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Abstract—We describe a course in mathematical modelling 
and problem solving, intended to provide the students with 
the appropriate skills to deal with real world problems in 
science and technology. The course is inquiry-based and 
centered around approximately 30 reasonably realistic, 
highly varied and challenging problems, which are solved in 
pairs. The students are supervised in a cognitive apprentice-
ship environment, where the teacher uses a range of tech-
niques to align student thinking with expert thinking. After 
taking the course, most students express and demonstrate a 
fundamental change in their abilities to think mathematical-
ly, in their understanding of the nature of mathematics and 
its role in their future profession. They also consider it as 
one of the most important courses in their education. We 
therefore argue that this kind of course, or similar teaching, 
should be present in the engineering curriculum. 

Index Terms—mathematical modelling, problem solving, 
inquiry-based learning, cognitive apprenticeship, mathe-
matics, engineering education 

I. INTRODUCTION 
In this paper, we describe the design of a course in 

mathematical modelling and problem solving, given to 
second year students in Software Engineering and related 
programmes at Chalmers University of Technology, Swe-
den (see [1] for details of the course). The overall aim of 
the course is to provide examples of the application of 
mathematics, and to improve essential skills needed to 
deal with real-world problems in science and technology. 
The course therefore focuses on mathematical modelling, 
i.e. the ability to translate real-world problems into math-
ematical problems, and problem solving, which we inter-
pret as the ability to systematically approach and solve 
non-trivial problems. The importance of teaching such 
skills to engineering students has been clearly stated, see 
e.g. [2] and [3]. The overall message, based on education-
al research, is that “although contents are still important, 
they should be embedded in a broader view of mathemati-
cal competencies that the mathematical education of engi-
neers strives to achieve” [2].  

The course was developed by the first author as a re-
sponse to the observation that many of our students lack 
appropriate skills to use mathematics in practice, and that 
neither traditional mathematics courses nor traditional 
engineering courses appear to seriously and systematically 
address this issue. This observation is echoed in the litera-
ture on engineering education [3]. We see two important 
reasons for this lack of ability to connect theory and prac-
tice – in general – among engineering students. Firstly, 

engineering education has been criticised for teaching 
knowledge and skills in an abstract way, which makes it 
difficult for students to apply what they have learned to 
real-world situations [4]. Secondly, teachers seldom ex-
plain and demonstrate the entire problem solving process, 
including assumptions, alternative strategies and evalua-
tion of results [5]. As a consequence, and returning to the 
example of mathematics education, engineering students 
often fail to connect and apply what they have learned in 
introductory mathematics courses to other subjects [6], 
sometimes leading to the belief that mathematics is not 
relevant for them [7]! 

While the course was originally designed intuitively 
and based on experience, we have come to find the no-
tions of inquiry-based learning [8] and cognitive appren-
ticeship [9] helpful in order to explain both the role of the 
course in the engineering curriculum, and the philosophy 
of the course itself. In fact, cognitive apprenticeship was 
proposed as a solution to the two educational problems 
described above. As Collins et al. [9] put it in their origi-
nal paper on cognitive apprenticeship: “It is this dual 
focus on expert processes and situated learning that we 
expect to help solve the educational problems of brittle 
skills and inert knowledge”. 

The purpose of this paper is to highlight the importance 
of mathematical modelling and problem solving in the 
engineering curriculum, and to show how these skills can 
be successfully taught. In Section II we outline the key 
ideas in inquiry-based learning and cognitive apprentice-
ship. Section III discusses mathematical modelling and 
problem solving. In Section IV we turn to a more detailed 
description of the course while highlighting connections to 
inquiry-based learning and cognitive apprenticeship. Sec-
tion V describes some examples of problems from the 
course and how they are used. In Section VI we discuss 
student impressions of the course and some own experi-
ences, and in Section VII we conclude why a course like 
this is useful. 

II. INQUIRY BASED LEARNING AND COGNITIVE 
APPRENTICESHIP 

Inquiry-based learning is an approach to teaching and 
learning that “uses questions and problems to provide 
contexts for learning” [8]. The approach is inductive in 
that it is based on specific tasks and only thereafter pro-
gresses towards theories, rather than deductive which is 
based on theories and progresses towards applications of 
those theories. A well-known special form of inquiry-
based learning is problem-based learning (PBL), which 
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usually emphasizes larger real world problems, and work 
in larger groups. A relevant observation for us is that to 
learn a skill, which is not fully described by any theory, an 
inductive approach is necessary. And the problems must 
present such challenges that the skills to be learned are 
actually practised. 
Cognitive apprenticeship was developed by Collins et al. 
[9], and has roots in situated learning theory [10]. It is 
based on the observation that apprenticeship, or learning 
through guided experience, “is the way we learn most 
naturally”. The idea is to adapt traditional apprenticeship, 
to teach such cognitive skills and processes that experts 
use when dealing with authentic, complex tasks. Accord-
ing to [11], “a major advantage of learning by cognitive 
apprenticeship as opposed to traditional classroom-based 
methods is the opportunity to see the subtle, tacit elements 
of expert practice that may not otherwise be explicated in 
a lecture or knowledge-dissemination format”. Cognitive 
apprenticeship thus goes beyond domain knowledge (de-
clarative knowledge such as facts, concepts and proce-
dures of a subject) to also teach various types of strategic 
knowledge required for expert practice: heuristic strategies 
or “tricks of the trade”; control strategies or metacognitive 
strategies; and learning strategies.  

However, in traditional apprenticeship the physical pro-
cesses to be mastered are directly available for the stu-
dents to observe. In order for students to observe the cog-
nitve processes of the teacher, these must be made visible, 
in a strategy known as modelling (of a different kind than 
the modelling discussed in Section III). One approach is 
think aloud modelling, where teachers “describe what they 
are thinking and doing, why they are doing what they are 
doing, and verbalize their self-correction processes” [12]. 
According to Lave [10], modelling plays a crucial role in 
developing expertise in a certain domain as it helps stu-
dents to form a conceptual model of the task before tack-
ling it. 

In cognitive apprenticeship, modelling is followed by 
five other key teaching strategies: coaching – the teacher 
asks questions and offers hints while the students deal 
with complex tasks; scaffolding – the teacher increases the 
complexity of the tasks and/or decreases the level of sup-
port as students become more adept; articulation – the 
students make their own thinking processes visible; reflec-
tion – the students compare their own thinking processes 
with those of the teacher and peers; and exploration – 
students are encouraged to formulate and solve their own 
problems. These teaching strategies, in combination with 
authentic and collaborative tasks, constitute the essential 
elements of a cognitive apprenticeship environment. 

Collins et al. [13] point out that ”it is up to the teacher 
to identify ways in which cognitive apprenticeship can 
work in his or her own domain of teaching”, and they 
provide a rich illustration of how cognitive apprenticeship 
has been implemented in three different subjects [9], in-
cluding a course in mathematical problem solving [14]. 
For an overview of empirical research on implementing 
cognitive apprenticeship in different disciplines and at 
different educational levels, see [11]. 

As we see it, cognitive apprenticeship is based on an 
inductive approach to teaching and learning, where stu-
dents learn complex cognitive skills by practicing tasks 
similar to those they wish to master (as in inquiry-based 
learning). However, the focus is additionally on how, in 

such a setting, the teacher can suitably align student think-
ing with expert thinking, by all means that the teacher can 
possibly think of. The key to this is to make both teacher 
and student thinking visible. 

III. MATHEMATICAL MODELING AND PROBLEM SOLVING 
In order to use mathematics to solve a real task, the first 

step is to translate relevant aspects of reality and the asso-
ciated task into a mathematical representation, i.e. a mod-
el. We here include the ability to apply a mathematical 
perspective on real world phenomena. Modelling is there-
fore essential for applying mathematics to real world 
problems, see e.g. [15] and [16]. This requires some 
knowledge about mathematical representations and their 
properties. The modelling process is often described in 
terms of a modelling cycle, where the following steps are 
thought to be iteratively repeated to create refined models 
and answers to any questions: simplify the situation and 
“mathematize” it to create a mathematical model, work 
mathematically with this model, interpret and verify any 
results. There are many versions of the modelling cycle in 
the literature, see [17] for an overview. These are, howev-
er, rough descriptions of a complex process that is difficult 
to specify in detail, and which typically includes a number 
of non-standard situations to be resolved. 

Therefore, throughout the modelling process, problem-
solving abilities are required whenever the method for 
resolving the situation or problem is not known or easy to 
see. Such non-standard situations can then be handled 
without getting stuck, by systematically investigating the 
problem from different angles for improved understand-
ing, and exploring possible ways forward. In mathematical 
problem solving, such activities have been characterized 
by Polya [18], in terms of heuristic strategies (draw a 
figure, define subgoals, consider special cases etc.), and 
globally in the following phases:  understand the problem, 
devise a plan (select the approach), carry out the plan, 
look back. The phases are somewhat similar to the steps of 
the modelling cycle, and can likewise be interpreted itera-
tively in an exploratory process of failed attempts and 
deepened understanding. Schoenfeld [14] emphasizes how 
metacognitive aspects of control and different kinds of 
beliefs, attitudes and insights are critical for successful 
problem solving. Again, while characterizations of the 
problem solving process give some structure, it is difficult 
to specify the process in detail. 

Modelling and problem solving are in our experience 
the main missing skills that our students need in order to 
use their mathematical knowledge in practice. This is 
because students are mostly trained in solving problems 
with given models and given methods, which is not suffi-
ciently realistic. We also note that models, modelling and 
problem solving are fundamental concepts and processes 
that are useful beyond the mathematical domain. 

However, teaching modelling and problem solving has 
its considerable challenges (see e.g. [19] and [20]). For 
example, it does not work to treat problem solving heuris-
tics as algorithms, to be learned deductively. Instead, 
problem solving is more of an art that must be practised 
[18]. Moreover, we have found that the explicit teaching 
of modelling and problem solving in combination is very 
useful and natural. Modelling is the first and necessary 
step in applying mathematics, and since modelling is not 
strictly about right and wrong, progress is gradual and 
students feel that it is easier to be creative. This view is 
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also supported by the models and modelling perspective 
on problem solving by Lesh et al. [21]. 

Modelling problems provide rich opportunities to show 
how mathematics is used in practice, and most basic 
mathematical competencies [2] are naturally practised, 
including communication skills and the use of computa-
tional tools. Modelling also stimulates the development of 
new mathematical concepts as needed. An aspect that is 
not extensively practised in our course is how to prove 
theorems, which is otherwise a central topic in mathemati-
cal problem solving, so the problem solving we practise 
has a somewhat different emphasis. However, it can cer-
tainly be of interest to prove properties of mathematical 
models (and of any new mathematical concepts), so this 
connection can be pursued if desired, and is facilitated by 
having basic problem solving skills already in place.  

By teaching modelling and problem solving, we aim to 
overcome important shortcomings in engineering educa-
tion as described in the introduction. At the same time, it 
means that we take a cognitive apprenticeship approach to 
engineering education. 

IV. THE DESIGN OF THE COURSE 
The course is inquiry-based, and is designed around ap-

proximately 30 reasonably realistic problems that are 
solved in pairs. The problems illustrate different applica-
tions and ways to use mathematics. They also provide 
opportunities for learning modelling and problem solving 
skills. The course takes a broad view of modelling, and 
the problems are organized in six weekly modules, where 
each module focuses on a different type of model. This is 
illustrated in Figure 1, where the structure of a module is 
also shown (see [9] for details). 

For some problems, Mathematica is useful, and it is a 
part of the course to become acquainted with this tool on a 
basic level. The course does not require any extensive 
reading, in order to focus on the skills to be learned. 

In addition to the problems, the course offers unusually 
extensive supervision to support the students while they 
are solving the problems, as well as introductory and fol-
low-up lectures for each module. These activities provide 
a rich platform for student-teacher interaction, and imple-
ment most of the identified elements of a cognitive ap-
prenticeship. 

A. Designing the problems
An important decision in the course has been to use a 

relatively large number of smaller problems – requiring 
one or a few hours to solve - rather than one or a few 
larger problems in a whole course as in PBL or a project 
course. This has been used to create a forced variation in 
applications, models and problem solving approaches, 
where differences and similarities can be observed. This 
makes it possible to learn and discuss modelling and prob-
lem solving patterns which are repeated and reinforced as 
the course progresses. With a sufficient number of prob-
lems it is also much easier to control what we want the 
students to learn. 

Since the goal of the course is an increased ability to 
solve real world problems, of which only a few could fit 
in the course, many of the problems in the course are 
simplified real world problems (also a theoretical problem 
is considered as real if its solution contributes to the un-
derstanding of some topic).  

 
Figure 1.  Overall structure of the course. 

We then want the simplified problems to be realistic in 
that they retain important characteristics of real world 
problems [22]. We have considered that a problem should 
be a reasonable representative of a real world problem, its 
solution should be meaningful, and it should present simi-
lar cognitive challenges when solving it. Since real prob-
lems often cannot be solved with the immediate and 
straightforward application of some theory, the problem 
should be challenging both to understand and to solve, to 
stimulate modelling and problem solving skills as well as 
communication within the group and with the teacher. 

Each problem then provides three kinds of important 
learning opportunities: what real world problems and their 
solutions look like, the basic concepts and methods re-
quired to solve them, and the skills required to find the 
solutions. The selection of problems has been made with 
respect to these three dimensions of learning [22], and we 
consider the relationship of the problem to these dimen-
sions of learning as an integral part of the problem, which 
can be conveyed e.g. in the lectures. This also makes it 
possible to be more flexible in the simplification of real 
world problems, since lost aspects of the real world prob-
lem can still be discussed in class. 

The problems have different character and complexity, 
depending on the specific topic, and depending on what 
we think the students are able to handle in each case 
(which requires some calibration). Some problems are 
more structured and have well-defined answers while 
others are more ill-structured and open-ended. We some-
times select problems with interesting links to theory or 
applications, or with surprising answers, to increase moti-
vation. 

B. Supervision 
The problems are intentionally designed to be so chal-

lenging that most students are not able to solve them on 
their own, and continuous supervision is a very important 
element in the course. The supervision is conducted in a 
kind of workshop setting where the main teacher and the 
teaching assistants rotate and coach the students. 

The unfamiliar and challenging problems force students 
to start thinking on their own, and to talk with each other 
and with the teachers. This makes their current thinking 
and especially their limitations clearly visible. So in terms 
of cognitive apprenticeship, the many hours of supervision 
provide rich opportunities for coaching, scaffolding, artic-
ulation and reflection.  

As long as students get along with a specific problem, 
we try not to give more help than needed; if this help is 
not sufficient, students can get more help by asking again. 
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In this way, we let them follow their own paths as much as 
possible, and at the same time ensure that they make some 
progress. 

The style of supervision is mainly Socratic – it involves 
asking questions to probe student thinking, to help stu-
dents clarify the situation they are in, or to point them in a 
useful direction. In this way, we foster metacognitive 
skills and indirectly teach a method that the students can 
use to supervise themselves.  

We also remind students of general problem solving 
strategies, that problems cannot be solved in a single step, 
that they should not rush to the solution, and adress other 
individual difficulties as needed. We encourage the stu-
dents and convince them that they are capable of solving 
the problems, if they are patient and learn to work in suit-
able ways. As the course progresses, there is sometimes 
room for more extended discussions where the teachers 
can reflect on the work done and share their experience. 

C. Introductory and follow-up lectures 
In the introductory lecture for each weekly module, we 

provide a general introduction relevant for the problems of 
the week, e.g. about the kind of models considered, with 
examples as needed - however without revealing specific 
methods for solving the problems.  

As the course proceeds, we describe and characterize 
the modelling and problem solving processes in different 
ways. Initially, this helps to set the expectations around 
modelling and problem solving, and may provide useful 
hints. As the course proceeds this provides a language to 
talk about the processes we are interested in. This in line 
with making expert thinking visible in cognitive appren-
ticeship. 

In the compulsory follow-up lecture, after submission 
of the weekly module, we provide collective feedback by 
presenting good solutions, and by discussing alternative 
approaches and common difficulties. We also as appropri-
ate explain the background to the problems and highlight 
any interesting results. We generalize and present perspec-
tives beyond single problems, for example by showing a 
related large-scale problem, making comparisons, or by 
noting the importance of certain models, methods and 
problem solving techniques.  

With this follow-up lecture, it doesn’t matter so much if 
the students didn’t reach all the way to a solution of a 
problem. When they have spent time struggling with the 
problems, they are in a good position to appreciate and 
learn from the solutions. We encourage reflection by ask-
ing the students to compare their own solutions with the 
presented ones, and to consider what they might do differ-
ently in the future. This reflection is to be written as a part 
of the following module.  

D. Assessment 
To pass a weekly module, the most important require-

ment is that the group has seriously attempted to solve the 
problems, but they are not required to reach any final or 
correct answers. We also require that the facts are correct 
and that the presentation is acceptable. In practice, these 
requirements mean that if a student agrees to participate in 
the course, and spends a reasonable number of hours, she 
can feel confident to pass. This is important to make the 
students relax and take interest in the real challenges of 
the course. Otherwise, it would be very stressful to present 
ill-structured and difficult problems, which may go be-

yond what a student is able to solve. It also reduces the 
motive for cheating. 

By not formally grading the weekly modules and by 
providing significant collective feedback during the fol-
low-up lectures, we are able to keep a normal course 
budget (we usually have about 100 students). Direct inter-
action with students has been heavily prioritized over time 
consuming marking and written feedback. 

In order to pass the course, the weekly modules and a 
final report must be completed. The general purpose of the 
report is to let the students reconsider and reflect on the 
course, and it is up to each group to decide how and what 
to write. Some write a relatively straightforward summary, 
others make quite remarkable analyses and reflections. 
The final grade is determined by the final report and a 
rough assessment of the modules, based on given quality 
criteria [1]. Disagreements are unusual but are resolved in 
a dialogue, where students can improve their report when-
ever reasonable. 

V. SNAPSHOTS FROM THE COURSE 
To better convey how the various elements of our ped-

agogical design come into play, we here give an example 
of a teaching and learning sequence in the course. We also 
describe three more examples of problems in the course. 

A. Curve fitting problem 
In one of the first problems, the students are asked to 

find a curve that fits a number of points provided in a 
table. No systematic method for doing this has been pre-
sented, and many students are confused. However, by 
asking students who are stuck if they have drawn a figure, 
they make a plot of the points and begin to see how they 
might work (although it happens that some draw so care-
lessly that they start making false conclusions and are 
lost). The plot is shown in Figure 2.  

After making the plot, those who so need are asked if 
they know of any mathematical functions. A common 
student question is: “Is it allowed just to do that?” By 
looking at the curvature, many students hypothesize the 
logarithmic function. When they ask for confirmation, we 
may ask what they think the value of the function should 
be at 0 and at infinity. They then usually discard their 
hypothesis by themselves, and continue with other func-
tions. Another common student question is: “Is this good 
enough?” to which we ask if they are satisfied, and some 
students start to think about how the quality of a fit can be 
measured (if they are unaware of the least squares meth-
od). Some students do some polynomial approximation 
that they get out of Excel, giving a very good fit but with a 
complicated expression.  

In the follow-up lecture, a simple formula with an ex-
cellent fit is presented, and different ways to find it are 
discussed (quite a few groups find this solution). We also 
consider how other alternatives can be discarded, or why 
they are not preferable. They also learn that what they 
have – or could have – discovered, is in fact one of Kep-
ler’s laws. This observation opens up for a short historical 
background and reflection on the nature of scientific dis-
covery. 
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Figure 2.  Plot of data points. 

Note how this single problem meets multiple objec-
tives: to introduce curve fitting; learning to develop your 
own problem solving strategy and discover the modelling 
cycle (which is not presented to the students before they 
solve this problem); to recollect basic mathematical func-
tions and realize the importance of being systematic; to 
evaluate the quality of a model; to prepare for a later prob-
lem on the least squares method; and to provide a link to 
the history of science. 

We would like to point out that in the design of a prob-
lem, it makes a huge difference how the theme of the 
problem is used. For example, we use this curve fitting 
problem to place the students in a problem solving situa-
tion where something is to be discovered by exploration. 
This is in line with situated learning theory and an induc-
tive approach to teaching. It could be used more conven-
tionally by first presenting the least squares method, 
providing the planet data, and asking the student to fit a 
given curve form to the data with this method. This would 
still be a “modelling problem”, but it would provide a very 
incomplete understanding of what modelling is, and 
would not develop any problem solving skills. This is also 
emphasized in the models and modelling perspective, 
where the central distinction between an inductive and a 
deductive approach has been captured in the phrases mak-
ing practice mathematical versus making mathematics 
practical [23].  

We end this section by providing three more examples 
of problems in the course. 

B. Bridge problem 
As an example of a problem with a surprising answer, 

the students are asked to calculate the expected time of 
travel between two cities in a given road network, with 
some assumptions about how travel time varies with traf-
fic intensity. The question is then to see how the expected 
travel time between two cities improves if an bridge is 
built, in addition to the already existing roads. However, it 
turns out that the travel time increases (this is known as 
Braess paradox). In the modelling, students need to think 
about traffic in terms of flow, understand driver behavior 
and model mathematically, and realize that the solution 
lies in establishing a criterion for an equilibrium.  The 
problem also gives insights in how you can find a “math-
ematical perspective”, in the relation between mathemat-
ics and common sense, and in the qualitative value of 
simple mathematical models. 

C. Bouncing balls problem 
One programming exercise is included in the course. 

The task is to create a graphical two-dimensional simula-
tion of two balls of different size and weight, which move 
under the influence of gravity, and which may also collide 
with each other. This is relatively straightforward, but it 
requires some recollection of basic mathematics, a sys-
tematic approach where several subgoals need to be de-
fined, and attention to details such as the proper definition 
of coordinate systems, angles and reference directions. 
Some students spend a lot of time without success because 
they are not careful with the mathematical details, and 
learn from that experience. Even without such difficulties, 
the exercise gives some perspective on the relation be-
tween pure mathematics, and the additional considerations 
required when you actually want something to work in a 
computer program such as a simulator. Some students 
patch mathematical errors with additional code, and are 
amazed when they realize that with the correct math most 
problems just disappear. 

D. Medical drug dosage problem 
This is an example of a relatively open modelling prob-

lem. The students are asked to find a way to calculate the 
dose and intake interval of a drug. No specific information 
or data is provided. Solving this problem involves decid-
ing on relevant criteria, eliminating irrelevant factors, 
making assumptions including a model for how the con-
centration of a drug in the blood varies over time, under-
standing the dynamics of multiple intakes, and derivation 
of the appropriate formulas. If a too simple linear model 
of decay is used and assumed to be true, prescriptions as 
they are commonly written could lead to an unlimited 
increase of the concentration and death. So a better model 
is required. The problem is also an example of how you 
can sometimes proceed with a mathematical analysis in 
the absence of specific data or deep subject knowledge. 

For a more exact formulation of these problems, and 
more problems, see [1]. Many of the problems have been 
created for this course, some are more classical. 

VI. STUDENT IMPRESSIONS AND LEARNING 
In this section, we briefly discuss students’ impressions 

of the course mainly based on an analysis of the course 
evaluations and the final reports. We also share some 
experiences from the supervision sessions. For a more 
extensive evaluation of what students learn in the course, 
see [24]. 

When students enter the course, many of them know 
more mathematics than they are able to use, and they do 
not trust their own ability to “think mathematically” [20]. 
They have little experience of modelling, tend to see for-
mulas as given, and often see mathematics as something 
where form is more important than content. Many students 
do not expect the course to be useful, and expect even 
more complicated calculations than in previous courses.  

When students are first confronted with the problems in 
the course, they are usually frustrated about them, that 
they are not clearly formulated, that there seems to be no 
immediate way to see how to solve the problems and that 
the time they spend on a problem goes out of control. The 
students do, as expected, experience difficulties related to 
modelling, such as how to best simplify a problem and 
how to mathematize. However, in the beginning of the 

iJEP ‒ Volume 4, Issue 5, Special Issue: "CISPEE", March 2014 53



PAPER 
TEACHING MATHEMATICAL MODELLING AND PROBLEM SOLVING - A COGNITIVE APPRENTICESHIP APPROACH TO… 

 

course, the students are even more concerned with diffi-
culties related to problem solving in general. In particular, 
they are not aware of the importance of understanding the 
problem and have difficulties in considering alternatives 
in the problem solving process [24]. Generally, students 
acknowledge that the problems are different from the 
problems that they have previously encountered. Howev-
er, after some failed attempts, they begin to realize the 
complexity of the problem solving process, and begin to 
change. 

The students generally consider both the supervision 
and the follow-up lectures as very important. One signifi-
cant experience from the supervision is how students are 
restricted by a surprising number of fundamental miscon-
ceptions and expectations that hamper them in their pro-
gress, and how efficient the problems and the supervision 
are to reveal and remedy these. Why should we, for ex-
ample, believe in the Pythagorean theorem? Common 
student answers are: “it is well known”, “it seems to work 
on many triangles”, and “there are several different 
mathematical proofs”. This range of answers naturally 
leads to a fruitful discussion about fundamental concepts. 
In the first years of the course, before we had learned to 
clearly set the expectations in the beginning, a common 
remark was that “we waste half of the time to understand 
what it is we are supposed to do”. With respect to work-
ing practices, many students are used to rush towards an 
answer without proper analysis; they are answer-focused 
[25], and expect that either they should see how to solve 
the problem very quickly, or they need to learn more ad-
vanced mathematics. A related difficulty is that many 
students do not recognize the importance of being careful. 
Students are often not aware of their limitations, because 
they have previously not encountered situations or prob-
lems that reveal them, or because they have not them-
selves understood the nature of their own behavior. That 
modelling problems are efficient tools to reveal students’ 
thinking is also pointed out in [21]. 

To what extent the students learn on their own by solv-
ing the problems (the main emphasis in inquiry-based 
learning), and to what extent they learn from the teachers 
(the main emphasis in cognitive apprenticeship) differs a 
bit between students. Most students think both are very 
important, but some students seem to get along quite well 
by solving the problems on their own. However, to the 
extent that these students come to the supervision ses-
sions, they (and the teacher) appreciate the more qualified 
discussions that become possible, although they may not 
be strictly necessary in order to reach the goals of the 
course. 

After taking the course, most students express – but al-
so demonstrate – a fundamental change in their abilities to 
“think mathematically”, in their understanding of the 
nature of mathematics and its role in their future profes-
sion. The learned concepts and skills are considered as 
generally useful. The following comment is representative 
for many of the students: “For the first time during my 
studies I was able to connect the course both with previ-
ous courses as well as with the kind of problems I can 
expect in my profession as an engineer”. Comments like  
“I have never before thought about where the formulas 
come from”, and “The course has lifted me to an entirely 
new level” are common. One of the most commonly re-
ported experiences is that modelling and problem solving 
show them a new and more creative side of mathematics 

that is not just about right and wrong. Moreover, the stu-
dents are surprised to see how very “simple” mathematics 
can be used to solve apparently non-trivial problems, and 
how their prior knowledge of mathematics, in unexpected 
ways, turns out to be useful as steps in the problem solv-
ing process. For the first time, many students see how 
mathematics can be a part of their identity as engineers. 

Students regard the course as one of the most important 
courses in their education, and that it is helpful in putting 
the pieces of their education together. It is considered 
demanding and at times also frustrating, although the 
percentage of students that pass is unusually high com-
pared to other courses. Students ask for more courses like 
this one, and wonder why there weren’t similar courses 
earlier in their education. In 2013, the students gave the 
course an average overall grade of 4.8 out of 5. The course 
was recently awarded the Chalmers Pedagogical Prize. 

VII. CONCLUDING THOUGHTS 
In this article, we have described the design of a course 

in mathematical modelling and problem solving. We have 
also tried to capture its role in engineering education and 
its general philosophy in terms of inquiry-based learning 
and cognitive apprenticeship. In the beginning of the 
course, students have little previous experience of mathe-
matical modelling and problem solving and struggle in 
learning these skills. The single most important contribu-
tion of the course is that it exists, and that it aims to devel-
op these generic skills that students do otherwise not suf-
ficiently encounter. A key characteristic of the course is 
also that it has been designed entirely with the course 
objectives in mind, rather than starting from an idea of 
how courses usually are delivered, or a particular method 
of teaching. 

One might say that the course and its problems repre-
sent an intermediate step between straightforward 
knowledge oriented courses and PBL-courses or projects. 
Compared to the former, this course has a much higher 
emphasis on methods and skills for approaching unfamil-
iar and non-trivial problems. Compared to the latter, the 
student encounters a wide range of simplified but realistic 
problems and a wide range of approaches, and learns to 
make appropriate distinctions and choices between them. 
So the controlled setting of this course, with a large num-
ber of varied problems that the teachers know well, can be 
expected to prepare the students for projects and other 
more independent work. 

We see a remarkable development with respect to the 
students’ modelling and problem solving skills. The stu-
dents really see the value of these new skills, and 
acknowledge that it constitutes a new way of thinking for 
them. While teaching such skills can be challenging, we 
think that the kind of problems that we use together with a 
cognitive apprenticeship approach works very well. The 
extensive interaction with the students also makes the 
course stimulating for the teachers. We therefore conclude 
that this kind of course, or similar teaching, should be 
generally present in the engineering curriculum. 
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