As he and others observed, the subject’s motivations can 
align with the community’s motive, but there will be ten-
sions when this is not the case.

So, how can we analyse the relevance of mathematical 
activities within a CHAT perspective? As earlier said, we 
contend that relevance is a connection located in an activity 
system between the subject and other elements of that activ-
ity system. The different elements that form an activity have 
certain characteristics or properties that interact, and that can 
add motives and motivation to the activity. This gives us the 
following points for analysis:

• “Relevance according to whom?” is analysed as relevance 
as a subjective perception of a person within or outside 
the activity system. It can be the subject (the student), a 
member of the community (e.g., a teacher or a potential 
employer). In the study described in this paper, we limit 
ourselves to the students’ perspective, but future studies 
may well consider analysing the relevance of classroom 
activities from the perspective of future employers.

• “Relevance of what?” is analysed as relevance of an 
activity. In the study described in this paper, we limit the 
activity to doing mathematical or mathematical model-
ling tasks, considering that the activity is tool-mediated 
and set within a community with rules and a division of 
labour.

• “Relevance to whom?” is analysed as relevance to the 
subject of the activity, in this case the students, consid-
ering that he/she undertakes a tool-mediated activity set 
within a community.

• “Relevance to what end?” is analysed as relevant to a 
motive (of the community) or motivation (of the sub-
ject). This goal orientation relates, on the one hand, to the 
social environment, that is: the environment while learn-
ing, in particular the role of the teacher or the school, 
but also to a future, imagined professional environment. 

On the other hand, the goal-orientation is also related to 
usefulness and value (use and exchange).

With this CHAT-based framing, we study how students 
experienced the relevance of mathematical modelling activi-
ties, which they undertook in a course with mathematical 
modelling elements.

3  Methods

We carried out an empirical study within a 12-week, under-
graduate mathematics course for second year students in 
engineering at an English university. This course provided a 
good case to study students’ experience of relevance of mod-
elling activities, for two reasons. First, within engineering 
degrees, mathematics is vital for many different engineering 
branches and many different job profiles (Alpers et al. 2013). 
This could make mathematical activities potentially relevant 
to students. Second, in this particular course, there were key 
elements pertaining to mathematical modelling designed to 
add relevance. Although these key elements were added to 
the course, it also had to abide by institutional requirements 
(e.g., a syllabus had to be delivered in weekly lectures and 
tutorials). This meant that the instructional approach to 
mathematics and modelling was a mixing approach (Kaiser 
2014), whereby there is strong integration of mathematics 
and modelling but the mathematics used in the modelling 
problems is more or less given from the outset. The key ele-
ments that were added aligned with modelling competencies 
as described in the literature (e.g., Galbraith et al. 2007; 
Kaiser 2007; Maaß 2006).

First, each week students were given realistic modelling 
problems to solve in groups and they had to discuss these 
problems and come up with a mathematical model for solv-
ing the problems using the techniques studied in the lectures. 
Students reported orally or in writing their solutions and the 
lecturer would give them feedback. The tasks consisted of 
problems from engineering, such as modelling a slip casting 
process with a first order ordinary differential equation, or 
how to build a fixed-volume aquarium with the minimum 
possible cost for materials using techniques of multivariable 
calculus. The task contexts were selected to show the use-
fulness of mathematics to engineering. The tasks required 
cognitive modelling competencies, such as understanding a 
situation, mathematising it, working mathematically, inter-
preting the mathematical solution, and so forth.

Second, during week 4 (at 1/3 of the course), a guest 
speaker from a well-known British car and machine manu-
facturer was invited to give a motivational talk about using 
mathematics in the workplace; he talked about the use of 
regression and other statistical methods in his work. This 
related to one of the topics in the course: functions of several 
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variables and the method of least squares. Such an invited 
talk aligns with the aim of developing conceptions of model-
ling, also known as meta-knowledge about modelling, which 
is defined as “the background knowledge about the nature 
of modelling, how it is conducted and why mathematics can 
be applied in real situations” (Brown and Stillman 2017, 
p. 357).

Third, aligning with social modelling competencies such 
as collaboration, argumentation and reporting (Galbraith 
et al. 2007; Kaiser 2007), but also to bolster the modelling 
activities, 15% of the course points could be earned through 
a group assessment, consisting of a complex modelling task, 
for which groups of four students had to develop a model and 
use it for solving a real-world problem, and they had to pre-
sent their results to the whole group. They were given four 
weeks to carry out the work. The lecturer and their peers 
would then give a mark and feedback on different aspects 
of the work presented, such as mathematical strength of the 
model, evaluation of the model and presentation and group 
work skills. The final mark of this group assessment was 
calculated as 20% of the students’ marks and 80% of the 
lecturer’s mark. For further details on theoretical bases of 
the instructional design, see Hernandez-Martinez and Goos 
(2014).

The data for this paper come from semi-structured inter-
views at the end of the course. By interviewing students 
individually, we narrowed the issue “relevance according 
to whom?” down to “relevance according to the student” 
(and not according to a teacher or an employer). From all 
40 students in the course, a random sample of 12 students 
was invited for an interview to evaluate the course and say 
something about it, whether positive or negative. Of these, 
10 agreed. These 10 students were taking the course for the 
first time and all were between 20 and 22 years old. In this 
group of 10, there was a slight overrepresentation of students 
with higher final marks for the course but still there were 
some students representative of lower marks. The spread 
of final marks of the interview participants was as follows: 
three A’s (students 1, 2 and 3), three B’s (students 4, 5 and 
6), two C’s (student 7 and 8), one E (student 9) and one F 
(failed) (student 10). However, it was not our aim to study 
the relation between relevance and attainment. The inter-
views were around one hour in length. The researcher first 
asked students to talk freely about their home and school 
backgrounds and experiences with the course, and in par-
ticular about the three key elements: the mathematical mod-
elling tasks, the guest talk and the group assessment. In this 
way, the interviewer guided the issue “relevance of what?” 
towards the relevance of the three key elements. In most 
interviews, the students would answer to this guidance by 
including the issues “relevance to whom” and “relevance to 
what end”. If this did not happen, the interviewer would fol-
low up with specific questions related to the issue “relevance 

to whom” (e.g., Can you identify yourself doing the job 
of the guest speaker? or Did you and your peers find the 
presentation useful?) and to the issue “relevance to what 
end” (e.g., motives or motivation for dis/engaging with the 
activities, community rules from peers or the institution). 
The interviewer used the terms ‘relevance’ and ‘usefulness’ 
interchangeably, yet giving the students room to offer their 
personal perspectives.

The interviews were audio recorded, transcribed, and 
thereafter analysed in relation to the students’ perceived rel-
evance of the course, and of these three key elements of the 
course (modelling tasks, invited lecture, group assessment). 
We read the transcripts thoroughly and coded segments 
according to the theoretical issues of relevance identified 
before, that is: relevance according to the interviewed stu-
dent, relevance of the key elements in the course, relevance 
to whom and relevance to what end. For the latter two issues 
we focused on motives (personal) vs. motivations (commu-
nity), value (use or exchange), institutional rules, roles (divi-
sion of labour) and tensions or contradictions (problematic 
relationships between aspects of the CHAT triangle). The 
aim was that this coding would provide an answer to the 
research question about how the students experienced the 
relevance of the different modelling activities of the course. 
In the next section, we present the results in subsections for 
each of the three key elements in the course. These key ele-
ments pertain to the issue “relevance of what”. However, as 
relevance is a connection of different issues, the students’ 
answers to the issue “relevance of what” could not be sepa-
rated from the issues “relevance to whom” and “relevance to 
what end”. To explicate these two latter issues as well, at the 
end of each subsection, we summarize the relevance of an 
activity according to the student, to whom, and to what end.

4  Results

All students, including the student who failed the course 
(student 10), acknowledged the value of mathematics for 
engineering. For instance, student 1 said:

Student 1: Maths and Engineering obviously… joint 
at the hips!

And student 10:

Int: To you, does maths have relevance in terms of 
advancing knowledge?
Student 10: Oh, 100%, yeah, there is no way that the 
amount we know now would’ve been possible without 
maths.
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These students considered that mathematics was relevant 
to engineering, irrespective of whether they had aspirations 
to become professional engineers, and independently of the 
course. We now discuss how students ascribed relevance 
to each of the three key elements of the course mentioned 
above.

4.1  The modelling tasks

All but one student thought the modelling tasks were good 
and useful for their future professional lives. For example, 
student 8 said:

Student 8: I think as an engineer is definitely useful 
and it also gives you experience you could use in other 
areas like real world modelling not just here… science 
or other fields that may interest you even though you 
are not doing it and in this module, there was a lot of 
modelling and modelling cycle and stuff like that… 
good work.

The students valued the modelling tasks because these 
gave them practice of how they would use mathematics in 
their future jobs (“it gives you experience”). So, they imag-
ined themselves working in future activity systems in which 
they will need mathematics. Some students, like student 
8, also mentioned that mathematics is relevant in areas in 
which they will not engage themselves (“even if you’re not 
doing it”). However, student 4 took a different position. He 
found the modelling tasks interesting but not relevant given 
that he considered that this type of task was not part of the 
final exam, which was his target. He expressed it in the fol-
lowing way:

Student 4: The whole kind of… making maths more 
interesting was quite good but I don’t think… I don’t 
think it really helps with… ‘cos most of what we do 
is based on the exam… at the moment my main target 
still are the exams, you know like, real world problems 
are good… and me and (other student) we do think 
about maths like in general life but really we are basing 
it in getting a good mark in the exam, we want to come 
out of university with like a good mark, a good grade, 
so this [modelling] didn’t really focus on that, ‘cos we 
look at past exam questions and this kind of questions 
weren’t in there. (…)

This student did not once mention a future professional 
practice. He admits that his focus on exams is temporary 
(“at the moment my main target still are the exam”). His 
motivation for doing mathematics is to get the best possi-
ble grade in his degree; this goal-orientation remains within 
the educational system. We assert that this short-term goal 
also is an element of the relevance of this course: doing this 

course is relevant for this student with the goal of graduating 
with a good grade.

Student 10 provided an example of a student who enjoyed 
the modelling tasks while not being very good at mathemat-
ics. He explained that he had only an intermediate secondary 
school mathematics qualification, as opposed to most of his 
classmates who had an advanced level mathematics quali-
fication. He described his situation in the following way:

Student 10: I really enjoy thinking how you can apply 
this to real world problems. (…) I can imagine being 
able to take this, apply it to a real world problem and 
solve it, that would be awesome, it’s really exciting. 
(…) Me doing so badly hasn’t changed my love for 
maths, I think it’s awesome. (…) I did come to some 
of the lectures at the beginning but all I did was talk to 
my friend and I didn’t engage at all and I didn’t learn 
anything, really. (…) (In one lecture) I thought: “Oh 
this is too hard for me, I’m not going to do it”.

For this student, the modelling tasks were interesting in 
the sense that they had a value related to his “love for maths” 
and they were relevant because they had a value as being 
applicable to “real world problems” (in an unspecified activ-
ity system). And despite his perception of not being good 
at this type of mathematics, he maintains a perception of 
mathematics as being relevant. This is a tension that may 
produce disengagement. Also, this student indicated that 
the sessions with the modelling tasks seemed relevant to 
socialise with peers.

Thus, according to most students, the modelling tasks 
were perceived as relevant to them, with a goal-orientation 
(relevant to what end?) on their future professional lives, or 
more generally, on real world problems. Yet, we also see one 
student having a short-term goal: passing the exams and not 
finding the modelling activities as relevant for passing these.

4.2  The invited talk

In relation to the invited talk given by a guest from a well-
known British car and machine manufacturer, most students 
recognised that it was useful and relevant to their studies. 
For example, student 7 spoke as follows:

Student 7: I think it was a good idea, ehm... cos it was 
nice to see how you actually might use maths because 
obviously you spend all these time doing it... but it was 
not clear what parts are you going to use and... no, it 
was good having someone to come in because it sort 
of refocuses you, I think, to why you are doing it so I 
think that was useful.

And student 8 expressed it in the following way:
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Student 8: It was really helpful, I liked that (…)
Int: Can you identify yourself doing that kind of work?
Student 8: Possibly, it makes you realise it is relevant 
to what you could be doing, instead of being told… it’s 
relevant for Materials, he comes in and says: “This is 
what I’m doing for my job” and with the graphs and 
everything, it is really clear that it’s not just for show, 
really putting it to use.

Both students talk of a future beyond the educational 
activity system, in which they may encounter and use math-
ematics (“what parts are you going to use” and “what you 
could be doing”). As before, student 4 thought it was inter-
esting but irrelevant to him and to his objective of obtaining 
a good mark. He said:

Student 4: A lot of people were saying, ehm… they 
didn’t really understand why we were doing it, the var-
ious topics, whereas this guy coming in, he explained 
why you do them (…) It was interesting to see where 
would be used but I wasn’t that bothered because even 
if I had paid attention to him I knew that wouldn’t have 
affected my mark.

Also, there was another student who did not ascribe any 
value to the guest lecture. He knew that after graduating he 
would go into military training and get a job in the army. So, 
he could not see how the guest’s job related to the kind of job 
he envisaged himself doing in the future. In CHAT terms, 
the imagined future activity system of the student was too 
different from the activity system of the guest speaker, mak-
ing the activity ‘solving problems within the enterprise’—
for which mathematics is a tool—being different from ‘solv-
ing problems in the army’ with the use of mathematics. The 
motive of the activity (i.e., using mathematics in industry) 
was very different to his motivation (i.e., getting a job in the 
army). He said:

Student 2: All of the stuff when they start talking about 
industry placement and “What you are going to do in 
industry”, I just kind of switch off. (…)
Int: You had this guy from (industry name) present-
ing… how was that? Any interest?
Student 2: Umh, no, not at all (…) none of that… 
because he was talking about his job, wasn’t he? And 
I thought: “I don’t care about his job”.

Student 5, who did a work placement year in the same 
manufacturing company as the guest speaker, did not think 
the guest’s explanation of engineering work was accurate, 
and therefore it lacked any relevance for her. She explained:

Student 5: He kind of just like fobbed off what engi-
neering was, and I was just sat here going… if I ask 
about this we’re gonna be here another half hour 
because I have an opinion on this because I worked 

there for a year, so I’m not gonna say anything. But 
the way that he sort of described it just wasn’t right.

We interpret this as a case of disagreement between the 
student and the guest speaker on elements within the activity 
system of the enterprise. As an intern, this student probably 
had a different role in the company than the guest (a full-
time employee), and therefore the division of labour was 
different for both. If they worked at different departments 
within the enterprise, the communities will have differed. 
This may have affected their knowledge of the company 
rules, the overall motives within the enterprise, their knowl-
edge of mathematics used, and so forth. These differences 
then meant that the motive presented by the guest speaker 
did not correspond to the student’s motive for the profes-
sional activity and therefore she did not ascribe any value to 
the lecture by the guest.

Thus, according to most students, the guest talk was per-
ceived as relevant to them, with a goal-orientation (relevant 
to what end?) on their future professional lives. Yet, we also 
see a student expecting to enter a different profession, a stu-
dent who has a different perspective on the work done by 
the guest speaker, and again, we see the student with the 
short-term goal of passing the exams: for these students the 
guest talk was irrelevant (and even irritating).

4.3  The group assessment

In relation to the group assessment, most of the interviewed 
students thought it was useful, in particular being able to 
work as a group and explaining to others in a presentation. 
Most of them related this to the development of mathemati-
cal understanding and skills that will be valued in the world 
of work. For instance, student 8 said:

Student 8: Specially when you can work with the peo-
ple you choose to, I mean, before all the group course-
work started, sometimes you have to talk to others 
you wouldn’t really want to, and that’s what you’d be 
doing… the rest of your life, I think. So it helps in that 
way. And just group work in general. Even when you 
are working with people you like, it still helps ‘cos 
they can give insights into maths you don’t know, and 
change the way you think.

Only students 4 and 7 thought the group assessment was 
good in some respects but not in others. For example, stu-
dent 7 said:

Student 7: It was good, I mean everyone pulled their 
way which was sort of… the thing you worry most 
about the group presentations. (…) We sort of allo-
cated people to each question. (…) We find that one 
sort of quite difficult because obviously there’s not sort 
of… a model that’s ever right.
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Int: And presenting?
Student 7: Not really, cos I mean last semester we did 
a 20 min presentation to people in industry that came 
in and that was lot of preparation that went in, it was 
a lot more time and it was a lot more difficult, ehm... 
I think it was a lot more useful than sort of 5, 10 min.

As can be seen, this student did not ascribe value to the 
presentation because in her view she could acquire this type 
of skill in a better way in a course where more prepara-
tion was needed, the degree of difficulty was higher and 
the rewards could be greater (i.e., potential employers judg-
ing the presentation). To her, the presentation as part of the 
mathematics course had value only as part of the educational 
activity system. Unlike other students who saw this within 
the perspective of future jobs (“that’s what you’d be doing… 
the rest of your life”), to her this could not be transferred into 
the professional practice in any worthy way.

Thus, according to most students, the group assessment 
was perceived as relevant to them, with a goal-orientation 
(relevant to what end?) on their future professional lives. 
Yet, we also see a student giving a critique, comparing the 
group presentation to another experience where the demands 
were much higher: for this student the group assessment did 
not have that much relevance.

5  Discussion, conclusions 
and recommendations

Our research started from the frequently asked question 
“Why do I have to learn this?” in mathematics classrooms, 
asking for the relevance of doing mathematics. Based on the 
recommendation that the relevance of mathematics can be 
mediated through mathematical modelling activities (Blum 
2015; Stillman et al. 2013b), we translated this question into 
an object of study: students’ experience of the relevance of 
mathematical modelling activities. Our research was guided 
by the question: How do students experience relevance of 
mathematical modelling activities? To find answers, we 
found in Nyabanyaba (1999), Ernest (2004) and Jablonka 
(2007) that relevance is a connection among four issues (rel-
evance of what? to whom? according to whom? and to what 
end?). Thereafter, we framed relevance within a socio-cul-
tural theory and studied elements of relevance empirically, 
by analysing students’ comments on key elements pertaining 
to mathematical modelling within a mathematics course for 
engineers.

We found that most students found the modelling activi-
ties relevant. Incidentally, we did not observe a strong rela-
tionship between the students’ perception of relevance and 
their attainment: students that achieved high marks in the 
course (e.g., students 2 and 4) found some aspects of the 

modelling activities not so relevant while others that did 
not do so well found some of these activities highly relevant 
(e.g., students 8 and 10). Therefore, we found relevance to be 
a multifaceted concept. It connects people, their perspectives 
and their activities and these connections are strongly shaped 
by the socio-cultural environment.

The four issues that relate to relevance (relevance of 
what? to whom? according to whom? and to what end?) 
cannot be described unambiguously. For example, the first 
question “relevance of what?” points at a complex object. 
One can mention the relevance of mathematics (for solv-
ing real life solutions), which differs from the relevance of 
learning mathematics (for obtaining knowledge and skills 
to do mathematics), which yet again differs from the rel-
evance of mathematical modelling activities (for learning 
to use mathematics for solving real life problems), and so 
forth. We assert that relevance can be connected to many 
objects. To limit the study described in this article, we 
focused on the relevance of mathematical modelling activi-
ties in an undergraduate mathematics course for university 
students in engineering. We designed different mathemati-
cal modelling activities (modelling tasks, a guest lecture, a 
group assessment), aligning with descriptions of cognitive 
modelling competences as described in modelling cycles 
(e.g., Galbraith et al. 2007; Kaiser 2007), meta-knowledge 
(Brown and Stillman 2017) and social modelling competen-
cies (collaboration, argumentation and reporting) (Galbraith 
et al. 2007; Kaiser 2007). We found differences in students’ 
judgements about the relevance of these activities. So, even 
if the modelling activities were tailored to students’ future 
professions, and considering the small grain size used for 
studying the relevance of these activities, students’ judge-
ments still varied. This means that a wider perspective on 
the relevance of mathematics at large will yield a more com-
plex picture, in particular as the subject of mathematics also 
may contain topics that are irrelevant to many students. We 
therefore recommend more studies on what mathematics is 
needed in future jobs, such as those carried out by Van der 
Wal et al. (2017) or Wake (2013), and studies on how seem-
ingly irrelevant mathematical topics could be made more 
relevant, considering Alsina’s (2007) warning: “Crossing 
rivers, climbing castles, covering chessboards with tetrami-
nos—who does these things today? Useless mathematics 
cannot become useful even if it is presented in a fun way” 
(p. 42).

The second issue, “relevance to whom?” clarifies that rel-
evance is connected to a person (the subject of the activity). 
In our study we focused on engineering students at a uni-
versity, to whom the mathematical modelling activities were 
tailored. Engineering is an area that is strongly connected to 
the use of mathematical models, and university students will 
have a better orientation on their professional future than 
younger students, so most students recognized the modelling 
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activities as being relevant to them. Yet, to some students, 
some of the activities lacked relevance, for example because 
they did not plan to become engineers (but, e.g., to join the 
army) or because the modelling activities did not prepare 
them on the short term goal of passing the exams. Thus, to 
tailor activities to a broad target group still requires teachers 
to convey that these activities can also be relevant to other 
groups (engineering skills are also required in the army). 
Additionally, the traditional time-restricted written tests that 
are common in mathematics education need adaptation, as 
these cause tensions between students’ short-term and long 
term goals. This is a direct consequence of the position that 
mathematics occupies in the structure of modern societies, 
that is, mathematics has a value that has on the one hand 
to do with knowledge and competences─its use-value─and 
on the other hand to do with selection─its exchange-value 
(Jablonka 2007; Pais 2013).

The third issue, “relevance according to whom?” clarifies 
that relevance is a subjective judgement that will depend on 
the person judging. In our study, we focused on the students, 
but one can also study the viewpoint of an employer, a parent 
or a teacher. We saw that the judgement by one person did 
not always yield a clear cut yes/no-answer. Although most 
students experienced the mathematical modelling activities 
in the course as relevant, there were also nuances. For exam-
ple student 7 considered group presentations on the model-
ling solutions in general as relevant, but she wished these to 
be more demanding or to carry a greater value.

The last issue, “relevance to what end?” clarifies the 
goal-directedness of relevance. Relevance must have pur-
pose. For this issue we benefitted from framing relevance 
in an activity system for the social environment in which 
students learn mathematics. Within such activity systems 
the goal-directedness relates to motives and motivations. In 
the modelling course for engineers, we saw that a majority 
of the students had career plans and imagined themselves 
working in professional practices. Thus, they found moti-
vation beyond the educational system and the modelling 
tasks clearly supported this. However, we also saw a stu-
dent, who reasoned entirely within the educational system 
wanting to ‘pass the exam’. While the institution’s motive 
was to prepare the students for their future professions in 
which they would need to use mathematical models, this 
student judged that the modelling activities had little value 
for him and therefore were irrelevant. In this case, there 
was clearly a tension between motives and motivation. In a 
similar vein, there will be tensions when a student wants to 
‘pass the exam’, but the teacher insists that students should 
engage in a deep way with the material because conceptual 
learning will yield more retention than procedural learning 
(Hiebert 1986). Such students will judge the activity aim-
ing at conceptual learning as irrelevant. Bringing relevance 
to students whose motivation narrows down to ‘passing the 

exam’ is a challenge for educational institutions that maybe 
need to reconsider some of their rules (e.g., high-stakes final 
examinations), tools (e.g., design of innovative assessment 
practices that focus on conceptual understanding rather than 
memorisation) or division of labour (e.g., considering stu-
dents as partners in their education).

In our empirical study, we observed other tensions 
between student’s motivation and the institution’s motives. 
This happened when there was a lecture by a guest speaker 
from a commercial enterprise. For most students it worked 
well, and the guest lecturer brought the future world of work 
into the classroom. However, one student imagined himself 
working in a different future environment (in the army), 
and another student had been in a work placement in the 
enterprise from which the guest speaker came, and disagreed 
about how the guest lecturer spoke of the use of mathemat-
ics there. This showed that motives and motivation do not 
always align, and that having guest lectures may explain 
the relevance of mathematics, but such a lecture can also 
demotivate some.

In our study, we also observed other characteristics of 
‘doing mathematics’ that add relevance. For example, some 
students enjoyed being sociable in the classroom, working 
in groups, and presenting their results to the whole class. 
To make students responsible for the work being done, and 
to develop equitable relations (Boaler 2008), this might 
be judged by students to have a social value. One student 
related such activities also to a future practice, saying: “you 
have to talk to others you wouldn’t really want to, and that’s 
what you’d be doing… the rest of your life, I think”. Thus, 
the institution’s motive to include soft skills in the course 
aligned with a student’s motivation to engage in such activi-
ties, making these relevant to him.

The activity system in Fig. 2 exemplifies elements that 
can make ‘doing mathematics’ relevant. Some elements 
from students’ future professional practices could be used 
in mathematical modelling tasks. If textbooks and teachers 
use such appealing contexts, they might ‘add’ relevance 
to classroom activities. Future professional practices can 
be brought into the classroom by guest lectures, but also 
through excursions in which students leave the educa-
tional institute and visit an enterprise or university where 
they simulate mathematical modelling research through 
complex tasks on which students work for a long stretch 
of time, such as in the Mathematical Modelling Weeks 
(Kaiser et al. 2013) or the excursion Railway Timetable 
Dynamics (Vos 2015). These activities are closer to actu-
ally experiencing a professional practice, although with 
some restrictions (e.g., students are not subjected to the 
rules of employment but they can experience certain 
authentic tools). By making more concrete those elements 
of a professional practice that could only be imagined 
before, more students will be able to see the relevance of 
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mathematics to their future lives. Such activities need to 
be facilitated within the educational system (school rules, 
finances, ethos), which explains why students’ perceptions 
of relevance depend on the schools they attend (Sealey 
and Noyes 2010). In fact, there are many ways in which 
mathematical modelling activities can make students expe-
rience relevance in mathematics classrooms so they no 
longer need to ask “Why do I have to learn this?”
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