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Abstract

Mathematics is one of three core subjects in Swedish schools and we put a lot of time
and effort into teaching all children mathematics. However, many pupils and adults
do not understand the purpose or applications of mathematical knowledge and why
we all need it. Issues regarding mathematics education are debated on all levels of
society, in national politics as well as in local newspapers, and most people seem to
have an opinion about what the problem is or what we should do about it. With this
as background I have investigated the question “How do we want to organize math-
ematics education?” with focus on Swedish upper secondary education. However, I
believe that the results are relevant for mathematics education on most levels in many
countries.

Since I also have studied architecture, a subject which is often labeled as creative,
and have experienced very different teaching methods compared to mathematics
education the thesis is also focused on the relationship between mathematics and
creativity. The thesis argues that the debate on mathematics education consists of
several different questions that are discussed simultaneously. To better understand
what the issues are, I have categorized the critique of mathematics education into
three main questions: “Why do we study mathematics?”, “What do we teach?” and
“How do we teach mathematics?” The study is based on interviews and a review of
the mathematics education research literature. The interviews present four different
professional perspectives on mathematics, problem-solving and creativity and the
review serves as base for the categorization of both critique of the current state of
mathematics education as well as proposals of what should be done to improve the
situation. The thesis presents three common propositions on how to change mathe-
matics education to increase pupils’ motivation and knowledge: “A problem-solving
approach”, “A modelling approach” and “A redefinition of school mathematics”, and
describe how these answer the questions why, what and how we should teach and
learn. A conceptual framework was developed to compare the three different propo-
sitions to each other, and to the traditional way of teaching, to illustrate the similari-
ties and differences of the different approaches. To highlight some important aspects
of mathematics education a comparison to architecture education is conducted since
the author has experience from both subjects.

The thesis concludes that there is no total consensus about how we should improve
mathematics education but that there is agreement on some points. Most researchers
agree that mathematics education should be an investigative and creative subject,
where students get to explore mathematics rather than just reading about what math-
ematicians have discovered before them.
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1 Introduction

Mathematics has always been present in my life, in various ways during various
times. I started my mathematical journey as a very enthusiastic child and I first got
my hands on my big brothers textbooks from school when I was about five or six
years old. A few years later my excitement about mathematics was gone. After only a
couple of years in school I had realised that mathematics is neither exciting nor par-
ticularly interesting. Today, more than twenty years later, I finally feel excited about
the subject again. And now I am about to return to the school system that killed my
excitement years ago, by becoming a mathematics teacher.

This master thesis consists of a number of chapters where I, in different ways, try to
describe and analyse the views on mathematics education, the current state of math-
ematics education, and what challenges and tools I as a mathematics teacher need to
be aware of. Since I am to become a teacher at upper secondary level in Sweden, this
is my main focus, but ideas about mathematics education on lower levels are relevant
as well since they also concern the great effort and time all pupils have to put into the
subject. I have used literature from many different countries since I have found that
many ideas are similar in many parts of the world, for example the view on tradition-
al mathematics education.

1.1 Background

Mathematics is a school subject that more than any other seems to have the ability to
stir up emotions. Declining results in Swedish schools and on international assess-
ments makes the front page and ever so often the debate on mathematics education
breaks out in newspapers and other media in Sweden. We seem to have high expec-
tations on mathematics and on what skills and abilities we develope by studying it.
These high expectations are illustrated by the results of a recent Swedish study which
show that one in three have experienced that the mathematics skills they learned in
school have not been useful, yet only 6 percent believe that too much time and effort
is put into mathematics in school (Olén 2016). I would have expected that many of
those who have experienced mathematics as useless would argue that it is a waste of
time to study mathematics so extensively in school.

Questions that often are debated regard the nature of mathematics, what pupils
should learn in school and why and how we should best teach these skills and abili-
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ties. These topics are also very interesting to investigate since I believe that teachers
often will have to answer questions raised by pupils about these issues. Many times
have I and my peers at the teacher program discussed how and what to answer when
pupils ask “why do I have to learn this?”

Two concepts that I have found to be used a lot in the debate on mathematics edu-
cation are problem solving and creativity. When studying to become a teacher I have
encountered problem solving many times, for example when reading official docu-
ments about the mathematics education or when studying various teaching methods.
I have also encountered the concept many times in my engineering studies, in fact,
solving problems seems like the best way to generally describe what it is that engi-
neers do. To quote Scott Adams, creator of the comic strip Dilbert:

Engineers like to solve problems. If there are no problems hand-
ily available, they will create their own problems.

In architecture education, creativity is of great importance and much time and effort
is spent on studying the creative process and practicing how to approach problems
and tasks with an open mind. When reading about mathematics education I have
encountered the opinion that mathematics could and should be a creative subject as
well. My experience is that the teaching methods in mathematics and architecture are
very different, but I have started to realise that the subjects have many similarities and
that maybe the teaching methods do not have to be so very different.

My own experiences partly come from studies at the undergraduate program Archi-
tecture and engineering at Chalmers University of Technology, where I have studied
equal parts engineering and architecture. From my studies and my one year intern-
ship at an architecture firm, I have found that problem solving is an important as-
pect of architecture too, but that architecture often is considered primarily a creative
subject and profession. This made me interested in why two professions where both
problem solving and creativity are important are looked at so differently.

1.2 Aims

The first aim with this report is to survey the literature and opinions about mathe-
matics education. I believe that other teacher students like myself may find it interest-
ing and important to know what has been said about our profession, both historically
and recently, so that we have a broad knowledge and understanding of mathematics
education. By surveying what others have said I hope to be able to compare these
thoughts and opinions to my own experience from school. Hopefully this will help
me and my peers not to repeat the same mistakes some of us have experienced in
school that leave many pupils bored and frustrated.

Olle Hellblom 9



My background as an architecture student has raised my curiosity of the relationship
between mathematics and creativity, therefore I also aim to compare my experiences
from the two subjects with common opinions about mathematics education.

Based on my research I finally aim to summarize some of the ideas about how we
should teach mathematics and how we should treat the subject, for example regard-
ing importance and applicability. Lastly I will try to conclude my findings and discuss
how I can use the knowledge I have gained in my future career, and what is needed to
implement changes to our educational system.

Research questions

o How are mathematics and creativity related?

o How can we organize mathematics education so that it lives up to our expec-
tations?

1.3 Method

To answer my questions I have used a few different methods. The main part consists
of desktop studies which are based on different kinds of literature, varying from ac-
ademic research and reports, to debate articles published in newspapers. I have read
different kinds of literature to get a broad understanding about common opinions
and ideas. To find the most relevant literature for this thesis I have taken advice from
my tutors and interviewees, by looking into references, and by experience from pre-
vious university courses I have attended.

In addition to the desktop studies I have also conducted 4 qualitative interviews with
people at Chalmers University of Technology who have experience of mathematics,
problem solving, and creativity. The purpose of the interviews is to understand a few
different perspectives on these three topics and thereby contribute to the understand-
ing of differences in experiences and opinions about the mathematics education.

As a way to sum up my experiences and ideas I have also made a comparison between
mathematics and architecture to highlight some of the characteristics of the subjects
and how we perceive them.

1.4 Structure of the thesis

Chapter 2 describes the background and current views on knowledge and learning

since these have great influence on opinions on how to best help pupils learn what we
want them to learn.
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Chapter 3 consists of four interviews that I have conducted to get a better under-
standing of some general conceptions about mathematics, problem solving and crea-
tivity. The interviewees are four persons that in different ways are engaged in mathe-
matics, problem solving, and creativity in their professional lives. They represent four
different perspectives which I find relevant and representable, namely, professional
mathematician, architect, university level teacher and engineer with focus on prob-
lem solving, and high school mathematics teacher and researcher.

Chapter 4 is the first part of the desktop study where I summarize the characteristics
of mathematics education today, and describe the most common opinions and cri-
tique about this current state of mathematics education.

Chapter 5 is the second part of the desktop study. Based on the literature I have iden-
tified three main categories of suggestions for how we should teach mathematics,
to make pupils consider the subject important and interesting and to reach better
results.

In chapter 6 I describe my experiences from architecture school and compare these
with my findings from the interviews, the literature study, and the summary of math-
ematics education today. I believe that my background in a subject where creativity is
highly valued allows me to make a comparison that could be valuable to many who
are interested in mathematics education as an example of another teaching philoso-

phy.
Lastly, in chapter 7, I conclude and summarize my findings and present a conceptual

framework for how we could describe and analyse differences and similarities in the
different suggestions for changes in mathematics education.

Olle Hellblom 1



2 Theoretical Background

When discussing and researching pedagogical and educational topics it is important
to take into account theories about knowledge and learning as these are fundamental
elements upon which the school system is built. Different ideas about what knowl-
edge is and how we can gain this knowledge have been predominant at different
times in history, and these have affected the structure of our educational systems.

A well known theory of knowledge that used to be dominant in educational settings
is the objectivistic epistemology which claim that knowledge and truth can be con-
tained in objects and words (Lorsbach & Tobin 1992). This means that knowledge can
be transferred from one person to another, for instance in a lecturing situation where
a teacher explains something to pupils (Bodner 1986). With this view on knowledge
and learning what becomes most important in schools are knowledgeable teachers
and obedient pupils who listen to their teachers in order to gain their knowledge.
This epistemology together with the behavioural theory of learning, whose main
focus was to reward correct responses and punish incorrect ones, required passive
pupils that listened and answered questions (Svinicki 1999). Even though this idea
might seem old fashioned to some, Svinicki claims that our educational system still
is somewhat based on behaviouristic ideas, especially when it comes to organization
and management of classes and grading criteria.

However, the ideas about knowledge and learning are changing and since a few dec-
ades the constructivist theory have become more common as we have understood to
value thinking as an important part of education, a concept which behaviourism ig-
nores (Bodner 1986 and Svinicki 1999). Constructivism also represents another view
on the concept of knowledge, rather than being something that can be transferred
directly from one person to another, the learner have to experience and understand
to acquire knowledge. The constructivist epistemology emphasizes the learner’s role
in the learning process, good teachers and obedient pupils are not enough since the
learners also need to take an active role in their schooling for learning to occur. One
challenge for constructivist teachers therefore is to motivate pupils and get them to
understand that they are responsible for their own learning.

Many teachers agree with the constructivist theory about knowledge and learning,
but they find it difficult to teach in accordance with these ideas due to lack of sup-
portive structures to help them change the way they teach (Brooks & Brooks 1999).
The previously dominant idea that order and obedience are the most important fac-
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tors of the organization of education still have a big influence on common teach-
ing practices, even though most teachers would agree that these ideas are outdated.
Many teachers who believe in the underlying ideas of constructivism are afraid that it
would be too difficult to change the way they teach, so they are sticking to what they
have always done (Brooks & Brooks 1999). Another issue with reforming the way
we teach is that the pupils also are used to the traditional way of teaching, and most
of them expect the teachers to tell them what to do and think and what is right and
wrong (Lorbach & Tobin 1992).

One important way to support and encourage teachers to practice the constructivist
ideas is to provide examples of what the theory stand for, Brooks & Brooks have done
so by listing a number of characteristics of the constructivist teacher (1999). One
main aspect of the list is that “learners are at the center of the teaching and learning
process” as Svinicki summarize the constructivist ideas (1999, p 24). Many bullets in
the list point out that the teacher should base the education on pupil ideas, questions
or hypotheses. The teacher’s role is to encourage pupil thinking, reasoning, question-
ing, and discussions rather than to instruct, explain, and correct. The interaction and
discussion with others is also an important characteristic of constructivist teaching as
this gives pupils opportunity to compare and test their theories and ideas with their
peers (Lorsbach & Tobin 1992).

Olle Hellblom 13



3 Interviews

As a first step toward better understanding of different perspectives on mathematics,
mathematics education, problem solving and creativity I have conducted interviews
with persons who in different ways work with these subjects. The purpose of these
interviews is to complement my own experiences when reading and analysing liter-
ature. It is also a way to better understand how mathematics and creativity relate to
each other, as this is one of the questions I want to investigate.

I chose to conduct in-depth interviews since this is an efficient method to understand
the interviewees points of view (Legard, Keegan & Ward 2003). I believe that this
would give the interviewees best opportunities to express their own ideas and experi-
ences relating to the questions. The questions I use as guideline for the interviews are:

o What is problem solving?

« How do you work with problem solving?

«  What characterizes a good problem-solving process?
 Is problem-solving creative?

o Is mathematics a creative subject?

Since I have experienced that problem-solving looks very different in mathematics,
engineering, and architecture studies I want to hear opinions about this from rep-
resentatives from the three fields as well as from a mathematics teacher. I am also
interested in their opinions about creativity, since I have found that much literature
mentions this as an important aspect of mathematics education which contradicts
my experience, and what I believe to be the general opinion, that mathematics is not
a creative subject.

The quotes in this chapter are meant to highlight some of the interviewees most im-
portant ideas and experiences. I have translated all the quotes from Swedish to the
best of my ability, and I have had to make some changes in the structure of the sen-
tences to fit into written form. Transcripts of all the interviews can be found in Ap-
pendix A.
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3.1 A mathematician’s perspective
Bo Berndtsson: Professor at the mathematics department at Chalm-
ers university of technology

In his profession as mathematics professor, Bo Berndtsson engages in problem solv-
ing in many different ways. He could try to solve old, famous problems that no one
has yet been able to solve, he could solve problems that others have encountered dur-
ing their research, or he could try to come up with new problems and questions that
no one has thought of before. Whichever problem he chooses to work on, creativity is
an important skill since the problems often are ill-defined' and he has to try different
methods and strategies to see if they might lead to a solution.

Before finding a solution, before reaching results or something
worth writing down, one has tried a number of different things
that have not worked.

While the problems that Berndtsson and other mathematics researchers encounter
often are ill-defined, the problems in school textbooks are often well-defined and
have a satisfying solution. Berndtsson acknowledges this discrepancy but since
well-defined problems can be more easily adjusted to suit pupils’ ability, he believes
that the textbook problems work well as exercises for the pupils anyway.

Bo Berndtsson has always had an interest in maths and already in school considered
it a creative subject, because even if the problems in the textbooks already had been
solved by someone else it was intriguing to try to figure them out for yourself and
finding an appealing solution. He also points out that working as a mathematics pro-
fessor most certainly is a creative profession and if one should try to compare mathe-
matical research with any other activity he believes that composing music or painting
or the likes are what resembles the subject the most.

I believe that most people actually find mathematics enjoyable,
[...] what brings them down, what make pupils consider mathe-
matics boring, are problems that are not adapted to their ability.

Bo Berndtsson believes that we all have an innate interest for solving problems, and
that most people actually enjoy mathematics even if they might claim the opposite.
He believes that, if presented to problems that are challenging, but not too difficult,
pupils or people in general would enjoy solving those problems. Many people are
solving crossword-puzzles or sudokus just for pleasure, and other mathematical
problems could also be looked at this way, as an interesting problem which you are
more than happy to spend your spare time on solving.

1 The concepts well- and ill-defined problems are further discussed in chapter 6
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3.2 An architect’s perspective
Morten Lund: Artistic professor at the architecture department at
Chalmers university of technology

Morten Lund is certain that architects and mathematicians are alike in their curiosity
and search for patterns and beauty. When I first ask him about architecture and cre-
ativity he is reluctant to talk about it. Later on I understand that the reason is that, to
him, being an architect is not necessarily a more creative profession than any other.
Creativity is more of a personal skill, and whether a person works as an architect, a
baker, a teacher or a mason does not necessarily impact on how creative she is. Lund
claims that any person or any job can be creative.

I have nothing against the word creativity in itself, but I have
something against connecting certain professions with creativ-
ity. Everyone, if you are a baker, a mason, if you are a kinder-
garten teacher, whatever, we all need creativity or we would not
survive.

Lund is fascinated by mathematics and by it being a language that can explain very
complex phenomena. He believes that the mathematical strategies could be used in
architecture as well, not the specific mathematical methods but the systematic rea-
soning. The mathematical strategies could be used to analyse situations and define
possibilities and limitations of a project.

What is important is that you are aware that you have a method,
it must not be silent knowledge. It cannot just be instinctive
feeling or intuition. You can use intuition, but also the use of
intuition must be reflected upon as a method.

In the courses Lund is responsible for at Chalmers the students have to reflect on the
methods they are using in the design process. They can choose any method they like
but they need to explain how they came to the conclusions and decisions that they
did. Lund has developed a method that he uses since he has found it very helpful and
he teaches his students this method but also encourages them to use other methods
if they prefer. The method consists of three steps: concept, sketch, and presentation.
In the first phase Lund encourages his students to “do first, think later” to have them
turn their ideas or thoughts into models that they can discuss, combine, develop or
dismiss in the next phases of their projects. He has experienced that many are afraid
to make errors and he tries to focus on the desire to create rather than on how to solve
problems in the best and most efficient way.

16 Innovation in mathematics education - A synthesis of the debate



3.3 An engineer’s perspective
Dag Wedelin: Associate professor at the computing science depart-
ment at Chalmers university of technology

According to Dag Wedelin, a problem solving situation occurs every time a person
does not have a clear method for how to solve a problem. In his experience this is a
very common situation that he often finds himself in as a researcher and engineer
and quite frequently as a teacher too. What characterizes problem solving the most,
whether you are an experienced problem solver or not, is that you have to investigate
different possibilities to find a solution, problem solving is a constant exploration.

When exploring a problem, one needs different methods and skills which vary de-
pending on the problem and previous knowledge. First of all, Wedelin claims that the
understanding of the problem is crucial, to some extent the problem solving process
can be seen as an exploration of the problem that leads to such understanding that
one can guess or understand the solution as well. Another useful method is to try to
divide the problem into smaller, easier problems that can lead towards a solution.
One important aspect of Wedelin’s problem solving strategy is to always try to start at
the beginning of a problem, even though one has seen similar problems before and,
most likely, it would be possible to reuse the same method, it is important not to jump
to conclusions. Previous knowledge and experiences should not lead to skipping the
first steps of the solution but it should function as a tool for acceleration that helps
the person along the way.

When it comes to design problems, an important method is the iterative method,
engineers, mathematicians and architects all use this method. It implies making a
guess or an assumption that probably leads in the right direction. The next step is
to test and evaluate this guess or assumption to be able to take another step towards
the solution. By iterating this step many times there are good opportunities to find
an adequate solution. When using this method it is important not to get too attached
to one’s ideas, when realizing that one idea is not good enough one has to be open to
take a few steps back and try again.

The reason that school mathematics does not seem to be cre-
ative is that we, in schools, often are eager to tell pupils about
the final results. Instead of letting the pupils create their own
knowledge we are telling them about what knowledge others
have created.

Wedelin claims that most problem solving requires creativity. When asked about
his views on mathematics, and school mathematics in specific, he points out that
mathematics as well as any other subject can be creative but it depends on the way
it is taught. He argues that most mathematics education is too focused on telling pu-
pils about what knowledge others have created throughout history instead of letting
the pupils create their own knowledge. Most other subjects let pupils write essays or
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assign them other tasks which require the pupils to reflect on their own ideas and
opinions and to express these, which is more or less creative. In mathematics, on the
other hand, pupils are often just told what is right and what is wrong and what they
need to remember.

Mathematics does not necessarily involve any physical artifacts but the subject might
still be creative since we can create ideas and assumptions in the world of ideas and
explore, test and analyse these using our reasoning ability.

It is very common that people involved in mathematics educa-
tion, when they try to be deeply philosophical, ponder the ques-
tion “What is mathematics, really?”. The question they should
ask themselves is “What do we want our children to learn?”. We
might conclude that they should learn mathematics, we could
also come to the conclusion that they should learn something
else.

When it comes to the debate on mathematics education Wedelin believes that too
many ask themselves the question “What is mathematics, really?” and that we rather
should focus on what we believe our children need to learn in school. The history of
mathematics is extraordinary, and humanity have been fascinated by the subject for
thousands of years, but the goal of our education does not necessarily have to be to
teach the pupils the results of this history, instead we could focus on the processes
that have lead to these results. If we are more interested in the pupils’ development
of their problem solving skills then there might even be another subject more suit-
able for this. Wedelin has an idea about mathematical thinking, a subject separated
from mathematics that focuses on reasoning, creativity and problem solving. Wede-
lin believes this might be a good idea if there is a need to change the way we teach
mathematics since mathematics as a subject have such a rich history that it would be
difficult to change our ideas about it.

I believe that the school should focus on something which I call
mathematical thinking rather than mathematics. Mathematics
is an academic subject and there are always a lot of people who
may have strong opinions about what mathematics is and what
it is not. Mathematical thinking is a concept that is not quite as
restrictive, it is not used quite as much and you can define it a
little more freely.

3.4 A teacher’s perspective
Eva Fiilép: Doctoral student at the University of Gothenburg and
high school mathematics teacher

In her research, Eva Fiilop first of all makes a distinction between tasks and problems.
To consider something a problem she has two requirements, first of all the pupil who
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is about to solve the problem cannot have a method or algorithm that she can apply
directly to the problem, in such cases it is not a problem but a task. Secondly, the
pupil needs to have an interest or a desire to solve the problem. This means that a
problem is a relative concept, what is a problem to someone might be a standard task
to someone else.

When it comes to problem solving Fiilop considers it a three step procedure. First
you need a strategy for how to analyse and try to solve the problem, secondly you
have to choose a method for how to solve it and lastly you need to apply an algorithm
to find the solution. Fiilop is researching strategies for solving problems, the first step
in this procedure, and she claims that it is when performing this step that pupils need
to be the most creative. This is when the pupils ask themselves questions like “What
am I supposed to do?” and “How do I start?” and get the opportunity to create some-
thing new. These ideas do not have to be entirely new, as long as the pupil experiences
it as a new idea or new knowledge.

My problem as a teacher was that I did not know what to do
when pupils, as they faced unfamiliar problems, said “We have
not learnt this”, “I don’t know the answer”, or “I give up”. I was
interested in how to teach the pupils not to react in this way but

to instead think of possible ways to take on the problem.

The background to Fiilops research is that she as a mathematics teacher had experi-
enced many pupils giving up when facing problems they did not know how to solve.
Fiilop wanted to research the topic how to get pupils not to give up when faced with a
difficult problem, and the effects of trying to teach pupils about strategies for problem
solving within the regular course plan in a Swedish upper secondary school.

In traditional education the teacher often does not give the pupils the opportunity
to experience the questions as problems. Fiilop tries to discuss different ways of ap-
proaching problems with the pupils. In this phase it is important to have a discussion
without correct or incorrect ideas, the pupils need to suggest strategies and then dis-
cuss and analyse them in order to figure out if and how they can use that strategy.
The pupils were asked to explain how they were thinking when solving problems, to
realise that it is often possible to use a range of different strategies to solve a problem.

Usually the teacher writes a task on the chalkboard and says
“this is how you should think”, and never lets the pupils expe-
rience the question as a problem. Once the pupils have exams
there is no one there who can help them to skip the first step and
tell them what to do or how to think.

When designing the classes for the study Fiilop had three principles. Either she used
a problem that could be solved using different strategies, or she focused on one strat-
egy and that it could be used for many different tasks, or she focused on comparing
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different strategies to find out if one is more effective than the others.

Ninety percent of the pupils that were involved in the research were used to tradi-
tional teaching and had previously worked individually in their textbooks during
class. This resulted in a lot of frustration among the pupils during the first weeks of
Filop’s study. The low performing pupils were frustrated because they were used to
sitting in the back and doing a few tasks every lesson without being noticed by the
teacher, but now they had to participate in discussions. The high performing pupils
were frustrated because they claimed not to learn anything when they did not have
the time to finish all the tasks in the textbook. The new way of teaching also resulted
in frustrated parents who thought the pupils should use their textbooks to a greater
extent. However, most of the parents were reassured after the pupils performed above
average on a test four weeks into the study.

The pupils also got used to the new kind of classes, and at the end of the year many
of the pupils wanted to show alternative strategies to each other and discuss which
strategies were the most efficient. During the year Fiilop decided to compromise and
periodically let the pupils work in their textbooks to provide time for them to prac-
tice methods and algorithms as well as strategies.

3.5 Summary
What is problem-solving?

Both Dag Wedelin and Eva Fiilép both make a difference on problems and standard
tasks and define problem-solving as the activity of solving problems that one does not
have a known method or algorithm for solving.

How do you work with problem-solving?

Morten Lund points to the importance of using one or many different methods for
solving problems and that realizing this and analysing these methods are a crucial
part of the problem-solving process. He has found one method that he has found use-
ful but says that many other methods could work as well or better for other people.
Dag Wedelin also points to a number of different methods to solve problems and that
which methods that work best also depends on the problem. He also emphasizes the
importance of starting at the beginning of problems and not jump to conclusions. Bo
Berndtsson claims not to use any specific method for solving problems but he usually
has to try many different methods before finding one that works.
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What characterizes a good problem-solving process?

I recognize many of the questions Eva Fiilp has experienced from pupils and one
question that I have heard many times is “How was I supposed to know that?” after
a pupil has seen a solution to a problem. This could be seen as an indication of a
disconnection between many teachers’ idea that we are learning problem solving and
the pupils’ idea that they are learning methods and algorithms for calculating correct
answers. Fiilop’s idea is that one of the most important stages of the problem-solving
process is this first step when one has to figure out what strategy to use to solve a
problem. Wedelin underlines the importance of really understanding the problem
before trying to use a certain method or algorithm to solve it.

Berndtsson remembers that he always has been interested in understanding and find-
ing elegant solutions to problems. This is similar to Fiilops idea that a prerequisite for
teaching problem-solving is that the pupils have a desire to solve the problems.

Is problem-solving creative?

Bo Berndtsson is often faced with ill-defined problems which mean that they are
complex and the roads toward a solution are obscure and that to figure out where and
how to start require creativity. This is in line with Eva Fiilop’s opinion that creativity
above all is important at the first steps of a problem-solving process. Dag Wedelin
expresses the creative act as “creating something out of nothing’, for example making
guesses, assumptions and the act of choosing and trying a method without knowing
whether or not it will lead to anything.

Is mathematics a creative subject?

All interviewees highlighted different aspects of this question, but all agree that
mathematics could and should be creative. At one of my first meetings with my su-
pervisor he asked me if I myself believe that mathematics is a creative subject and I
found myself uncertain. I think that this is due to the fact that my experience from
mathematics education is very different from what people who are involved in math-
ematics education are hoping it should be. After these interviews I understand that
the question if mathematics is a creative subject is somewhat trivial because, as both
Morten Lund and Dag Wedelin say, any subject can be creative. But the very fact that
I am asking myself this questions after more than fifteen years of school and univer-
sity studies is interesting.

My experienced discrepancy between mathematics education an architecture edu-
cation was one of the reasons for me to investigate the relationship between mathe-
matics and creativity. I wondered for example if mathematics education could learn
anything from the emphasis on the creative process of architecture education. From
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the interview with Lund I also learned that the opposite could be true as well, that
architect students could learn from mathematicians. I do not believe that this con-
tradicts my theory, but rather that it acknowledges that the two subjects have many
things in common.
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4 Mathematics education -
Current state and opinions

In this chapter I try to describe how and why mathematics education is usually or-
ganized the way it is, and what the most common opinions and critique about it
is. To do this I have mainly used literature which is critical about the current state
of mathematics education, which also presents different arguments for change. The
three questions why, what, and how are being used as the structure for this chapter, as
I investigate if there is a logical connection between the answers to these questions.

The first question addressed is “Why do we teach mathematics?” and concern ques-
tions about the nature of mathematics, the applications of mathematics, and views
on the subject in general. A secondary question of this section is why we consider
mathematics to be so important in comparison to most other school subjects. After
establishing why we study mathematics, I go on to investigate what we teach as I be-
lieve that this should be a consequence of the answer to why we study mathematics.
Following the same principle, the answer to what we want pupils to learn should
influence how we teach to best reach these goals.

4.1 Why do we teach mathematics?

Mathematics is highly valued in our society which is shown by often occurring ini-
tiatives to raise pupils motivation and interest in the subject, and by how we regard
poor results on international assessments as severe failures of the school system. In
Sweden mathematics is also one of three core subjects, that pupils need to pass to be
eligible for high school studies, alongside the Swedish and English language. What is
it about mathematics that makes it so special and inevitable for all?

One argument is that we need mathematics to understand modern society since we
are all surrounded by products developed with the help of advanced mathematics,
such as computers, cars and smartphones (Andersson, Lundh & Jannti 2013). This
does not, however, explain the fact that mathematics has been considered a very im-
portant subject also before the development of advanced technology, at least since the
Greek society laid the foundations to our educational system, about two thousand
five hundred years ago. It has since also been claimed that studying mathematics
offers the pupil, not only knowledge of the subject, but also discipline and intellect
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in a broader sense (Lundgren, Sdljé & Liberg 2012). This is still evident in the debate
about school and mathematics today as shown in an opinion article, published in
the Swedish newspaper Svenska dagbladet in 2013, in which the authors claim that
“Good basic knowledge of mathematics among the population is fundamental for a
democratic society” (Andersson, Lundh & Jannti, my translation). Sverker Lundin
(2011) has found that this opinion has been common in Sweden at least since the
19th century. Through his research of historical documents Lundin has found that
the advocates of the necessity of mathematics have typically linked mathematical
knowledge and education to skills and values such as intelligence, high morals, self
confidence and democracy.

During the recent years I have tried to keep myself up to date with the debate on
mathematics education and I have seen these kinds of arguments many times. The op-
posers to arguments that mathematics enhances the intellect often compare them to
religious belief. This is exemplified by Stellan Welin’s (2013b) response to Andersson,
Lundh and Jannti’s article where he claims that “mathematics has replaced the cate-
chism’, referring to Luther’s small catechism which all Swedish pupils had to learn by
heart until year 1919 (Lundgren, Siljo & Liberg 2012). Regarding the argument that
we all need mathematics to understand our surroundings, Welin (2013a) claims that
most people do not need to study much mathematics since we in our everyday life
have access to tools that help us calculate everything we need. He argues that those
who find mathematics interesting and fun and who consider working in a field where
mathematical knowledge is required should be able to choose to study mathematics
extensively but that the others only need the most basic knowledge of the subject.
In the same article Welin also claims that the pupils of today have “seen through the
myth about the importance of mathematics” (Welin 2013a, my translation).

Related to these ideas or not, we fail in motivating pupils to study mathematics so se-
verely that it is, by far, the most hated subject in school (Boaler 2009). One common
way to motivate pupils and convince them that mathematics is important for us all
in our everyday lives is to use word problems based on realistic situations to illus-
trate the applications of mathematics in everyday life. Boaler (2009) claims that the
problem seems to be that we fail miserably when trying to do so and that the result is
tasks that describe absurd “real life” situations. I found the example below in a lecture
about rich mathematical problems:

It takes Nina 10 seconds to run 200 meters.

« How many seconds will it take her to run 400 meters?

« How many meters has she run after one minute?

o Create one general expression for how many meters she has
run after X seconds and create one general expression for
how many seconds it takes her to run Y meters.

(UR Samtiden - Matematik i kubik 2012)
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Just as Boaler points out, this example is absurd. The first question I want to ask is
What is Nina? For humans, the women’s world record on 200 meters is 21.34 seconds
(IAAF 2016). My next question arises when I look at task a: I realise that, when run-
ning twice the distance, Nina’s average speed will most likely be lower, but I have no
idea of how I am expected to take that into consideration. If I would approach this
task realistically, one way could be to calculate the ratio of the women’s world record
of the two distances and multiply it by 10:

47.6

— & 22.31
21.34

I find it very unlikely that this kind of solution is what the teacher was hoping for in
this case. Concerning tasks b and ¢, other questions arise. For example if she still runs
the first 200 meters in 10 seconds or have constant speed. This task was presented as
a good example of a rich problem, and the lecturer did not mention any of my con-
cerns.

Sverker Lundin (2011) has taken an interest in word problems and one common kind
of critique of mathematics education coming from people who believe in the impor-
tance of mathematics. He calls this type of opinion the standard critique and it has
two major characteristics. Firstly the standard critique, just like some of the opinions
cited above, claims that mathematical knowledge provides the learner with skills that
are essential to understanding things outside of the field of mathematics. The second
characteristic of the standard critique is that it calls for reform since the mathemat-
ics education is not able to lift this greater purpose of mathematical knowledge but
instead focuses on practicing mechanical calculations which many pupils find dull
and pointless. Lundin claims that the absurdities, illustrated by the example above,
often are ignored since standard critics believe that word problems with a somewhat
realistic context support the idea that mathematics is important in our lives.

[This] is founded on a belief in the possibility of designing set-
tings in school which differ from reality in such a way that the
engagement with them is a better preparation for understand-
ing and mastering reality than engagement with reality itself.

(Lundin 2011, p. 77)

The behaviours of pupils and teachers in mathematics classes are explained with the
concept of the holy seriousness of play, a concept stemming from the idea that playing
is an important human activity. Using this concept Lundin sees three possible expla-
nations for what is going on in the classrooms. The first explanations is immersion
which means to just go on and play the game. The pupils and teachers are aware that
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the word problems are in fact different from real problems but they still believe that
the act of solving them is meaningful.

On the one hand, we do note the nonrealism of the task, but on
the other, we do not consider the task to be nonsensical.

(Lundin 2011, p. 78)

Another explanation is that participants in mathematics education take cynical dis-
tance from the activities they are involved in. This means that they are aware of the
fact that the tasks and problems they are assigned are stupid, but that they can not do
anything about it because they are involved in a school system created and managed
by incompetent people. This viewpoint does not either, however, question the very
fact that mathematical knowledge is important.

The third explanation is to disagree with the current state of mathematics education
but to have faith in its greater purpose. This is somewhat similar to the cynical point
of view but the faithful has an expressed belief in the importance of mathematics and
in this way shares the view of the standard critic. The faithful believes that what needs
to be done to fix the mathematics education is to try harder:

The form of engagement with word problems, the centrality
of this practice in mathematics education, not to mention the
place of mathematics education in society at large, together
quite strongly suggests that this practice could lead to generally
beneficial knowledge.

(Lundin 2011, p. 80)

Lundin claims that the fact that mathematics education has played such an important
role in our schools for such a long time has made it important in our society. At-
tempts to emphasis the importance of mathematics in schools and plans to motivate
pupils to study mathematics are made ever so often. Many people believe in the idea
that mathematics is important, and that the tests and grades in school bare witness of
more than just the ability to perform in the school subject mathematics.

The proponents of the standard critique are [...] in a sense more
right than they could ever imagine when they argue that math-
ematics education is a central and necessary part of modern
society. While mathematics may not be very useful as a means
to understand and control the social and physical reality, the
argument of this article shows that the very attempt to make it
useful contributes in a fundamental way to the very constitution
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of the peculiarly modern reality in which we imagine such use
to take place.

(Lundin 2011, p. 83)

Andrew Hacker (2012) is of similar opinion and argues that we are forcing all pupils
to study as much mathematics as we do out of habit. Since mathematics has been
considered important for such a long time it has also become important, this is ex-
emplified by the fact that many universities require high grades in high level math
courses from their applicants even though mathematics does not seem important
in the professions they are studying for. Hacker argues that a lot of schools and pro-
grams at university level have prerequisites in mathematics just to appear serious and
rigorous. Even if some believe that mathematical knowledge has no greater purpose,
our societies are organized around the idea that mathematical knowledge and intel-
ligence are interconnected which means that high grades in mathematics are impor-
tant to be considered intelligent.

Another reason to study mathematics is that it is a subject in which pupils get to
develop their creativity and reasoning abilities. Paul Lockhart (2009) argues that the
heart of mathematics is about curiosity and finding patterns and relations, and that
schools fail both in realizing this and in teaching this to the pupils. He claims that the
only difference between mathematics and other arts is that our culture considers it a
scientific subject, rather than an artistic and creative one, and that we talk about the
importance of the subject in terms of specific mathematical skills rather than in terms
of a field where we get to explore our creativity and imagination. Lockhart compares
the way mathematics is taught in our culture with an imaginary culture where thor-
ough musical knowledge is considered necessary for everyone, but instead of letting
pupils practice instruments or singing, playing in bands, and performing, the teach-
ing is only focused on musical theory and writing flawless sheet music. Lockhart is a
strong opposer of our current system of mathematics education as he claims that it
kills the pupils’ curiosity and interest in the subject.

Common opinions about why we study mathematics
o [Itis important to understand the modern society and all the advanced tech-
nology that surrounds us.
o [Itis important to be able to handle our private economy.
« Mathematical knowledge increases the general intelligence of pupils.

o Mathematics has become important because our society has considered it
important for such a long time.

« Mathematics is not important and by arguing that it is more important than
other subjects, pupils become reluctant to study the subject which otherwise
could be considered interesting and creative.

Olle Hellblom 27



4.2 What do we teach?

When deciding what pupils should learn in mathematics classes we could use differ-
ent approaches. One way is to ask ourselves what mathematics really is and look at
the results from the history of mathematics to decide what aspects and knowledge
that have been most important to the development of the subject. According to Dag
Wedelin (2015) this approach is too common among those who plan and design our
curriculums. He argues that what we really should ask ourselves is what we want or
need pupils to learn and that the most important aspects of the history of mathe-
matics are the processes that lead to the results rather than the actual results. Just as
Wedelin points out, the long history of mathematics is sometimes a problem when
discussing or arguing for the contents of mathematics education since it can prevent
us from unbiased decisions regarding what is the most important and useful aspects
of the subject. These issues are also looked at by Magdalene Lampert (1990) and
Alan Schoenfeld (1992) who raise the question whether we should teach the school
subject mathematics, or the discipline mathematics as professional mathematicians
perceive it. The fact that the two are perceived so differently, confirms the relevance
of the question.

Pupil beliefs about the nature of mathematics, talent and ability are also important
and these are based on experiences learned both in and outside of school. Some of the
most typical beliefs are that there is only one correct way of solving a mathematical
problem, that a problem always have only one correct solution, that mathematics is
not as much about understanding as about remembering, and that if a person has
not solved a problem within five minutes he or she will not be able to solve it at all
(Schoenfeld 1992). We need to understand that when we are trying to teach math-
ematics, we are also teaching pupils what knowing mathematics is and how to act
when doing mathematics. School experience typically tell pupils that:

Doing mathematics means following the rules laid down by the
teacher; knowing mathematics means remembering and ap-
plying the correct rule when the teacher asks a question; and
mathematical truth is determined when the answer is ratified by
the teacher.

(Lampert 1990, p. 32)

Independent of the contents of the courses pupils are also learning what doing
and knowing mathematics is. Their perception of this is often very different from
Lampert’s and many other researchers” idea that knowing mathematics is a wider
concept that for example includes the abilities to generate strategies and argue for
their legitimacy with conjectures and proofs (Lampert 1990). One reason for this dis-
crepancy is that when we are teaching any subject we are also implicitly teaching the
culture of that subject (Schoenfeld 1992). If we in mathematics classes make pupils
practice algorithms individually by calculating tasks in their textbooks they will learn
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that mathematics is a discipline in which one is supposed to finish an extensive num-
ber of similar tasks, individually and in silence. That is not how mathematicians, who
highlight the importance of cooperative work on difficult and complex problems,
would describe their working-culture (Boaler 2009, Schoenfeld 1992). This means
that the teaching method we use is important since this will represent the working
method pupils associate with mathematics.

As mentioned in chapter 4.1, problems that describe realistic situations are often used
to motivate pupils that mathematics is important and that they will have use of what
they learn. Jo Boaler (2009) claims that real life context should be used in mathemat-
ical problems only if it is realistic and increases pupils’ interest in the problem, but
also that there are many mathematical tasks and problems without context that can
engage pupils. Others claim that problems should always be based in real situations
and the results should be of real interest. This opinion is above all expressed by advo-
cates of a modelling approach on mathematics which I will come back to in chapter
5. Boaler’s research has shown that mathematics can provide pupils with skills that
help them in everyday life but that most pupils do not believe that they will have any
use for what they learn in mathematics classes outside of the classroom. She does not
argue for one teaching model in particular, even if the main object of her research
is to teach using a problem solving approach, but she has found that schools and
teachers who are able to motivate pupils to study mathematics also can help them
see what real world situations can have in common with what they learn in school
(Boaler 2009).

The contents of the curriculum is of course also important for deciding what pupils
are learning in mathematics classes, and one question is if focus should be on skills
that are specifically useful in mathematical context, or on skills and methods that can
be applied in situations outside of school or in other subjects. The Swedish national
agency for education admits that too much focus has been on practising procedures
and calculations in the mathematics education (Skolverket 2015). When the Swedish
curriculums for the upper secondary school were updated in 2011, this was acknowl-
edged and more effort was to be put into practicing other aspects of mathematics
which indicates a shift toward broader and more general knowledge. To highlight
the different aspects of mathematics the plan mentions seven skills that pupils should
develop in all mathematics courses.

The first skill that pupils should develop is their concept skill . They should understand
different mathematical concepts and how they relate to each other. pupils should also
learn how and when to use these concepts. Pupils should also get to practice their
procedure skill by choosing and using algorithms when solving tasks. By solving less
familiar problems that require the pupils to figure out the procedures and strategies
themselves, they get to practice their problem-solving skill. This skill is seen as both
a goal in itself as well as a tool to practice other skills. By developing their prob-
lem-solving skill, pupils could more easily think creatively, discuss alternative ways
of solving problems, and so on. The next skill is modelling skill which means that
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pupils should get the chance to develop their ability to analyse real life situations and
make mathematical models that can represent these. By creating formal proofs and
similar activities pupils should develop their reasoning skill which is needed to make
correct logical conclusions. Pupils should also practice different methods of commu-
nicating through mathematics in different ways depending on the situation and who
the recipient is by developing their communication skill. The seventh and final skill
is relevance skill. This is the ability to understand what relevance mathematics has in
different situations, for example in other subjects (Skolverket 2015).

Apart from these skills every course also has central content that describe what the
pupils should learn more specifically. These official documents often highlight the im-
portance of connecting mathematics to other subjects and situations the pupils will
get into in their professional lives. This means that the mathematics courses could be
different at different schools depending on what programs the pupils are studying at.

The opinion that the content of the mathematics education is too focused on spe-
cific practicing algorithms and facts that many pupils fail to see any use of outside
of the classroom is common amongst researchers of the subject. In chapter 5 I have
identified what I have found to be the three most common solutions that researchers
present to make mathematics teaching relevant and interesting.

Common opinions about what we teach in mathematics classes

o We teach mathematical skills that are needed in everyday life to be able to
handle private economy and to make correct choices in a democratic society.

o We teach pupils mathematical skills that are needed in many different profes-
sions of the modern, high technological society.

o We teach problem-solving skills that are applicable in many other areas than
mathematics.

«  We teach pupils that mathematics is a subject in which memorizing rules and
formulas is more important than thinking and reasoning.

o We teach pupils that the mathematician is a person who works individually
on short well defined problems.

4.3 How do we teach?

The ways we teach in mathematics classes of course vary, but my experience from
being a pupil, a mathematics teacher at university and a teacher trainee at Swedish
upper secondary schools has shown that what Jo Boaler describes as the traditional
teaching is still predominant (Boaler 2009). Many other methods are also being used
and tested and I will describe some of these in chapter 5. In this section I will try to
describe the significant aspects of the traditional way of teaching and how it affects
pupils’ learning.
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A typical traditional mathematics class starts with the teacher showing some for-
mulas and their proofs on the blackboard in front of the class. The pupils then get
to practice the formulas by individually applying them on a number of tasks in their
textbooks. Most of the textbooks I have encountered follow the same structure where
a chapter starts with proofs and formulas that are followed by a few pages of tasks
where the pupils get to apply what has just been introduced to them.

If I had to design a mechanism for the express purpose of
destroying a child’s natural curiosity and love of pattern-mak-
ing, I couldn’t possibly do as good a job as [our present system
of mathematics education] - I simply wouldn’t have the imagi-
nation to come up with the kind of senseless soul-crushing ide-
as that constitute contemporary mathematics education.

(Lockhart 2009, p.21)

As expressed in the quote above, Paul Lockhart is a committed opponent of this way
of teaching. Jo Boaler argues that traditional methods could work well with highly
dedicated teachers but that there is a big risk that it leads to what she calls passive
learning. The characteristics of this kind of teaching is that pupils are learning without
thought, without talking and without reality (Boaler 2009).

Just as mentioned in the previous section about what we are teaching pupils, learn-
ing without thought means that many pupils experience mathematics as a subject
where the most important skill is to be able to remember rules and formulas as well
as possible. Magdalene Lampert describes this as an answer-getting process rather
than an sense-making (Green 2014). When faced with a task or a problem, rather
than analysing and thinking about ways of solving it, the pupils experience that they
are expected to just apply the formulas they have most recently been shown by the
teacher. Research has even shown that pupils’ focus on remembering an abundance
of formulas actually impairs their problem solving ability (Boaler 2009).

Another characteristic of traditional teaching is that pupils work individually in si-
lence. Instead of talking about problems and ideas of ways to solve them, the pupils
are often expected to learn by listening to the teacher, reading, and practicing in
their textbooks. There is a big difference between listening to someone talk about
mathematics and talking about it yourself and explaining it to others (Boaler 2009),
when hearing someone explain something it is often easy to agree that it makes sense,
but in order to really understand it talking and discussions are crucial. According to
Lampert (1990) the traditional classroom environment often fosters pupils who do
not want to explain their thoughts out of fear of being wrong or getting into discus-
sions about more complex problems.

Lampert and many researchers before her have identified many behaviors in conven-
tional classrooms that are not helping the pupils changing their perception of what
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knowing mathematics is (Lampert 1990). First of all, pupils often see the teacher
as an authority who tells the pupils if they are right or wrong which maintains the
idea that finding the correct solution is what is the most important. In her role as a
teacher, Lampert believes it is important to participate in arguments with the pupils
and prove why rules work in a mathematical sense rather than knowing the answers
and explaining how to use formulas. The teacher must be prepared when problems
and arguments evolve in different directions instead of pointing the pupils in a pre-
determined direction. Using and discussing proofs is also important to prevent pu-
pils from using rules or formulas as arguments which is another common behavior.
Other unfavourable approaches come from the fact that pupils seldom get to discuss
their theories and ideas with each other. A classroom environment where pupils are
afraid of expressing incorrect ideas or solutions are holding back many pupils’ op-
portunities to learn.

As mentioned in chapter 4.1, mathematical problems often take place in an absurd
reality. Pupils learn to ignore these absurdities when solving the problems since that
is “just the way it is”. But these types of problems contribute to the fact that many pu-
pils do not believe that they will have use for the mathematics they learned in school
anywhere else in life (Boaler 2009). Not only the problem but also the practices and
rules applied in a traditional classroom are often perceived as absurd or different
from those applied to life outside the classroom (Boaler 2009).

Magdalene Lampert also presents an alternative way to describe traditional mathe-
matics education and how we could change focus from answer-getting to sense-mak-
ing (Green 2014). She argues that the traditional class structure “I, We, You” should
be replaced with the structure “You, Yall, We?” The traditional lesson often starts with
the teacher showing an example “T”, followed by another example that the teacher and
the students solve together “We”, the rest of the lesson the students get to practice on
their own “You” Her alternative lesson structure revolve around one problem that the
students first examine individually “You”, then in groups “Y’all” and finally the class
and the teacher discuss and analyse the problem together “We”.

How we are teaching is also affected by our beliefs related to mathematics (Schoen-
feld 1992). Pupils, teachers’ as well as societal beliefs have great impact on the math-
ematics education. Two important aspects of societal beliefs are what we believe is
possible for the pupils to learn and what method we believe should be used to teach
them. These two aspects affect what expectations we have on pupils and how big a
challenge we believe they can handle. Low expectations on pupils’ ability to learn and
understand has shown to have negative effects on their actual learning (Boaler 2009).
Societal beliefs could also regard what is desirable to learn which is related to the
question why we teach mathematics.

Teachers’ beliefs influence the lessons and the classroom environment and is based

on what views the teacher has on mathematics and how it should be taught. At one
end of the scale are the teachers who believe that mathematics is a subject consisting
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of truths and fact that the pupils need to learn and that the teacher’s role is to distrib-
ute information for the pupils to receive. The teachers at the other end of the scale see
mathematics as a subject that provide a framework in which the pupils can explore
ideas and practice their problem solving ability (Schoenfeld 1992). As mentioned in
chapter 2, the constructivist theory of knowledge and learning has been predomi-
nant for a couple of decades but just as mentioned there, many teachers are afraid of
changing their way of teaching and research has in fact shown that many teachers re-
vert to the the way they themselves were taught in school after finishing their teachers
education, ignoring much of what they have learned at university (Schoenfeld 1992).
Most teachers still show examples on the whiteboard and let pupils work in their
textbooks. The problem-solving approach is often considered the standard method
for constructivist teaching (Lorsbach & Tobin 1992) but problem-solving is still often
reduced to a small part of the subject instead of being a general approach used when
learning other mathematical content as well.

Schoenfeld (1992) believes that the reason that teachers do not use problem-solving
strategies to a greater extent is that it is more difficult for them in three aspects. First,
it is more difficult mathematically since the teacher has to consider and analyse pu-
pils’ different approaches instead of just the one that the teacher chooses. Second, it is
a greater pedagogical challenge since the teacher has to allow the pupils to solve the
problems their own way instead of instructing them how to follow the method the
teacher has decided. Lastly it is more difficult personally since the teacher often will
find him- or herself in the situation of not knowing the answer.

Common opinions regarding how we teach mathematics
o We are teaching the same way we have been teaching for a long time which
has proven to work well.

o The traditional way of teaching is not up to date with the current ideas about
knowledge and learning.

o The mathematics education is focused on answer-getting rather than
sense-making.

« Traditional mathematics education does not encourage but rather opposes
group work, discussions and reasoning.

« Problem-solving is only perceived as contents of mathematics courses but is
should be the general approach to the subject.
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5 Mathematics education - Alternatives

Many agree that something has to be done about the mathematics education. But
the opinions on what we should do to solve the problems vary a lot. From the idea
that we are on the right track but the lacking results are due to a lack of resources, to
the opinion that we should not teach mathematics at all or teach it without grading
pupils’ performance.

In chapter 4 i tried to describe the predominant way we are currently teaching in
mathematics classes and problems that are highlighted by researchers and authors on
the subject. In this chapter I will list some of the ideas about how we could and should
teach mathematics that I have encountered during my research. I have focused on
teaching ideas that are specific for mathematics education even though some of them
resemble other more general teaching methods and philosophies.

5.1 A problem-solving approach

I have found that the most widespread opinion about how we should teach mathe-
matics is that we should focus more on problems and problem solving rather than
practising rules and calculating standard tasks. The idea that problem solving is the
heart of mathematics and that it should be the main focus of mathematics educa-
tion has been expressed at least since the end of the 1970’s (Schoenfeld 1992) and is
still very common today (for example Posamentier & Krulik 2008, and Hagland, He-
drén & Taflin 2005). Many teacher organisations and school officials has argued that
problem-solving is a fundamental part of mathematics and that it should pervade all
mathematical activity in school (Posamentier & Krulik 2008). It is not always obvious
however, if problem-solving is a skill that is needed to better understand and learn
mathematics or if the problem-solving skill itself is the mathematical knowledge that
pupils should acquire. This duality is expressed in the Swedish official documents
describing the purpose of mathematics.

Teaching shall strengthen pupils’ confidence in their ability to
use mathematics in different contexts, and provide space for
problem-solving as both ends and means.

(Skolverket 2015, my translation)
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Since most of the texts I have read that advocate for a problem-solving approach are
texts regarding teaching methods rather than mathematical contents, I would say
that the main focus of the problem-solving approach is its efficiency as a teaching
method. But just as mentioned in chapter 4.2 teaching methods also affect what stu-
dents learn. Problem-solving is considered important for pupils ability to learn the
contents of mathematics courses, and for helping pupils understand how mathemat-
ics can be applied in other subjects and in real life situations (Boaler 2009).

Problem-solving strategies

When distinguishing problems from standard tasks, many highlight the character-
istics of a problem as the absence of an algorithm that will lead to the solution. For
example Posamentier & Krulik defines a problem this way, which is similar to many
others’ definitions:

In essence, a problem is a situation that confronts a person, that
requires resolution, and for which the path to the solution is not
immediately known.

(2008, p. 1)

When trying to solve problems it is necessary to take one step back to try and find out
how to solve it and what algorithms might be useful. Teaching pupils to analyse and
look at the whole picture this way is often referred to as teaching problem-solving
strategies. One of the most classic texts about problem-solving strategies is George
Pélya’s “How to solve it’, first printed in 1945. One of the main topics of the book is
heuristics, the study of methods for discovery and problem-solving, and Pdlya ar-
gues that it is important to take heuristics into consideration when designing teach-
ing models in general and especially when designing mathematical teaching models
(PSlya 1973).

Heuristics can be used to design strategies for problem-solving which in turn can be
taught to the pupils. By focusing on problem-solving strategies that are applicable
to problems in many different contexts pupils learn how to approach contents and
subjects unknown to them. The problem-solving strategy Pélya designed consists of
general questions that can be applied to almost any problem:

Understanding the problem.
Devising a plan.

Carrying out the plan.

Ll

Looking back.

(Pélya 1973, pp. xvi-xvii)

Olle Hellblom 35



Teaching pupils different strategies and to analyse their own strategies is a common
component of a problem-solving approach. Eva Fiilop’s research (2015) show that
focus on the first steps of problem-solving where the pupils have to decide which
methods to use can help pupils develop their creativity by trying different ways of
solving problems rather than giving up when faced with a difficult problem that they
do not know how to solve. Posamentier & Krulik (2008) claim that working with
problem-solving strategies is an important tool to make pupils aware of the methods
they use both in school and in everyday life to solve problems. We often encounter
tasks that we are familiar with and know how to solve but to practice our ability to
solve other, more complicated problems, studying problem-solving strategies is an
efficient method. Mathematics courses in schools are often planned and connected
by how the contents in the different courses relate to each other but we often neglect
the fact that similar strategies can be used throughout most parts of mathematics. By
focusing on strategies and their general applicability we can help pupils see the pur-
pose of practicing problem-solving and there is a better chance that they will learn to
see mathematics as a fascinating subject for problem-solving (Posamentier & Krulik
2008).

Group work and discussions

One of the most common and important aspects of a problem-solving approach is
that it is a method that advocates changing the conventional mathematics learning
environment where pupils work individually and silent into a place where collabora-
tion and discussions are encouraged (e.g. Boaler 2009 and Hagland, Hedrén, & Taflin
2005). One argument for this way of studying mathematics is that it resembles the
way professional mathematicians work. This brings legitimacy to the method in two
ways, it indicates that it is an efficient method and it teaches pupils a methods that is
used in the mathematical discipline outside of the school (Lampert 1990). It is also
helping pupils express ideas and argue for their opinions which is an important part
of problem-solving. Discussions in class help pupils understand that there often are
many alternative ways of solving the same problem and a discussion of the effective-
ness of different strategies and methods can take place (Hagland, Hedrén, & Taflin
2005). When the environment in a classroom is encouraging pupils to make guesses
on solutions and methods they get to see that the most important aspect of mathe-
matics is not necessarily the results and solutions. When highlighting the discussion,
the reasoning and the arguments pupils have better opportunity to improve their
confidence and courage when solving problems.

We all use problem-solving strategies subconsciously in everyday situations but by
pointing out the specific strategies and illustrating them with examples teachers can
create a learning environment where pupils can improve their problem solving skills
as well as other mathematical abilities (Posamentier & Krulik 2005). Posamentier and
Krulik lists ten problem-solving strategies that teachers and pupils could use when
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trying to figure out how to best solve a problem and they point out that most prob-
lems can be solved using a number of different strategies:

Working backwards

Finding a pattern

Adopting a different point of view

Solving a simpler analogous problem

Considering extreme cases

Making a drawing (Visual representation)

Intelligent guessing and testing (Including approximation)

Accounting for all possibilities (exhaustive listing)

O N e » D

Organizing data
10. Logical reasoning

(Posamentier & Krulik 2005, p. 5)

Talking in mathematics classes is also important since it helps pupils deepen their
knowledge and understanding. Helping others and explaining is an efficient learn-
ing method which is a reason why many argue that groups with pupils on different
levels of ability is prefered since this can help evoke dynamic conversations in classes
(Boaler 2009).

Projects

Another possibility when using a problem-solving approach is to teach mathematics
by working with projects. Rather than focusing on practising one specific method,
projects let pupils explore larger problems in different direction. As the pupils are
faced with questions along the way they have to find out what methods they need
to answer them. Working in projects means working with many different areas of
mathematics at the same time rather than focusing on one specific set of methods
and formulas which often is the case in traditional teaching (Boaler 2009).

5.2 A modelling approach

Another common opinion about how we should change mathematics education is
that we should focus on mathematical modelling. When working with models, the
main focus is always on the process and the pupils have to analyse their models and
their results in order to understand what changes they could do to their models to
get more accurate results. A models and modelling focused mathematics education
is a platform where pupils need to work in groups, discuss their ideas, and analyse
their results while working on realistic problems that they find meaningful (Lesh &
Doerr 2003). Teaching modelling and problem solving in combination can be very
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effective both when it comes to teaching specific abilities and knowledge, and as a
way of helping students understand the purposes and applications of mathematics
(Wedelin & Adawi 2014).

The modelling approach to mathematics education is to some extent similar to the
problem-solving approach since mathematical modelling also revolves around solv-
ing problems. But the starting point of the problems and the methods are different.
In a traditional, as well as in a problem-solving approach to mathematics education,
pupils usually have to try and make meaning of abstract tasks or problems them-
selves. A modelling perspective starts out at the other end and makes mathematical
problems out of real world situations. This often means that the problems solved in a
modelling approach are ill-defined, or ill-structured, rather than well-defined which
is usually the case. Learning how to create models to describe or analyse real world
situations can help pupils become better problem solvers in everyday life, and pro-
vides them with tools that help them handle and understand complex situations that
this modern life puts them in (Lesh & Doerr 2003).

The modelling approach focuses a lot on the applications of mathematics, which is an
efficient way to motivate pupils as they understand what use they can have of math-
ematics outside of the school system (Levy 2015). Mathematical modelling resem-
bles the way mathematics is used in many different disciplines, such as engineering
and economics, which connects mathematical knowledge to other subject that pupils
study in school and might work with in the future (Ang 2001). This way of adapting
mathematics education to methods used in other disciplines differs from the perhaps
more common opinion that mathematics education should resemble the way math-
ematicians work, which for example implies prioritising learning how to formulate
formal proofs and similar activities.

To describe what modelling problems is I use Wedelin and Adawi’s (2015) seven
principles for how to design realistic problems that can be used for teaching model-
ling. First of all, the problem should be real in the sense that the solution should be
of interest either in a direct or indirect way. The following two principles are that the
problem should be challenging both to understand and to solve. Modelling skill is
practiced when students are faced with ill-defined, complex problems that they will
have to try and simplify to overview and understand, and by solving difficult prob-
lems they practice their problem solving ability. The fourth principle states that prob-
lems should not require learning of extensive new theory before being attempted. Al-
though many real problems might require the problem solver to understand existing
theories, the learning focus might shift from the process of solving and understand-
ing problems to understanding theory if the problem requires too much theory that
is not previously known to the students. Principle five states that the problem should
be easy to remember as a case. In conventional mathematics education students are
often expected to calculate an abundance of small tasks. Working with fewer but
more extensive problems helps students distinguish the different tasks from each oth-
er which can also help them to compare strategies and solutions to problems they
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have already solved. Wedelin and Adawi claims that designing problems with help
of these principles support learning in three dimensions, students become familiar
with real-world problems, students get to know concepts and theory needed for cal-
culations and students learn modelling processes and skills. The last two principles
regard these three dimensions of learning and state that the teacher should provide a
perspective on the problem in all three dimensions of learning, and that the teacher
should create a problem set with variation in all three dimensions of learning. Dis-
cussing and analysing different aspects of the problems and solutions with the stu-
dents is an important part and these three learning dimensions is a way to compare
models with real-world problems and different methods to find solutions.

Learning mathematical modelling involves learning how to use mathematics to
describe and analyse problems or situations in non-mathematical contexts. Doing
so requires simplifications, guesses and assumptions which are somewhat unusual
mathematical methods to most pupils since they generally consider mathematics a
subject that requires great accuracy and exactness (Schoenfeld 1992). Many engineer-
ing students know much more mathematics than they are able to use since they have
never gotten to practice the applications of it in their mathematics classes (Wedelin &
Adawi 2014). One essential part of mathematical modelling is the modelling cycle. It
describes a method for designing mathematical models and consists of a number of
steps that the pupils should repeat until they consider their results adequate.

There are obvious similarities between the modelling cycle and models for prob-
lem-solving strategies (e.g. Polya 1973), but I would say that the main difference is
that problem-solving strategies aim to find the correct solution whereas the model-
ling cycle is aiming to find a satisfying result. This means that the evaluation of the
results is different in modelling compared to problem-solving, since evaluation often
is synonymous with validating when it comes to problem-solving whereas the results
of a model must be evaluated through analysis and argumentation for the adequacy
of a result.

5.3 Redefine mathematics

While advocates and researchers of a problem-solving approach and a modelling
approach mainly argue for different answers to the question how we should teach
mathematics, others instead question the current idea of why the pupils should learn
mathematics at all. As mentioned in the introduction of this chapter, most research-
ers agree that there are issues regarding mathematics that we need to deal with, for
example the high number of pupils that fail mandatory mathematics courses, poor
results on international tests, and the fact that many pupils consider mathematics
meaningless and boring. Some argue that the best way to solve these problems is to
change the school subject mathematics fundamentally and to question the very idea
that mathematical knowledge is important.
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If mathematics is not necessary, we should probably change how much we emphasize
it in school and how we perceive the subject, but this is not easily done. First of all
there is no consensus that mathematics is not important. As mentioned in section
4.1, mathematics has had an important role in our society for a very long time, and
many oppose the idea to put less emphasis on mathematics since it is already such an
important part of the educational system. Grades in mathematics are also considered
an important proof of a pupil’s or a school’s general ability or quality (Hacker 2012).
Even if there would be evidence showing that a change would be beneficial, there
would still be many who would not want us to change the way we teach. New ideas,
even if they would be based on evidence from research, are often opposed by people
who want things to remain the way they are. These opinions are common among
all groups who are interested in education: parents, teachers, pupils, and politicians
(Boaler 2009).

Logical reasoning

Lundin (2011) has found that the Swedish mathematics education has been criticised
using similar arguments for almost two hundred years. He claims that the fact that
we still have not been able to change it into the subject many believe it could be,
point to the fact that it is not the methods but the actual subject that is the problem.
Lundin argues that the constant dissatisfaction with the subject does not necessarily
indicate that we should try harder to find better ways to teach. We blame poor results
and unmotivated pupils on pupils, teachers, and assessment systems alternatively but
some argue that the only explanation to why otherwise intelligent and capable pupils
taught by competent teachers fail time after time is that there is something funda-
mentally wrong with the school subject mathematics (Magnusson 2012).

To solve the problems with low achieving, stressed, and unmotivated pupils one solu-
tion could be to radically change the purpose and idea of mathematics education.
Since most people will never have actual use for most skills taught in high school
mathematics some argue that there is no reason to teach these topics to pupils who
are not specifically interested in mathematics. Instead we should focus on teaching
the very basics that is useful to everyone (Magnusson 2012). Any further time and
effort should be put on another subject such as logical reasoning or mathematical
thinking (Magnusson 2012 and Wedelin 2015). Both these ideas, though somewhat
different, are based on the idea that the subject mathematics has a long history as an
academic subject which makes it almost impossible to change into something that it
relevant and useful to the general public.
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An artistic subject

If we are unable to convince pupils of the necessity of mathematics, another way to
motivate them is to convince them that mathematics is interesting and fascinating in
itself.

In his critique of the american K-12 learning standards Paul Lockhart (2009) ar-
gues that pupils who consider math class stupid and boring are right. What Lockhart
means is that mathematics and the subject taught in mathematics classes are two
completely different things. While he argues that mathematics is an art form that
should encourage creativity and arouse curiosity, he means that mathematics edu-
cation engage in a subject that rather values skills such as discipline and precision.
Instead of arguing that the study of mathematics is necessary for our everyday lives,
we could argue that it is important for our imagination and creativity, or just fun.
Lockhart (2012) points out that the physical reality that we all live in and the mathe-
matical reality are two different things, and that we should point this out to the pupils
as well. In the physical world there are no points, lines, circles or right triangles, these
exist only in the mathematical reality. Mathematics exist in our minds and there we
can create and analyse perfect mathematical shapes and figures that do not exist in
the chaotic physical reality.

Both Berndtsson (2015) and Lockhart (2009) argue that if mathematics was to be
likened to any other subject it most of all resembles artistic subjects like composing
music or painting. This means that mathematics could be fun and creative, but it does
not explain why all pupils have to study the subject so extensively. In fact, Lockhart
believes that the motivational problems stem from the fact that our society considers
mathematics to be so important (2009).

5.4 Summary

The three different solutions to the problems regarding mathematics education that
I have presented here can be looked upon as different levels of critique. The prob-
lem-solving approach is primarily focusing on how we are teaching mathematics,
the implementation of this idea does not necessarily need any significant changes in
curricula or the way the subject mathematics is looked upon. Dedicated teachers and
supporting school management are enough to reach the goals of a problem-solving
approach as Boaler (2009) and Lampert (Green 2014) give examples of.

This is to some extent true for a modelling approach as well but this idea is also fo-
cusing on the question what we are teaching. This approach is calling for a greater
emphasis on the applications on mathematics which could imply that the contents of
the mathematics education needs to be adjusted to this idea. As mentioned in chapter
4.2 modelling skill is already one of the skills that Swedish upper secondary school
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pupils are supposed to develop but despite this most pupils finish high school with
very little experience of mathematical modelling (Wedelin & Adawi 2014).

The third idea to redefine school mathematics is the most radical solution to the
problem as it mainly questions the reason why we are teaching mathematics. Both a
problem-solving, and modelling approach do this to some extent, but do not stress
this with as much emphasis. For this idea to be implemented, changes on a societal
level are required. Teachers could highlight some of these ideas and discuss questions
regarding the issue with pupils but since teachers have to adjust to national learning
objectives it would be difficult to implement the teachings of a redefined version of
mathematics. In chapter 7 I will go more into detail on what is needed to implement
any of the ideas presented in this chapter.
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6 Mathematics and architecture -
A comparison

The main reason for me to compare the two subjects architecture and mathematics
is because I have experienced two very different kinds of problem-solving strategies
in school, one in mathematics education and another when studying architecture.
In mathematics, problem-solving is emphasised as an important part of the subject,
while I cannot recall ever discussing the subject at architecture school. There, much
focus is on creativity and students get to practice ways of exploring and expressing
their ideas and opinions. I believe that the role of the architect could be looked at as
the role of a problem-solver and that the two subjects therefore could have much in
common.

6.1 Well-defined and ill-defined problems

While mathematical problems often take place in a reality of their own (Lockhart
2012), or in an absurd version of the reality we live in (Boaler 2009, Lundin 2011), ar-
chitectural problems are in one sense often much more real. A typical introduction to
an architectural project could be that the teachers and the students visit the location
where this specific project is to be built. Even if the students” projects most probably
will not be built, these projects are often based in real problems, ideas or plans, for
example of a new building at a certain location. From discussions about the sight
and the purpose of the building the students start working on the project. There are
also often some requirements regarding, for example, the function and the size of the
project. After the introduction to the project the students have to plan most of their
time and structure their work individually or in groups. They have access to tutoring
at regular intervals but have to answer most of the questions that arise by themselves,
or by discussions with their peers.

These are some of the aspects of a typical architectural project as I have experienced
it. When comparing this to my experience of mathematical problem-solving I have
difficulties in finding any similarities at all. As mentioned above, architectural prob-
lems are often very open and ill-defined, there are always some constraints that one
has to relate to but there are unlimited ways to tackle the problems and infinitely
many solutions. In mathematics education, problems and questions are often much
more exact which limit the possible approaches and solutions. On the other hand
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Berndtsson (2015) claims that the problems that mathematicians work on often are
much more ill-defined than the ones found in textbooks. This could mean that math-
ematical and architectural problems have more in common than I have experienced.

I believe that my impression that mathematics and architecture is so different is not
only based on my own experience, but also comes from the widespread idea that
mathematics is a subject where every question and solution is well-defined and exact,
and that architecture is a creative subject with no objective truths.

6.2 Hard and soft knowledge

Hard knowledge is that which is accepted as indubitably uncon-
tested, while soft knowledge is denoted by a lack of agreement
about its properties and is characterized by contestation.

(Hall, Clegg & Sillince 2008, p. 68)

I would say that one reason for the difference between the subjects is that hard knowl-
edge is valued in mathematics education while architecture values soft knowledge.
Hard knowledge in this case being for example truths, facts, formulas, and multipli-
cation tables, and soft knowledge innovation, creativity, ingenuity, beauty et cetera.

This makes the conditions for testing knowledge and assessing pupils very different
in the two subjects. In mathematics, there are specific goals that all pupils should
achieve, and national tests are used to test and grade pupils without the individual
teacher being able to influence the grade. When grading an architectural project or
task, the teacher’s preferences and opinions are always important factors. Lockhart
(2009) claims that it does not have to be this way but that the fact that our culture
considers mathematics a science and architecture an art form is the reason for this
difference.

Another example of how the school system tend to value hard knowledge higher
than soft knowledge can be found in a study referred to by Lawson (2006). Children
who scored highly on creativity tests were compared to children with high scores on
intelligence tests. The conclusions were that the so called creative children were in-
dependent and wanted to go their own way, while the supposedly intelligent children
were more compliant and wanted approval from their teachers. When the teachers
were asked which pupils they liked the most, the intelligent children showed to be
more popular than the creative.

I believe that this pinpoints one of the major issues with the school system, that we
not only want to promote the pupils’ learning possibilities, but also want to shape
them into well mannered citizens that are adaptable and can take instructions. At
Uppsala universitet, Sweden’s oldest university, there is a controversial inscription
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that expresses this view: “Tédnka fritt dr stort, men tdnka ratt ar storre” [To think free
is great, but to think right is greater] (Uppsala universitet 2015). This quote, although
perhaps taken out of context, expresses an issue that the school system has to deal
with. Furthermore I think that the way mathematics is taught today fits well into a
system where you get to give exact instructions and expect to get exact results from
the pupils.

6.3 Creativity

In architectural projects, just as Morten Lund (2015) points out, much focus lies on
the process and the questions the students has chosen to focus on. The students are
not necessarily expected to present a finished project in the sense that the building
could be built directly from the documentation, but rather to highlight the most im-
portant aspects and ideas of the project.

There is a lot of literature about mathematical problem-solving strategies and many
authors and researchers argue that we should focus on the process rather than the
results in mathematics as well, for example Polya (1973), Boaler (2009) and Lockhart
(2012). There are many handbooks for problem-solving that describe different meth-
ods for how to approach mathematical problems and these are somewhat similar to
the methods used in architecture. The idea of a greater focus on problem-solving in
mathematics education resembles Lund’s (2015) ideas that students need to be aware
of the methods they are using, both to argue for their choices and as a tool for coming
up with new ideas. This idea that strategies for creative thinking is needed for prob-
lem-solving, is something that I myself have never come across in mathematics edu-
cation, but that could be one of the main arguments for the idea that the architecture
and mathematics have much in common.

The common perception seems to be that creative subjects is synonymous with artis-
tic subjects, architecture often fall into this category but mathematics seldom do. On
the other hand, the importance of problem-solving in mathematics is often stressed,
and problem-solving without creativity is not really problem-solving, as for example
expressed in the interviews I have conducted. I believe that this contradiction, that
problem-solving is an inevitable part of mathematics and the idea that mathematics
is not a creative subject, is a big problem when it comes to the purpose of mathemat-
ics and how we should teach it.

Some people, like Bo Berndtsson (2015), are able to see and appreciate the creative
elements of mathematics at an early age, but many pupils, teachers and parents do not
(Schoenfeld 1992). Most people do not associate the repetitive elements and facts to
be learned by heart with creativity. On the other hand, creative subjects also consist of
facts and skills that its practitioners have to practice. Exercises in drawing technique
to be able to make sharp and clear drawings is not necessarily a creative chore, but it
is a tool that architects need to express their ideas.
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7 Conclusions

My research has provided me with methods and arguments for different approaches
to mathematics education and many valuable ideas for how to plan and implement
a variety of pedagogical ideas regarding mathematics education. I think that the re-
sults of this thesis will be of great use in my, and hopefully some of my peers, future
professional lives. I have already experienced the complexity of the work of a teacher,
and the knowledge I have gathered during the work on this thesis will be very useful
in discussions with pupils and colleagues about their ideas about mathematics, and
for inspiring and motivating pupils.

Mathematics education is a very complex subject on many different levels and de-
pending on which level one chooses to analyse or criticise, the solutions can look
very different. I have been interested in all these levels, from questions about how to
practically motivate pupils in the classroom and help them learn and achieve high
grades, to questions regarding the nature and philosophy of mathematics and what
role mathematics play in our society and everyday lives.

One of the questions that I expect to hear as a teacher and which I have feared is
“Why are we supposed to learn this?” Many pupils do not see any purpose of know-
ing mathematics but our educational system considers it very important. My own
opinion is somewhere in between the two. On the one hand I find many of the argu-
ments for an extensive mandatory mathematics education insufficient and strange,
but on the other I think that mathematics is fascinating and interesting and I hope
to be able to inspire many of my future pupils to see the beauty of mathematics.
Pragmatically, one could also argue that the fact that high grades are considered im-
portant is a reason for pupils to consider the subject important, however the question
about tests and grades, and how these affect pupils is another complex issue which I
have not focused on in this thesis.

One of the main reasons for me to write this thesis was that I believed that math-
ematics could be more interesting and fun for many pupils if we make classes and
problems more focused on creativity and exploration. Ideas about a focus on prob-
lem solving as well as the opinion that mathematics should be considered an artistic
subject have given me deeper insight in this area but I have also found arguments for
a more practical and pragmatic view on mathematics in the modelling perspective. I
find this perspective very interesting as well, and I believe that they are very similar in
some ways. I find the ideas of a problem-solving approach and a modelling approach
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similar since they both emphasise the importance of strategies and the process, the
main difference being that the problem-solving approach uses the process to find a
solution, whereas the process and the results are more interconnected in a modelling
approach where the results is just one part of the modelling cycle.

Before I started to think about this thesis, I have thought about different mathemati-
cal problems that I would like to use, instead of, or as a complement to textbook tasks,
when I work as a mathematics teacher. The evolution of the problems in my mind
have shifted focus from, for example, the philosophical aspects of mathematics, to
problem-solving strategies, to a modelling perspective, and back again. And I realise
that many of the ideas about mathematics are interconnected. I believe that we can
choose to look at mathematics in any way we want as long as we are able to motivate
pupils to study the subject out of curiosity rather than out of constraint.

7.1 Mathematics and creativity

I would say that all suggestions for how to change mathematics education agrees
with Lampert’s idea to change from the traditional answer-getting process towards
sense-making (Green 2014) and that the creative aspects of mathematics are very
important is in line with constructivist ideas about learning. Most researchers seem
to agree that learning is best supported by focusing on processes and strategies rather
than on calculations and results. I would say that the main difference between the
three different categories of solutions I have identified, is if we should study pure
mathematics or applied mathematics. Figures 1 and 2 show a conceptual framework
of similarities and differences of the three different suggestions; a problem-solving
approach, a modelling approach and mathematics as an art. I have chosen to exclude
other way of redefining mathematics mentioned in section 5.3, mathematical think-
ing, from the framework since it suggests to broaden the school subject mathematics,
and the framework revolves around different views on mathematics.

Figure 1 shows that the three suggestions have in common the idea to strive towards
sense-making rather than answer-getting which Lampert argues is dominating in
traditional education (Green 2014). The differences lie in which kind of mathematics
to focus on, pure or applied.

Figure 2 highlights and summarizes the different ways the three suggestions answer
the questions why, what and how asked in chapter 4.
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7.2 Implementing change

Questions about the nature of mathematics and what reasons we have for putting
such great effort into mathematics education have interested me for a long time, but
when writing this thesis I have found that many of these questions are difficult to re-
late directly to the everyday work of the practicing teacher. It seems as if most of the
different approaches to mathematics education can be applied rather independently
of the curriculum, but it requires support from the heads of the schools and col-
leagues. The teacher could discuss different aspects of mathematics with the pupils
depending on belief. I do not think that one truth is necessarily better than the other,
and I believe that it is often possible to highlight for instance the artistic and abstract
aspects or the applications of similar problems, depending on what the teacher be-
lieve the pupils are most susceptible to.

In this thesis I have described the current state of mathematics education and what
is seen as its major problems, different ideas about how we could improve it, and in
what ways mathematics is different from subjects that are generally perceived as cre-
ative, such as architecture. As mentioned there are a lot of different opinions about
what we should do to increase pupils’ interest for mathematics, and consequently also
their ability in the subject, but implementing any of these ideas seem very difficult. I
would say that the problem with carrying out change is twofold, first of all we need
to agree on a solution to the problem that will work on all levels, for pupils, teachers,
schools, universities and future employees of the pupils. After reaching agreement on
what to do it is as important to make sure that the changes are actually carried out,
and for this to happen we need a broad support for the changes and structures to help
all involved learn the new philosophy and methods (Green 2014).

One example of the difficulties of implementing change is that three major reforms
of mathematics education have been implemented in the United States, in the 1960’s,
the 80’s and in recent years, but none has had the positive impact researchers and pol-
iticians hoped for (Green 2014). Instead the reforms have resulted in resistance or at
best in confused teachers and pupils, who try to teach and learn with the use of new
methods and material without knowing how to use them. Changes require a lot from
our teachers, and maybe working through a textbook from the first page to the last
and showing the examples on the chalkboard is not enough, maybe we need teachers
who cooperate and develop study plans that work best for their pupils, maybe we
need teachers who dare to test new methods and challenge their old assumptions
about which teaching methods are best. Whichever methods we want our teachers to
use, they need good conditions to do so and develop their teaching ability.

Implementing change is difficult but not impossible. Japanese mathematics educa-
tion shows that the same ideas that failed in the United States during the 1980’s can
work to efficiently change the organization of mathematics education. In Japan they
managed to establish change on all levels and provided possibilities for teachers to
learn about the new methods and continuously develop their ability, for example by
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making sure that teachers were able to cooperate and learn from each other and from
public lectures that they could attend (Green 2014). Hopefully future Swedish educa-
tional reforms will be as successful.
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Appendix A

Transcript from interviews

Regular text: Interviewee, italics: Interviewer.

Interview with Bo Berndtsson
2015-05-04

Jag skriver om .. pedagogik, matematik, problemlosning och kreativitet. Utgangspunk-
ten dr att synen pad kreativitet och problemlosning har jag upplevt som sd skiljd inom
arkitekturen och matematiken. Till att borja med vill jag intervjua lite olika mdnniskor
som sysslar med problemlosning. Kan du presentera dig och vad du gor lite snabbt?

Jag ér professor hir [pa Chalmers] sen ett antal ar tillbaka och forutom undervisning
och sa sa sysslar jag alltsa med forskning inom komplex analys och geometri kan man
beskriva det som. Och det innefattar dels att skriva artiklar sjalv och ihop med olika
samarbetspartners och dels handledning av doktorander och examensarbetare. Och
det ér ett ganska fritt omréde pa det sittet att jag i véldigt stor utstrackning bestim-
mer mina arbetsuppgifter sjilv. Samtidigt sa, man kan ju vélja problem och sént som
man vill skriva om sjdlv i stort sdtt, men samtidigt maste det vara ndgonting som
andra dr intresserade av om man ska kunna fa anslag och bli nagorlunda respekterad
inom sitt omrade sa maste man ju halla pa med saker som folk tycker dr bra da. Sa det
ar ju inte helt kravlost &ven om man viljer sjilv vad man ska syssla med.

Du forvintas forska inom nya omrdaden?

Tja, nya och nya. Det méste ju finnas nagot slags nyhetsviarde med det alltsa. Och det
ar vildigt uttalat i matematik kan man val sdga. Jag tanker ofta pa det i manga sam-
manhang om man tittar pa, det finns ju manga olika saker som kallas for forskning,
inom andra omraden. Det finns forskning, dels inom naturvetenskaperna, kemi och
fysik och sa vidare, och sen sa finns det ju forskning inom sambhéllsvetenskaper och
det ena och det andra va. Och en hel del av den forskningen som man hér ndmnas pa
radio eller ldser om i tidningar och sadar, det ror ju inte sadana saker som matematik
da, for att det ar ndgonting som édr ganska svart att forklara for gemene man vad det
egentligen handlar om.

Och mycket utav det som kallas forskning da, som till exempel inom samhéllsveten-
skap och s4, det skiljer sig sa mycket fran min verksamhet sa jag skulle egentligen inte
kalla det for forskning alls. For om du tittar till exempel pa folk som skriver om den
haér véljarundersékningen och analyserar svensk politik och sa vidare. Da verkar det
ju inte krdvas nya idéer pd samma sitt, utan om man vill ha reda pa hur ménga som
har gatt fran Centerpartiet till Kristdemokraterna eller vice versa s gor man i stort
satt en statistisk undersokning och sa kollar man vad man fér for svar. Det tycker jag
ar mer en inventering. Det ar sakert en vrangbild jag gor for det maste vara nagonting
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mera i det, men i matematik ar det véldigt uttalat detta att om en artikel ska vara vard
att publicera sa maste den innehalla en ny idé. Sa det handlar vildigt mycket om nya
idéer.

Min forsta fraga jag har nedskriven handlar om vad problemlosning dr och hur du ar-
betar med problemlosning. Skulle du siga att du arbetar med problemlosning?

Det skulle jag nog sdga. Da finns det olika typer av problemlosning. I matematiken
finns det ett antal problem som cirkulerar och det uppstar hela tiden nya problem
och det finns en massa sahar klassiska problem i matematiken till exempel, en del har
blivit 1osta da till exempel det hér, du har sdkert hort talas om Fermats stora sats och
sa dér, som var ett olost problem sedan 1600-talet som lostes for inte sa lange sen.
Och andra sahir spektakuldra genombrott. Och sen finns det ju dd mera ménskliga
problem som dyker upp som gar ut pa att forskare A kommer fram till nagon for-
modan, ndgonting som han inte kan bevisa, och sen si dr det nagon annan som gor
det och som da har 16st det har problemet. Men sen finns det ndgonting annat som
ar valdigt besldktat men som inte r riktigt samma sak och det dr egentligen att hitta
nya fragestallningar och det tycker vil jag da att det innehaller ett lika stort matt av
kreativitet som att 16sa ett problem som nidgon annan har stéllt.

I skolans virld sa pratar man om problemlosning som ett sdrskilt sitt [att rikna] till
skillnad fran att rikna standardtal, sd dr problemlosning en annan typ av...

Just det, men da ror det sig ofta om valdigt val definierade problem som framfor allt
skiljer ut sig pa det sattet att man kan veta sékert att de har en 16sning for det dr nagon
som har konstruerat dem for att de ska ha en l6sning. De flesta problem som dyker
upp de kanske inte har nagon sadan losning. De kanske méste formuleras om, man
kanske maste gora nagot annat istdllet, sa det r en skillnad.

Det ir ju lite lustigt det ddr, man kan tycka forst att det ér lite - de allra flesta problem
som man kan tdnka sig som dyker upp i nagon tillimpning av matematiken de har
ju ingen snygg losning. Men alla problem som man léser i lairobocker de ska ha en
mer eller mindre snygg l6sning, en avgransad l6sning. Sa de dr valdigt otypiska pa
det sittet, liroboksproblem. Men de ar ju dir mera som ett slags 6vning i problem-
losande da. Det dr ett battre satt att lara sig materialet att 16sa sédana problem &n att
bara ldsa det. For om man bara ldser det si fastnar det inte alls pa samma sitt.

Jag ser det ibland som att de hdr fragorna dr sa exakt stillda vilket gor att det finns ett
exakt svar. Ar de problemen som du jobbar med mer luddiga i formuleringen eller dr
de lika [exakta?]

De dr nog - manga av dem ar nog sadana att de kan tankas ha ett exakt svar dd men
det dr inte alls sdkert att det finns nagot sitt att ta reda pa det di. Men som sagt,
mycket ligger da i att kanske dndra pa problemstéillningen och hitta nénting annat i
anslutning till det. Delresultat kan man ocksa tala om och sant dér. Och allting gar
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inte ut pa att l6sa precis de problem som rakar cirkulera utan mycket handlar om att
skapa ny teori och nya fragestallningar och sa.

Jag har en annan fraga: Vad kinnertecknar en bra problemlosningsprocess? Finns det
nagra sadana generella tankar som du har eller erkdnda metoder for hur man [bdst
loser problem?]

Det finns ju folk som har analyserat - jag kan inte s& noga - men det finns ju folk
som till och med har skrivit bocker om detta. Hur man loser problem alltsa. Men det
ar ju ingenting som jag medvetet anvander mig av, sadana recept for hur man loser
problem, det 4r det ju inte. Jag tror det finns en bok utav Polya till exempel som heter
“How to solve it” dar han gar igenom olika exempel och visar pa strategier for att 16sa
olika problem. Jag kommer inte riktigt ihag, jag tror inte jag har last den heller, men
det ar val fragan om att man hittar nagot liknande fast enklare problem och sa dar
som man loser forst och sa.

Men du har inga steg eller metoder som du anvinder?
Nej det kan jag inte sdga att jag har.

Jag har list lite om den kreativa processen. Inom arkitekturen dr det svdrt att sdtta fin-
gret pd vad det egentligen dr - hur man kommer pa en ny design eller en idé for hur en
byggnad biist loser ett problem som den stdlls infor. [Inom arkitekturen] dr man vildigt
oppen med att det inte finns ett ritt svar och ddrfor mdste vi prova massa olika idéer.
Och det dr da det som dr kreativiteten, att komma pa idéer.

Ja, men det dr nog inte s olikt alltsa. Det ar nog ofta fraga om det i matematiken
ocksé. Att innan man far en 16sning, innan man far fram ett bra resultat, nagonting
som man kan skriva ner, sa har man forsokt en massa olika saker som inte fungerade
innan alltsa. Sa ar det sdkert alltsa sa det dr nog ganska likt alltsa. Och det dr vl det
som da kidnnetecknar en bra matematiker och kanske en bra arkitekt ocksa, att man
far manga olika sadana idéer att prova sa att saga.

Och det dr dir i som kreativiteten kan ligga da?

Ja det kan jag tinka mig.

Jag har ju intresserat mig for det hdr for att jag, ndr jag tittar pa skolmatematiken, bade
min egen erfarenhet och vad jag tror dr den gingse uppfattningen att matematik nog ses

som ett valdigt icke kreativt dmne av mdanga.

Ja det dr ju konstigt for det dr det ju inte alls om man héller pa med matematik som
yrke. Utan det ér i extremt hog grad fraga om kreativitet.

Olle Hellblom A3



Kan du komma ihdag om det var nagon skillnad for dig eller om du [alltid] har haft den
bilden?

Nej jag var intresserad av matematik redan i skolan. Jag tyckte nog att det var fraga
om kreativitet dir ocksa. For dven om de hir problemen som star i bockerna redan
var l6sta och sa vidare si skulle man ju hitta dem da sé att - och det var ju inte alltid
sa latt. Det ar vél det som dr moroten, man forsoker 16sa nagonting, forsoker hitta
en snygg 10sning pa ett problem och sa far man nagot slags tillfredsstillelse nir man
lyckas med detta da. Sa det dr nog andé det som ar grunden till det hela fortfarande.

Jag tror att om man ska jaimfora matematikforskning med nagon annan verksamhet
sd tror jag att det man kommer att tinka pa mest dr andra sadana har kreativa saker
som bildkonst och musik, kanske att komponera musik och gora nya bilder och sant
dar. Det tror jag. Fast i matematiken &r ritt sa bundna former d4, man kan inte skriva
vad som helst utan det maste stimma pa slutet. Vilket gor att det dr ganska orattvis
pa det sittet, det kan vara en person som har haft jattemycket bra idéer och som har
jobbat vildigt hart men som dnda inte kommer nagonstans 6ver huvud taget for det
finns ingen garanti. Det dr det som for mig skiljer riktig forskning fran sadant som
jag inte skulle kalla forskning. Om det ér frdga om riktigt forskning sa har man ingen
garanti fran borjan att det hér verkligen kommer bli nagonting.

Jag misstror sdidana som séger att “nu har vi ett forskningsprojekt hér, och vi berdknar
komma med var forsta rapport om ett halvir” och saddr. Om man kan vara s siker
pa att det ska komma ut nagonting ur det sa, ja da ar det ingenting nytt i det.

Jag skulle gissa pa att det dr viktigt att ha problemlosning i skolorna ocksa.

Man pratar vildigt mycket om det men jag tycker att mycket av problemlosningen dr i
stort sdtt textuppgifter, och det kallar man problemlosning.

Jag tror att de flesta ménniskor egentligen tycker det ar roligt med matematik, de fles-
ta som du moter skulle hivda motsatsen sjdlva, de skulle inte séga att de tycker det ar
roligt. Men om man borjar med de som dr bra pa matte i skolan, de tycker sakert det
ar roligt att l6sa problem dé och de haller pa med det bara for nojes skull darfor att
de tycker det ér roligt, ungefir som en del personer 19ser korsord eller soduko eller
nagonting i den stilen. Det dr nagonting som jag tror att alla har d&. Det som formod-
ligen kniacker folk dé, som gor att eleverna tycker det ar trakigt, det dr kanske nar de
inte far problem som dr anpassade efter deras niva da sa att de antingen &r for svara
eller for litta. Det tror jag dr en utmaning att hitta nagonting i matematiken som ar
precis lagom svérighetsgrad som studenterna eller eleverna kan fa ut nagonting av.
Det ska vara sapass svart att man far nagon gladje av att ha gjort det och det ska vara
sapass latt att man faktiskt klarar av det.
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Interview with Morten Lund
2015-05-13

Min utgangspunkt dr att bade matematik och arkitektur handlar om problemlésning.
haller du med om det?

Nej, jag haller inte med. Arkitektur kan vara problemlésning men det ér bara ett falt
bland manga. Jag tror ocksa att matematik handlar om mer 4n problemlosning. Jag
tror matematik handlar om glddjen, om lusten, om fortjusningen i ménster, i skon-
heten. Sa jag tror det dr en valdigt komplex sak. Det kan ocksa handla om fafinga, att
visa vad man kan, precis som alla andra saker som ménniskor gor, vi dr ju ménniskor
allihop. Sa det dr sadana saker, ambitioner, lusten att forstd, lusten att komma lite
narmare. Jag tror egentligen att vi skall akta oss for att definiera vara filt, sa ... som
att det handlar om problem. Det ér val sjalvklart att det gor det ocksa. Jag ldste en
intressant artikel, av en dansk matematiker som hade knutit sig till det en israelisk
matematiker hade gjort tidigare.

Det dr den ddr vanliga 6vningen diar man staplar tegelstenar och sa ska man se hur
man kan gora ett kragvalv, teorietiskt hur langt man kan kraga ut och hur langt man
kan na. Och i den artikeln sa kdnde jag igen typisk konstruktionsundervisning fran
mina forsta ar ndr jag gick pé arkitektskolan i Képenhamn. Da gjorde vi typiskt sa-
dana och sa kom man fram och ur den dér enkla staplingstekniken som alla kunde
sa kom man fram till en ganska definierad kurva. Men sa visar det sig ndr man laser
den hir artikeln att det finns manga, ménga andra satt man kan gora, man kan arbeta
med motvikter, och plétsligt blir det en komplexitet i problemstéllningen som var
langt ifran den dér foérenklingen som jag blev undervisad i.

Och plotsligt sa upptickte jag precis samma 6vning i en matematikers hand och inte i
en ingenjors hand som har tillimpat matematiken for bara 10 4r sedan. En wow-kénla
att ur en sadan enkel princip kan beskriva en exakt formel som beskrivs i en enkel al-
goritm, sa plotsligt har jag en jattekomplexitet med hal och motvikter och en marklig
form som inte alls gick att beskriva sa enkelt. Och det 4r ju det matematik kan, och
det dr kanske den viktigaste orsaken till att, ... jag forsoker ju nar vi ska driva forsk-
ningsprojekt att utveckla vart undervisningsfalt vart som helst. Kan vi nir vi arbetar
med digital design, kan vi ga vdagen in via samarbete med matematiker? Framfor att
anvanda enkla scriptverktyg da man pa nagot sitt blir valdigt last av andras tolkning
och andras system. Det vill sdga, en grasshopper-l6sning, det blir véldigt latt som den
enkla modell som jag fick av mina ldrare pa skolan medan en matematiker kan vidga
ut fragestillningarna. [S4 att det blir] mycket mer intressant, mycket mer komplext.
Och da tycker jag att vi i den ingdngen ndrmar oss matematikerna.

Och nir matematikerna élskar en sadan sak dr det pa grund av skonheten, 6verras-
kningen, de bristande symmetrierna, ménstren som inte upprepar sig men anda har
en skonhet och en ordning fast pa en annan niva dn bara en enkel form. Och det ar
dér jag tycker vi moter varandra.

Olle Hellblom A5



Sé for mig dr samarbetet med Fraunhofer nagonting som jag vardesitter otroligt hogt
hér pé skolan. [...] Det viktigaste i matematiken tycker jag nog r att man har utveck-
lat ett sprak som gor att vi kan fanga fornimmelser, foreteelser, fenomen som vi ser
och pa nagot sdtt forsta deras relationer genom detta sprak. Det tycker jag ar vildigt,
valdigt viktigt. Mitt ndsta steg det ar ocksa ett arbetssatt. Matematikerna stravar bade
efter precision, men ocksa efter pregnans. Pregnans, det ar djupet, det ar frodigheten,
det ar det som jag tog fram i det dér staplingsexemplet dir det blev komplext och
overraskande. Men precisionen dar ocksa att vi dr valdigt, valdigt medvetna om vad
som 4r vara parametrar, vad som ar vara konstanter. Bara att kunna definiera sadant.
Det maste du gora for att applicera matematiken. Men det 4r inte manga arkitekter
som egentligen dr duktiga pa att definiera sadana fragestallningar nir man sitter ig-
ang med en uppgift. “Vad kan jag rora?” och “Vad ska jag ligga fast?”

Sé jag tycker det finns en struktur i tankesattet som jag tycker vi kan ldra otroligt my-
cket av fran matematiker. Men det dr grundlaggande genom arbetssittet, det 4r inte
genom den konkreta metoden, det 4r ju matematik och inte arkitektur, men sittet
vi gar tillvaga pa, dér tycker jag vi har mycket gemensamt. Och jag dr 6vertygad om
att fragar du matematiker, och de véagar slappa sitt forsvar, sa tror jag att skonhet,
overraskning, monster, alla sidana saker &r jatte, jatteviktiga och kanske det mest
motiverande.

Jag har pratat med matematiker och fragat dem om deras arbetsmetod och de flesta
verkar inte ha en specifik metod som de anvinder sig av for att losa olika problem.

Om jag borjar med en matematisk formel s& kan jag forsta tainka mig att jag har E
parentes och sa alla olika variabler jag kan forestilla mig, slut parentes. Det &r jatte-
grovt, det ar bara funktioner och sa skriver vi vad det dr funktioner av. Och det mots-
varar vdl om jag som arkitekt borjar att géra en mind map eller en brainstorm eller
nagonting sadant och gor min forsta skiss, min forsta konceptskiss utifrdn det. Men
sen blir det intressant att forsoka beskriva hur de olika konstanter och parametrar
och sa vidare, hur dr de i spel med varandra i den héir formeln. Och pé samma sétt ar
det i min konceptskiss, “Vilka saker kan jag dndra pa?”, “Vilka saker ligger fast?”. Du
har en tomt, du har en tyngdlag, du har lite olika saker men det dr mycket mer saker
dn man tror som man kan dndra pa.

Sen kan du sdga att alla arkitekter ar ju olika, precis som matematiker ar olika mén-
niskor, sa jag vill inte sdga att det finns en arkitektmetod. Men den arkitektmetod jag
strivar efter, allra viktigast ar att mina studenter, i Matter-space-studion, de maste,
nér de gor sitt examensprojekt atminstone, s maste de vara medvetna om vilken
metod de anvéinder, den far inte bara komma automatiskt. Det far inte komma som
obearbetad import, de maste ldgga den pa bordet och vara kritiska. Det ar jattevik-
tigt. Och det kréver jag redan i programmet, att de ska reflektera 6ver vilken metod
de anvédnder. Darfor erbjuder jag ocksa att exjobbare ett halvar innan sa far de gora
undersokande projekt i omradet de tanker arbeta i. Da far de gdrna hoppa ut i det
men jag vill att de reflekterar 6ver sin metod sa de tar det med sig. Sa det viktigaste ar,
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pa nagot satt, att man hittar en metod, och ta inte patent pa en metod som béttre dn
en annan, var véldigt 6ppen omkring det.

Men sen nir jag undervisar och jag tillrattaldgger mina kurser med metoder sa ar det
helt klart att det som jag undervisar efter det dr vildigt mycket s att vi borjar med
6ppna koncept. Och jag vill att de 6ppna koncepten byggs i modell, och det beror pa
tva orsaker. For det forsta att undvika att man gar for mycket efter forebilder, redan
byggd eller magasinens arkitektur, sa darfor giller det att borja i sig sjalv. Och da ar
det viktigt att studenterna i en representation av en form borjar gora designen istéllet
for bara en analys sa forpliktigar man sig. S darfor vill jag se en konceptmodell.

Sa den fragan dr jatteviktig. Den andra fragan som é&r viktig det ar ju att det ar en
modell som man kan bearbeta, man kan trycka pa den och den reagerar. Kanske blir
man foérvanad. Den kan négonting, den har en egenskap. Och den andra egenskapen
modellen har ar att du kan lyfta upp den framfor 6gat och titta in och forestilla dig
att du var dér. Sa du kan inte lura dig sjilv som du ofta kan gora i ritningar dar du
gér vilse i din egen design. For om den ar gjort i papp och lim sa ar en pappskiva en
vagg eller golv eller tak, eller vad som helst vad du nu véljer, men det r nagonting. Pa
nagot sitt forestéller du dig rummet i alla fall. Men det 4r ocksa mgjligt att det ér en
imaginar linje, som dr icke materiell, och sé far vi den diskussionen. Och det kallar
jag konceptmodeller. Och sé brukar jag gé over till det jag kallar skissmodeller, och
da borjar de olika materiella delarna att vara mer tydliga. D4 ar det plotsligt sa att gor
jag nagonting i modellen sa dr det materiellt. Da gér det inte lingre att sédga att “det ar
en visuell linje” eller sa. Jag vill ocksa ha en storre precision av skalférhallandet, sé det
ar en modell i ett till tjugo eller ett till tvahundra eller ndgot sddant dar, det ska man
veta sa vi kan forestélla oss mer precist hur det ar.

Och det betyder ocksa att om du trycker pa den, da kan du ndstan borja se om négot
ar en balk och om det ar realistiskt att ha en balk pa det avstandet eller ska vi kanske
tanka pa nagot annat. Sa vi kan dimensionera ocksa konstruktivt. Vi kan diskutera
avstand, bygger man ett auditorium som éar tvahundra meter ldngt sa dar det kanske
inte naturlig akustik vi kan arbeta med hér utan vi ska ha en forstarkare. Men ér det
trettio meter, da kan vi kanske klara det pa det séttet om vi dr lite smarta. Om det &r
tio meter sa behover vi knappt rummet till att hjalpa oss, dé kan vi ha ett direkt samtal
om vi bara hojer résten. Har vi tre eller tva meter da kan vi bara sitta som hér, 6ver
bordet, behover knappt nagonting, vi kan sitta var vi vill.

Séa skalan, storleken spelar en jatteroll, och den kommer aktivt in i skissmodellen,
alltsd den andra fasen. Och sa nésta fas kallar jag presentationsfasen och den handlar
om hur arkitektur kommunicerar. Kommunikationen ér jatteviktig, och ett projekt
ar inte ett hus, jag tycker att manga hdr pa skolan blandar ihop arkitekturprojektet
med det byggda, och det ér det inte. Typiskt for de projekten vi gor, i den profes-
sionella varlden sa representerar de kanske det forsta [forslaget] som arkitekten har
till klienten. Och sedan borjar samarbetet pa allvar. Detta dr utgangspunkten, detta
speglar en intention, det ar det jag vill. Och sedan borjar kompromissandet. Och om
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man kan etablera en god grund, komma dverens om utgangspunkten, da gar alla
kompromisser at ratt hall, och sa blir det ett bra projekt. Men om man inte fattar in-
tentionen i projektet sa gar alla kompromisser emot varandra, da blir det 6ppet krig,
det kan bli ett helvete och ingen vill ta ansvar for projektet till slut. For det blir inte
som nagon hade tankt sig och ingen kinner igen sig i projektet. Sa darfor &r kommu-
nikationen alfa och omega i detta hér. Och det ér de tre stegen jag brukar kora valdigt
slaviskt, man kan sdga kanske lite 6verdrivet pa det sittet men sen hoppas jag att i
sjalva undervisningsformen sé visar jag dénda oppenhet och jag ger alltid mojlighet
att bryta formatet. Men jag tror att de 4r ganska bra steg, de fungerar bra i mina un-
dervisningssammanhang.

Samtidigt sa fungerar jag ocksd som chefskonsult fér Nyréns, och hjilper dem att
utveckla sig, och jag anvinder det samma, alltsé pa ett professionellt kontor for att fa
dem att bli battre. Och det fungerar vildigt bra ocksa i professionella sammanhang.

Men det dr en metod av mdnga?

Det ar den som fungerar bra for mig i de ssmmanhang jag ar, men det 4r klart. Det
ar darfor jag sdger till mina exjobbare, nu ska de upp, nu blir de mina kollegor, och
da fir de hitta det som fungerar bra for dem. Podngen &r att du ar medveten om att
du har en metod, och den far inte vara tyst kunskap, den ska fram pa bordet och man
ska kunna reflektera 6ver den och man ska vara medveten om den. Det far inte bara
vara fingertoppskénsla eller intuition, man kan anvéinda intuition men dven anvind-
ningen av intuition méste vara reflekterat ocksd som metod. Jag sdger till exempel
typiskt nér jag gor en sédan metod, en konceptmodell, “gor forst, tank sen”. Eller jag
menar, vi stiller modellen péa bordet och si vinder vi pa den och sé tanker vi, och sa
ser vi hur den fungerar. Si det 4r klart, det borjar sa, men det ar ocksa retoriskt for,
herregud, man vet ju vad man vill i alla fall, det finns en intention, man har last pa sig,
man har varit pa platsen, man kdnner de material man gérna vill arbeta med. Sa du ar
ju inte oinformerad nir du gor din foérsta modell, du har ju klatt pa dig och forberett
dig infor projektet. Men det har vi gjort pa olika satt.

Men grundldggande ér att nér vi gar in och arbetar med sjélva formgivningen, efter
att vi har forberett oss och sa gor jag det alltsa utifran en modell som jag bygger. Och
det ar valdigt centralt for mig. Och jag maste sdga att det ar faktiskt sa som alla de
bra kontoren som jag kédnner till jobbar, om det sa ar Snohétta, Herzog de Meuron,
Fosters and partners, vem som helst. De jobbar pa det sittet. De dr tidiga ute och gor
sina forsta designkoncept.

Det dr intressant, just det hdr att gora forst och tinka sedan. For sa som matemati-
kundervisningen dr sd kdnns det som att det ofta dr sd att man tinker vildigt mycket
och inte gor innan man vet exakt hur man ska gora. Och det dr det som jag tycker dr
skillnaden, att i matten dr man sd rddd att gora fel sa man vagar inte gora ndgot innan
man vet exakt vad man ska gora.
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Det ar ocksa vildigt ménga arkitekter som dr radda for att gora fel och som pratar om
att “problemet kommer forst’, istéllet for lusten att gora form, eller rum eller négot
sddant. Men jag ar 6vertygad om att det finns véldigt manga matematiker som alskar
att ta utgangspunkt i paradoxer och i markligheter och vad gor de da? Nar de ska
forsoka fa grepp om en foreteelse som de knappt fornimmer men vet att “hér finns
det nagonting intressant.” Jag har ju sett hur tavlan vixer nér de star med kritan och
laborerar 6ver ssmmanhang och provar “nej detta funkar inte, da gor vi sa”. Med den
lilla matematik jag kan, om jag ska forsta det, sa forsoker jag alltid pa négot satt att
gora ett geometriskt problem av det. Jag forsoker alltsa 6versitta till geometri sa jag
kan rita det eller bygga det, da kan jag plotsligt se sammanhang som jag annars inte
kunde se i formlerna. Men jag vet andra matematiker som tdnker annorlunda ar mig,
de ser det hela i sin formel. Vi dr olika, kanske ar det darfor jag ar arkitekt. Jag behover
Oversitta matematiken till geometri for att forsta den.

Det var sa jag lirde mig differentialekvationer minns jag, i gymnasiet, det var da jag
borjade gora geometri avdem och inte bara 16ste dem som abstrakta formler. Nér jag
gjorde kurvor och satte minimum och maximum och upptickte “Hur ser det ut nir
den ér icke differentiabel och vad hinder i spetsarna” Och si borjade jag forsta det.

Vi har ju pratat en del om problemlosningsprocessen men om vi nu kommer in pa det
hér med kreativitet. Du sa att du inte vill prata sa mycket om kreativitet och arkitektur
men en tanke jag har haft dr att problemlosning mdste innehdlla ndgot matt av kreativ-
itet. For man mdste komma pd ett sdtt att losa problemet.

Jo men det &r ordet och inte sittet [jag inte gillar]. Det ar klart att varenda gang du
gor nagot nytt, varenda gang du kombinerar tvéd saker pa ett icke tidigare gjort sitt,
vill du kalla det kreativitet sa ar det kreativitet. Men pé nagot sitt sa tycker jag att
alla manniskor ar kreativa. Jag har ingenting emot ordet i sig men jag har nagonting
emot att man kopplar sérskilt arkitektyrket till kreativitet. Alla, om du 4r bagare, mu-
rare, om du 4r dagispedagog, vad som helst sa har vi kreativitet annars skulle vi inte
overleva. Sa ordet ar nistan innehallstomt i det ssmmanhanget och darfor finns det
ingen mening med att sdga det. Sa det dr bara det, jag vill inte ge olika yrken monopol
pa begreppet. Jag vill hellre sdga att om jag ska anvinda begreppet ritt sa ar det en
egenskap hos nagon minniska framfor andra, mer eller mindre. Och du kan vara en
kreativ dagispedagog, en kreativ bagare och du kan vara en trikig dagispedagog och
en trakig bagare som bara upprepar vad andra har sagt. Och det giller ocksa arkitek-
ter och matematiker.

Jag kinner mig néjd nu, jag tycker att vi har fatt med det mesta.

Jag vill bara sdga nér det géller matematik, for mig sa ar matematiken ett universellt
sprak. Och jag tycker att arkitekter kan alldeles for lite matematik och jag ar vildigt,
valdigt glad 6ver att arkitektur och teknikstudenterna ér valdigt starka i matematik.
Och det kan man se, att det dr otroligt vardefullt, och jag skulle gérna starka matema-
tikundervisningen ocksa pa arkitektur. Jag tror att det ar viktigt [...] det handlar mest
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om sittet man strukturerar det man ser omkring sig och forsoker att sammanfatta
det i ett enkelt, kort och precist och inte minst vackert sprak. Det finns en otrolig
skonhet i matematik, och jag tror att nir vi ser manga av de stora forstaelserna for
saker och ting s& kommer de fram ur ett matematiskt monster dar det kanske finns
en asymmetri som retas och som plotsligt visar sig vara det allra viktigaste. Maxwells
fyra formler ar ju lite intressant dér han fick fram en asymmetri, en konstant som
ledde fram till Hertz forstaelse av elektromagnetism. Det &r ju jatteintressant. Och
i alla stora vetenskapliga genombrott de senaste 130-200 aren har det ofta varit en
matematisk beskrivning som i sig sjélv varit ett monster och det monstret har fangat
var uppmirksamhet genom asymmetri, genom en marklighet, genom en bristande
logik som riktade var uppmarksamhet pa det. Och den uppmarksamheten skapade
en lust att kndcka néten och det var den som skapade genombrottet. Sa man kan sédga
att skonheten i formeln gav oss, alla manniskor, inklusive personen sjilv som utveck-
lade den, ett fokus pd &mnet. Om det sen var personen sjilv som skrev formeln som
16ste det eller om det kom tva eller tre generationer efter henne eller honom, det vet
vi inte, men det var jatteviktigt for fokuset. Sa utan skonheten kunde vi inte heller
fokusera pa den problemstillningen, och det tycker jag dr riktigt spannande.

Du far girna skriva med nyfikenhet pa de plusorden, det tror jag ir jatteviktigt. Sofie
Germain kédnner du till henne? En fransk matematiker. Hon var aktiv ungefar un-
der forsta hilften av artonhundratalet och hon var jatteinspirerad av Chladni, hans
klangfigurer. Du har en tung metalskiva och far den att vibrera, det kan du gora gen-
om att ta en strake fran en fiol och drar den pa kanten. Sa borjar den vibrera och ger
ett ljud ifran sig ocksa precis som strangen gor, fast det ar en platta. Om du lagger
lite fint pulver pé, typiskt svampsporer som ir jattesma, och den vibrerar sa samlar
sig alla sporerna i punkterna som inte hoppar, som inte gungar upp och ned. Medan,
over allt dar det gungar upp och ner, dir kastas dammet bort kan man siga. Sa dam-
met samlar sig i alla knutpunkterna. Och knutpunkterna bildar ett ménter, och olika
frekvenser ger olika monster.

Och det finns nagra skift mellan monstren ... precis som om du svinger en linje sa
kan du svinga den upp och ner som ett hopprep men du kan ocksa svinga sa att
du har en knytpunkt i mitten, du kan gora tva knytpunkter och den gungar mer
beroende pa hur snabbt du gor. Det vill siga forsta, andra eller tredje ordningens
vibrationer eller svingningar kan du skapa pa det sittet. Och mer komplex form ér
den nér den ér tvidimensionell. Hon gjorde sddana undersokningar och anvinde
det till att utveckla en teori for skiv- eller plattkonstruktioner. Alltsd en matematisk
beskrivning av byggnadskunstruktioner. Och franska akademin hade gjort en tévling
dar man skulle gora en teori for sadana plattor eller skivor. Och hon 16ste det bast
men hon fick aldrig erkinnandet eftersom hon var kvinna. Sa hon insisterade och eft-
er manga, manga ar, som en gammal kvinna, sé fick hon till slut sitt erkinnande. Men
man kan sdga att hennes utgangspunkt var lusten, skonheten i klangfigurerna. Un-
der romantiken har vi den danska vetenskapsmannen [?] som var han som beskrev
sammanhangen mellan elektricitet och magnitism som den forsta. Nar han fick sin
officiella malning, dar han visar sig med orden och alla sina attributer sa haller han
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en sadan Chladnis klangfigur i sin hand, och for honom sé var det ett bevis pa att gud
fanns i naturen eftersom det var en skonehet ett monster som dok upp. Vi andra ar
ju inte romantiker pa samma sitt men vi ser skonheten. Och det dr den som fangar
var uppmarksamhet.

Interview with Dag Wedelin
2015-05-20

Hur skulle du definiera ordet problemlosning?

Ett sdtt att se det, som jag knyckt fran Schoenfeld, vilket ar ett klassiskt sdtt att se pa
problemlosning, det dr att: en problemlosningssituation hamnar man i nar man inte
har nagon fardig metod f6r hur man ska losa ett problem. Sa att om du befinner dig
i en situation dér du inte vet, ddr du har nagot slags mal som du vill uppna, men nar
du inte vet hur du ska gora, da dr du i en problemlésningssituation. Sa kan man vil
sdga. Men i vilket fall som helst sa ar en vasentlig del i det hir, pa ett eller annat sitt,
avsaknaden av algoritm. Att det &r inte s att du kan na ditt mal genom att bara folja
ett antal mekaniska steg. Utan, stegen kanske finns men man har ingen aning vilka de
ar och sa vidare. Sa det ar vl problemlosning for mig. Och jag vill ocksa sdga att det
upplever jag att det dr en vildigt vanlig situation. Detta ar ocksa nagot som diskuteras
“men ér det inte s att ménniskor mest gor det som de dr vana att gora? Ar inte det
en valdigt udda grej det hir att man stélls infér problem som man inte vet hur man
ska hantera?” Men jag menar att det inte ar det, ddrfor att d&ven om 90 eller 95% av
vad man gor dr sédant som man vet sa dr det alltid sa att de dar fem, tio procenten, de
maste ocksa finnas dar for att det ska bli komplett.

Om man tar en manniska sa kan man siga det att “skoldkorteln det ar ju bara en
ganska liten del av médnniskan sa den &r ju inte sd vésentlig. For det mesta ar ju dénda
inte skoldkorteln” och sa vidare. Men sa kan man ju inte resonera fér man fungerar
juinte utan den. Och dé menar jag det att i varierande utstrackning som forskare och
som ingenjor dd hamnar jag vildigt ofta i situationer da jag inte vet hur jag ska gora
och som larare ocksa ibland men inte lika mycket. Och det dr klart att om man har
ett valdigt rutinmassigt jobb si kanske man aldrig gor det. Sa det varierar naturligtvis
fran person till person hur ofta man hamnar i sidana situationer. Och jag kan forsta
ocksa att da skiljer sig synen at pa vad matematik dr. Om allt man gor ér att rdkna ut
summan i kassan, eller nagot sadant ddr, da dr ju matematik bara nidgot som ar en
algoritm. Men om man ska hitta pa att 16sa problem med matematiska metoder da
ar det kanske sa att man huvudsakligen ser det som problemlosning. Men det som
karakteriserar problemlosning egentligen, vare sig man &r van vid det eller ej, det &r
att man maste soka sig fram, man maste undersoka, man maste utforska, det 4r hela
tiden en standig utforskning.

Och utforskning da, for att glida 6ver till kreativitet, det r alltsa ocksa ndgonting dar
man standigt maste ... man maste hitta pa idéer hela tiden, fragor till exempel for vad
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man ska fraga for att kunna gora en utforskning. For en utforskning borjar ofta men
en liten fraga, s att siga, “nu ska jag ta reda pa hur det dr med det hér”. Eller det kan
borja med att man hittar pa nagot, en enkel modell, en preliminar design eller nagon-
ting sadant dar, och dé ar det ett kreativt steg fran ingenting till nagot, som ingen kan
beskriva vad det ar. Det 4r nagonting som bara dyker upp i huvudet och det kan man
ju da beskriva som kreativitet, att skapa nagot fran inget.

Och det ér d ett viktigt element i problemlosning, det ar inte nédvandigtvis samma
sak som problemlésning for problemlosning kan ocksé vara att man pa ett systema-
tiskt och rutinmassigt satt undersoker saker i syfte att uppna en okad forstaelse. Men
det finns ett kreativt element i detta ocksa som kommer till ibland och som ocksa ar
nodvandigt.

Da kommer vi in pa vad som kdnnetecknar en bra problemlosningsprocess. Du ndmnde
att det kan vara ganska olika da? Man kan ha rutinmdssiga fragor som man stdller

sig...

Tja, en bra problemlésningsprocess... Da skulle jag sdga sa hér att. Det dr ju sa att,
beroende pa vad man sjilv har for kunskaper och beroende pa hur svara problemen
ar, sa kan det ibland vara sa att inslaget av fardiga algoritmer dominerar, eller det kan
ocksé vara sa att inslaget av att hitta pa nytt dominerar. Det varierar fran situation
till situation, fran person till person och fran yrke till yrke och sa vidare. Men en bra
problemlésningsprocess, om man nu har ett problem som man inte vet ... Nagra
grundpunkter &r ju da att, framfor allt att forstaelsen av problemet ér central. Darfor
att man kan nédstan se problemlosningsprocessen som att man undersoker, utforskar
tills man uppnar en sa hog grad av forstaelse att man faktiskt kan komma ganska néira
16sningen pa problemet bara genom att forsta problemet. S att det handlar inte om
att, jag talar inte om bara den forstaelsen pa en nominell, grundldggande niva att man
sdger att “ja men nu forstar jag fragan”. Okej, men vad innebdr problemet, man kan
skapa standigt okad forstaelse kring nagonting och koppla ihop med annat tills man
pa sa satt kan komma néra 16sningen eller en idé om ldsningen.

Sé det ar valdigt viktigt. Och en annan sak som kdnnetecknar en bra problemlésning-
sprocess, det dr att man inte laser sig vid en idé. Att man méste vara 6ppen for andra
16sningssatt, man kan behova backa. “Jag kanske inte forstog problemet tillrackligt
vil, jag gar tillbaka” Att dela upp det sa mycket som majligt i sma steg dar man har
en idé om vad de hir stegen ar, det kan man behova planera om hela tiden men
att man dnda forsoker dela upp. Det dr typiska saker som ingér i en bra problem-
16sningsprocess, en annan 4r att inte bara ta mallar och forsoka passa mallar, det ar
den sdmsta typen av problemlosningsprocess: “hér har jag tre metoder som jag inte
riktigt forstar, eller mojligen sé kan jag utféra dem. Och nu har jag ett problem, vilken
av de hér tre metoderna passar bast pa det hiar problemet?” Sa forsoker man pressa
metoden pa problemet dven om det hir problemet kanske egentligen behover losas
pa ett fjarde satt.

A12 Appendix A



Det dr inte en bra problemlésningsprocess. Det ér bra att kunna ha annan kunskap
runt omkring. I form av olika firdiga metoder och kunskaper som man har lért sig
men jag tycker att vilket problem man an angriper s dr det min filosofi att man ska
angripa det fran grunden. Som om man inte visste nagonting, som om man inte hade
nagra forkunskaper, att man ska ha en attityd att jag borjar jobba fran scratch. Och
sedan, alla de kunskaper jag har, som jag oundvikligen har samlat pa mig, de an-
vander jag som acceleration for att accelerera min egen problemlésning, men att jag
anda, sa att sdga, bygger fran grunden. Och det ér inte sa att jag hoppar 6ver det steget
och bara férsoker applicera en firdig metod. Sa det dr nagra saker som jag kommer
att tanka pa. Det kan sdkert sdgas mycket mer om detta.

Nir det galler design, for du var ju intresserad av design ocksa ... , da dr det valdigt
naturligt med ett iterativt arbetssétt. Att man gor nagot enkelt forst och s undersoker
man hur det blev och utifrdn det s& kan man kanske gora nagonting som ér lite battre.
Och sa jobbar man sa i steg, sa gor ingenjoren, sa gor sdkert arkitekten, och sa gor
ocksé matematikern som forsoker hitta pé ett bevis eller konstruera ett begrepp som
intuitionen séger kanske finns ddr men som man inte riktigt har fatt till. Da gor man
ett forsok och sa ser man om det motsvarar den diffusa idéen av vad man vill astad-
komma. Om det inte gor det sd gor man ett iterativt forsok till, man forsoker manga
ganger ddr man hela tiden ldr i sin process.

Och det dir, just det dér steget i den hir iterativa processen fran att man har en idé
om vad for slags objekt man skulle vilja skapa till att komma pa ett forslag pa vad det
skulle kunna vara. Det ér ett kreativt steg. Sa att den hér iterativa processen involver-
ar hela tiden ett regelbundet kreativt steg dar man skapar nigonting och sen finns
det ddrefter ett mer analytiskt steg ddr man tar reda pa “det som jag har skapat, vad
har det nu for egenskaper egentligen?” ... Detta beror pa att man alltsa maste jobba
baklanges, for det finns ingen algoritm som talar om hur du kan rékna dig fran dina
onskemal om hur det hir objektet ska se ut till dess faktiska konstruktion. Sa darfor
gor du ett steg ut i det bla for att skapa det och sedan far du ta reda pa egenskaper. Sa
du édr tvungen att jobba at fel hall ddr du har ett magiskt steg dar hela tiden som vi
kallar for kreativitet. S& ser jag pa det.

Det kdinner jag igen tydligt fran arkitetkturutbildningen det hdr att snabbt gora en
modell som man kan analysera for man behover ndagot som man kan diskutera.

Och sjélva analysen, den kan du mojligen sétta upp en lista for hur den gér till. Men
sjalva det skapande steget ar valdigt svart att tala om hur det gér till. Och det ar darfor
som vi kallar det for kreativt.

Hur arbetar du sjilv med problemlosning?

Framfor allt sa ar det tycker jag att man jobbar med det vildigt aktivt. Det dr inte

nagonting ddr man sitter ner och gor ingenting och véntar pa att nagonting ska kom-
ma till en. Utan det 4r att man hela tiden utforskar méjligheter, att man ar aktivi den

Olle Hellblom A13



hiér iterativa cykeln. “Préva nagot, lar jag mig nagonting av det? Eller fungerar det
hér? Vad kan jag gora nu? Eller nu fattar jag inte ens vilken fraga det ar jag haller pa
att 16sa. Okej da maste jag forsoka precisera fragan” Ett stindigt aktivt kimpande
med att hitta dorrar som vill 6ppna sig.

Vi har ndmnt att problemléosning alltid innehdller en kreativ del, men om man ser pd
matematiken som dmne, anser du att det dr kreativt?

Jag menar det att matematiken i sig, som en véirld men matematiska begrepp, den
ar, att utforska den ér precis lika kreativt som att utforska vilket omrade som helst.
Dirfor att det handlar om att man skall skapa, man kan skapa matematiska begrepp,
och sa kan man utforska deras egenskaper. Sa det ér att man ar uppticksresande i
matematikens vérld. Helt enkelt. Och pé végen, att man utforskar 4r en sak men det
ar kanske inte nddvindigtvis det samma som att det ar kreativt, men det ar kreativt
darfor att pa vagen sa maste man hela tiden hitta pa saker. Man maste hitta pa nya
begrepp, man maste hitta pa olika typer av forklaringar, alltsa egentligen bevis, for
varfor saker och ting ar pé ett visst sdtt. Det dr alltsa en skapandeprocess som da ér
ungefiar som den hdr itterativa processen, som paminner om den som ingenjoren
eller arkitekten har, fast det som man skapar det ér definitioner, det som man skapar
ar matematiska resonemang.

Det enda dr att det dger rum i idévérlden och det ér inte fyskiska féremal som vi
skapar utan det dr logiska objekt. Men arbetssittet 4r det samma, och anledningen
till att skolmatematiken inte forefaller vara kreativ, det finns ju flera anledningar som
delvis giller all utbildning, eller mycket utbildning, naimligen det att man &r ivrig att
beritta om fardiga resultat. Sa istéllet for att lata eleverna eller studenterna skapa
kunskap sa dr det sa att man talar om vad andra har skapat for kunskap. Och det ar
klart att det &r ju ingen kreativitet i det. Och sedan i matematiken, sarskilt i skolans
matematik, sa har den gétt formodligen lange 4n i ndgot annat damne for att, i tillex-
empel svenskan i skolan da ar det sd att da ska man skriva uppsats, och det far ju
anses vara kreativt, man ska skapa nagonting, men det gér man inte i matematiken. I
matematiken lir man sig bara metod pa metod pa metod. Och man gor det dessutom
pa ett valdigt repititivt sitt som gor att man placerar sig néstan i en yttersta motpol i
forhallande till den kreativa attityden. Medan annan undervisning mer befinner sig
nagonstans mitt emellan, om dn ofta da med ett ganska stort kunskapsinslag, att man
berittar om vad andra har kommit fram till.

Det som du ndmnde innan, ndir personer riknar ut vixeln i kassan dr kanske inte sd
kreativt? Men det kanske inte ens dr matematik?

Det ér valdigt vanligt att de som sysslar med matematikpedagogik, matematikldrare
eller de som sysslar med vad man ska ldra ut i matematik i skolan, pa nagot sitt, nar
de ska vara djupt filosofiska, sa grubblar de 6ver fragan “vad dr matematik egentli-
gen?”. Men jag menar den fragan tycker jag ar fel stalld. Darfor det ar sé att den fraga
som vi framfor allt ska stélla oss ar “vad tycker vi att vara barn ska ldra sig?”. Och da
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kan vi komma fram till att de ska lara sig matematik, vi kan ocksd komma fram till att
de ska ldra sig nagot annat. Sa att det dr den fragan som ska vara ledande for skolans
verksamhet, inte att man traditionellt har ett @mne som heter matematik och sen
sé staller man sig den djupa fragan vad matematik ar. Det kanske inte ar det som ar
malet for skolutbildningen?

Att da ga till matematikhuset hir borta pa Chalmers och fraga “vad ar egentligen
matematik?”, man far sakert valdigt intressanta svar, men det ér inte sakert att det
ar nagon vagledning alls i férhéllande till vad man bor lara ut till barnen. Aven om
jag tror att kommer man ifran det dar mest repititiva sa dr det val bra i och for sig.
Men det som jag skulle vilja sdga da det ar att jag tror att for skolans del s& ska man
fokusera pa nagot som jag kallar fér matematiskt tinkande snarare 4n matematik.
For matematik &r ett akademiskt amne och det finns alltid en massa manniskor som
kan ha starka asikter om vad matematik dr och vad det inte 4r. Men di menar jag
att matematiskt tdnkande dr ett begrepp som inte dr riktigt lika begriansande, det
anvands inte riktigt lika mycket och man kan definiera det lite friare. Jag menar det
att alla former av tainkande som har matematiska inslag, av det ena eller andra slaget,
inklusive den som rdknar ihop summan av priser, dgnar sig at nagot slags matematisk
aktivitet eller kan sdgas deltaga i ett matematiskt tdnkande av ndgot slag. Sa da ingar
det, det dr ett inkluderande begrepp som jag menar dr vidare dn det svaret som man
far om man bara fragar vad matematik ar.

Det ér vl kanske ett mer ideologiskt stdllningstagande. Det som jag girna vill fora
fram da det 4r idéen om matematiskt tinkande som ett inkluderande begrepp. Snara-
re dn att stilla mig just fragan vad matematik ar.

Sd, dr matematik ett kreativt dmne?

Ja, pa samma sétt som alla andra dmnen. Men inga dmnen dr kreativa om man bara
ska ldra sig saker som andra redan har kommit fram till. Och da menar jag det att den
metoden att lara sig hantera varlden genom att lira sig alla firdiga svar som ménsk-
ligheten har kommit fram till hittils, det 4r en fundamentalt otillracklig metod for att
hantera framtiden. Darfor att det finns alltid en sé stor variation i det som kommer
sen. Det kommer inte vara exakt ett av de hér tusen fallen som man har lart sig utan-
till, utan det kommer vara ndgon variant av det. Och darfor s kan man inte bara ha
den algoritmen.

Skiljer sig matemateisk tankande fran logiskt tinkande eller dr det besliktat med det?

Jag tror att matematiskt tinkande ar lite vidare &n sa, jag menar matematiskt tinkande
ar ju till exempel ocksa det att man ar intresserad av att mata saker i varlden: “hur
manga grader dr det?”, “vad ar det for temperatur idag?”, “hur manga meter per se-
kund blaser det?”. Detta dr ju utslag av matematiskt tdnkande. Det &r ju inte ologiskt
men med logik menar man ju ofta det att man skall kunna halla reda pa ett logiskt

strikt resonemang, “om A giller och icke B, vad hiander da?”. Sa jag tror att matem-
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atiskt tdnkande ar vidare dn sa, det inbegriper att man tanker pa vérlden kvantita-
tivt, det innebér att man forenklar till enkla matematiska begrepp, det innebar det
hér kreativa utforskandet, det ar en del av det matematiska tdnkandet ocksa. Sa att
matematisk slutledning dr vél det som ligger narmast logiskt tinkande men jag tror
att logiskt tainkande fortfarande ér bara en del ... For ett matematiskt tdnkande ér ju
till exempel det att om vi skriver in en fyrkant i en cirkel sa maste fyrkantens yta vara
mindre én cirkelns yta.

Detta kan man ju sdga da arlogiskt tinkande men samtidigt sa bygger det pa var visuel-
la geometriska forstaelse av nagot. Sa det ar ju inte logik i den strikta bemérkelsen att
det handlar om “och” och “eller” och “icke” och sa. Daremot sa ér det ju nagot slags
sund slutledning eftersom den &r riktig men vi ser det, vi kan se bilden framfér oss,
fyrkanten maste vara mindre 4n cirkeln och darfor sd maste ytan pé fyrkanten vara
mindre én cirkeln for det finns bitar 6ver annars. Det kan vi se framfor oss och det ar
ett exempel pa matematisk slutledning dér jag anvinder mina manskliga formagor.
Det ar mojligt att manga ménniskor skulle anse att detta ar logiskt tankande, fast det
kanske bara dr jag som reserverar logiskt tdnkande f6r nagot som ar mer specifikt én
sd. Men det kanske bara ér for att jag dr en produkt av mitt &mne. Det kan hdnda att
pa ett mer allmént plan sa, det som jag kallar for matematisk slutledning, det skulle
andra sdga dr logiskt tinkande.

Interview with Eva Filép
2015-06-17

Jag skriver om problemlosning och kreativitet kan man sdga. Min bakgrund dr att jag
har ldst tre ar pa Arkitektur och teknik. Det arbetssittet man har inom arkitekturen,
man kan ju kalla det problemlosning ndr man skall rita en byggnad, da har man ett
vildigt kreativt ingangssdtt till hur man tar sig an problemet som jag inte kinner igen
fran matematiken. Problemlosningen ddr var mycket mer att lira sig en metod och trd-
na pa att gora den. Nu ldser jag om matematikpedagogik och kreativitet, som det finns
mycket skrivet om, och jamfor det med mina egna erfarenheter.

Men du har inte ldst nagon matematikkurs om problemlosning till exempel? Eller du
har aldrig deltagit i en undervisning dér problemlosninga var en del av undervisnin-
gen inom matematik under din uppvéxt, alltsa dven i smaskolan menar jag?

Nej, men det kallades ju problem i lirobockerna och sa dir men ndr jag tinker tillbaka
pa det sd tinker jag att det mest var textuppgifter och saddr som kallades for problem.

Okej. Eftersom jag just forskar om undervisning och problemlosningsstrategier - jag

har gravt in mig lite mer i vad som menas med ett problem. For jag ser att, dir ar
problemet for dig.
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Precis. Min forsta fraga som jag skrivit ner [infor intervjun] dr vad dr egentligen ett
problem och vad dr problemldsning.

Inom matematik skiljer sig tva begrepp, problem och uppgift. Och skillnaden mellan
de tva begreppen ér att en uppgift blir ett problem om den eleven inte kdnner igen en
metod eller algoritm for att 16sa det. Sa det ar relativt till eleven, jag kan inte séga att
“den hir uppgiften ar ett problem” utan det ar eleven som ska uppleva att det ar ett
problem. Schoenfeld som forskar ganska mycket om just problem, sager att det finns
tva faktorer egentligen. En att man inte kdnner igen nagon metod och algoritm, for
da behover du inte tdnka utan du tar fram den som ett verktyg och anviander det och
koncentrerar dig pa att fa fram svaret. Men det finns ocksa en annan faktor, att eleven
eller den personen som far uppgiften maste kidnna sig engagerad, intresserad av att
16sa det. Annars blir det inte ett problem heller. S& for mig ar allt uppgifter men vissa
blir problem beroende av vem som far fragan och sjalvklart paverkar hur man stéller
fragan ocksa om det blir ett problem eller bara en uppgift.

Sé egentligen om man tittar pa nationella prov, dér vi betygsatter med olika formagor,
bland annat problemldsningsférméga, och tittar pa vilken typ av uppgifter som ger
problemlésningspoédng, da dr det inte bara textuppgifter. Just pd 80- och 90-talet
kanske folk associerade till mer vardagsproblem nar man pratade om problem, men
dven en abstrakt matematisk uppgift kan bli ett problem nér du inte vet hur du ska
borja, nér du inte kdnner igen en algoritm eller metod for att 16sa det, nar du maste
tanka till. Sa har kommer kreativiteten in och, enligt mig, strategitinkandet. Sa, en-
ligt mig, nér du far ett problem, alltsa inte en uppgift, innan du kan vilja en metod
och algoritm, da maste du gora nagot innan dess. Och da tycker jag att d& kommer
strategitdnkandet in, du maste gora en strategi. Jag fokuserar pa vad ska jag 16sa, vad
fick jag for problem. Men det ar ganska 1st, det ar mer pa tinkandet niva och inte pa
gorandets niva. Efter strategin foljer sen metodvalet, sen algoritmvalet. Algoritmen
ar bara steg for steg, du vet precis vad du ska gora for att fa rétt svar.

S4, enligt mig, nir du far ett problem, d& méste du ga genom de tre stegen: strate-
gigorandet, metodval sen algoritmvalet. Om det ar en uppgift och inte ett problem sa
behover du inte det forsta steget. Da valjer du en metod och en algoritm sa 16ser du
uppgiften. Sa kreativiteten kommer egentligen in i det forsta steget, enligt mig. Sa nér
du far en uppgift behover du inte vara sé jattekreativ for da vet du precis vad du ska
gora. Men ndr du far ett problem har du forst olika moéjligheter, “hur ska jag borja?”,
“vad ska jag gora?” sa dé dr det i den fasen du skapar nagot nytt. Och det ér kreativi-
teten egentligen, nyskapandet, enligt médnga som forskar om det och jag tycker sjalv
ocksd det.

Och da behdver man inte skapa nagonting helt helt nytt utan det racker att eleven
upplever att det ar nyskapande for sig sjalv. Da dr man kreativ. Man pratar om tva
olika kreativiteter, i borjan nar man pratade om kreativitet sa man att “det maste vara
helt nytt, alltsa nagot som dr nytt fér hela vilden” men egentligen racker det att den
personer som gor problemet upplever att for den personen ér det nytt, da 4r man
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kreativ. Sa tanker jag. Sa kopplar jag ihop problemlosning med kreativitet. Sa egent-
ligen, varje gang ndr du l6ser ett problem, inte en uppgift, dd méste du vara kreativ.

Forskar du pd vad som dr problem mest eller ocksd pd vad det dr som specifikt gor att
en uppgift blir ett problem?

Det dr inte det jag ar forst och framst intresserad av. Men jag nairmar mig det mer och
mer nu i slutdndan. [...] Min forsta fréga var att [...] mitt problem var, som lérare, att
vad gor man nir en elev fick ett problem och tankte “vi har inte lart oss detta’, “jag
kan inte svaret”, “jag ger upp”. Jag var da intresserad av fragan kan man undervisa,
lira, eleverna pé nagot sitt att inte gora detta utan borja tanka pa vad de ska gora nar
de inte kidnner igen uppgiften. Vad gors de forsta fem, tio minuterna nér du far ett
problem, alltsd en uppgift som du inte kdnner igen och inte vet hur du ska 16sa. Och

da borjade jag ldsa om strategitdnkande.

Nér man far ett problem inom andra omraden sa sdger man ofta att vi har en strategi
for att 16sa det. Sa inom militdrteorin, inom spelteorin, inom managementteorin, pa
alla omraden dér det féorekommer problemldsning upptackte jag att de pratar om
strategi, taktik och [...]. Det finns de har tre stegen. Da tankte jag “vad finns da inom
matematikproblemlosningen?”, “kanske finns samma modell?”. Och da upptickte jag
att litteraturen blandar strategi- och metodbegreppet, skiljer inte pa dessa. Sa jag bor-
jade ldsa och skriva om detta, att det 4r olika steg vi pratar om och ville lyfta fram de
tre stegen i problemldsningssituationer dven inom matematik. Och forsoker beskriva
vad menar jag med strategi. For det ar véldigt svart att ge en definition for det.

Det som var intressant fér mig var om det gér att undervisa strategitinkande och om
strategier. Sa jag gjorde ett designexperiment i ett klassrum. Sa jag designade nagra
mattelektioner med malet att undervisa om strategier. Men for mig var det viktigt att
gora det inom ett vanligt klassrum inom en vanlig kurs. Fér man ldser ganska my-
cket om att man viéljer ut nagra elever eller man ger en kurs bredvid och undervisar
problemlésning och strategier. Men jag ville testa om det gick att gora i ett vanligt
klassrum. Jag holl sjélv i klassen och undervisade i ett ar, forsta matematikkursen pa
gymnasienivd med malet att vi pratade véldigt mycket om att narma sig problem pa
olika sdtt och vilka strategier [man kan anvédnda], det finns nigra kinda strategier.
Pratade lite om det och medvetandegjorde detta att du alltid maste gora ett val ndr
du far ett problem.

Att tanka att det inte dr inte rétt eller fel svar eller val just i den fasen, utan lara elev-
erna att det handlar om att diskutera. Och inse att detta leder sa smaningom leder till
ratt metod och algoritm, och till slut till ratt svar, eller icke. Sa att de inte blir rddda
for byta strategi om det behovs, just for att komma ifran den undervisningen som
jag pratade om i borjan att matematik handlar om att gora uppgifter och fa ratt svar.
Att inte koncentrera sig pa svaren utan koncentrera sig pa sina val, kunna motivera,
varfor gar jag den vagen och inte den andra. Det dr vad jag har jobbat med och skriver
om just nu, resultaten av de hdr lektionerna.
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Det kinns som en vildigt viktig och ndrvarande del. Jag jobbar nere pa sommarmatten
nu och ldser ju till ldrare och en fraga som jag far ofta dr “hur ska jag veta att jag ska
gora sa?”. Om man sdger att du ska anvinda den hdr metoden, “ja, men hur ska jag
veta det?”. Men det dr ju det som dr uppgiften.

Ja, precis. Och det dr det som lararen ofta hoppar 6ver i klassrummet ocksa. For
lararen forbereder lektionen, gar fram till tavlan, skriver upp en uppgift att “sa ska ni
tanka” och later aldrig eleverna uppleva fragan som ett problem. Och da nir man har
prov, testsituationer, finns ingen dér att hoppa 6ver just det forsta steget och saga till
dig hur du ska gora eller hur du ska tdnka. Sa i skolan undervisar vi vildigt mycket
metod och algoritm och icke strategier. Just det har “hur kom jag pa att jag ska ga den
vagen och inte nagon annan”. Och det kan man ldra sig bara genom trianing det ocksa,
helt enkelt genom att lita eleverna uppleva, analysera uppgiften. Det finns de har
vdlkinda strategierna, organisera data, hitta monster, tinka bakldnges, [...] speciellt
med “visa att”-uppgifter, vart vill jag kanske kan leda mig till hur jag ska borja. Prata
om de hér kdnda strategierna, det finns manga andra ocksd. Om man visar detta
for eleverna kanske det hjilper dem genom det forsta steget innan man kommer till
metod och algoritm. Innan problemet blir en uppgift, da har du passerat den kreativa
delen, resten dr en gorande del inte tainkande.

Hur togs det emot av eleverna?

De forsta tvd veckorna var ganska jobbiga. Eftersom de flesta av eleverna, mer 4n nit-
tio procent av eleverna i den klassen, tidigare har haft matteundervisning som sag ut
sa att man satt ensam i tystnad och raknade. Och nu plétsligt behdvde man prata och
uttrycka sina tankar och motivera “varfor tinker jag sa”. Jag har till och med ldst om
sddana tankar att ndgon gav en idé och nagon annan behover sen forklara hur den
andra personen har tankt. Vi jobbade valdigt mycket i smagrupper just for att kom-
ma igang med det hér att forklara, och medvetandegora att den andra kanske tanker
pé ett annat sétt och borjar pa ett annat satt men anda loser uppgiften eller problemet.
Jag forsokte vilja ut antingen sadana [...] for att gora uppgifter till problem kan man
antingen ha flera olika 16sningssatt och be eleverna hitta dessa. Jag valde inte valdigt
komplicerade uppgifter, utan till och med vildigt litta var de. Meningen var att inte
fastna pa den tekniska biten utan visa att det gar att ndrma sig en uppgift pé olika stt.

I borjan jobbade jag bara med att géra om uppgifterna i boken till problem genom
att stdlla fragan pa ett annat sitt. Eleverna upplevde en frustration, speciellt de sva-
ga eleverna som var vana vid att sitta langs bak och vara tysta och gora kanske en,
tva uppgifter per lektion och ga hem. Nu plotsligt blev de synliga och de kunde inte
slappna av pa mattelektionen. De duktiga var frustrerade for de tyckte att “vi ldr oss
ingenting”. Jag har lirt mig vildigt mycket av det sa nésta gang ndr jag kor kursen
kanske jag gor olika forandringar. Fordldrarna var ocksé frustrerade pa grund av att
jag inte anvdnde boken sa mycket pé lektionerna utan det blev mer som léxa att gora
de hir uppgifterna. Sa den delen att vilja metod och algoritm, som egentligen ar ren
traning av vad du har forstatt pa lektionen, eller borde vara.
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Eleverna kinde inte att de 4r kopplade till varandra. Det tog lang tid innan vi forstod
varandra, vad vill vi fa ut av det har. Men da gjorde jag sa att jag hade tva parallella
klasser, eller inte jag utan tva andra larare, och vi har planerat ihop sa vi gor samma
material och eleverna kommer att skriva samma prov efter fyra veckor. Bara att jag
hade min speciellt designade undervisning.

Anvinde de andra lirarna sin vanliga metod?

De andra ldrarna undervisade som de brukade gora. En av dem testade faktiskt ocksa
ett nytt sdtt att undervisa. Sa det var verkligen en variation av alla typer av under-
visning. Och efter det hdr provet sa lugnade foraldrarna ner sig, for klassen klarade
sig valdigt bra pa provet. Och s smaningom vande klassen sig vid det sdttet att jobba.
Sé pa slutet av lasaret hade vi kommit till att eleverna tivlade “jag har en l6sning till,
jag vill visa pa tavlan!”, sa de kom fram och diskuterade och ville visa upp hur man
kan tinka. Aven nir de gick hem fortsatte vissa att fundera kring vissa uppgifter
och nista dag kom de och sa “man skulle kunna gora sa hir ocksa” Sa det blev bra
faktiskt, men det var en hel del frustration kring just det att de inte hade tillrackligt
mycket tid att trdna in, pé lektionstid, det som vi laste om.

Séa det var jag lite oroad for, hur kommer de att klara av den proceduriella delen. Sa
sd sméaningom gav jag upp och insédg jag att vi behover da och da en sadan lektion
dér de jobbar med uppgifter fran boken. Alltsé inte med problemlosning utan med
uppgifter. Vanlig traning dar de far stélla sina fragor, bade till mig och till varandra.
Det behover man ocksa.

Jag hade tre designprinciper nér jag designade lektionerna. D4 sa jag att antingen
valjer jag en uppgift som kan 16sas med olika strategier, eller s& viljer jag en strategi
och visar att olika uppgifter kan l6sas med den, for jag ville visa att strategin kontra
metod och algoritm dr inte knuten till en del av matematiken utan samma strategi
kan du anvdnda inom geometri, algebra, aritmetik, och den tredje var att visa att vissa
strategier 4r mer effektiva dn de andra. Jag kan inte bara 16sa en uppgift pé flera olika
sitt utan vi kan diskutera varfor jag viljer den ena kontra den andra, varfor 4r den
effektivare? Effektiviteten i de har 16sningsstrategierna.

I alla problemlésningssituationer har vi tidspress pa oss sa det dr ocksa ibland en
faktor att l6sa det pa det effektivaste sittet. Sa aven den ska komma sen att inte vilja
att rakna ut nagonting som tar vildigt lang tid om det kanske finns nagot sitt att para
ihop, till exempel med talféljder sa ser man ett monster och snabbt far man svaret. Sa
det tinkte jag ocksa dr bra att medvetandegora.

Nu tittade jag pa nationella provens uppgifter, och tittade vilka uppgifter som blir
problem. Jag kollar upp lite grand de uppgifter som de tycker ska ge problemlosning-
spoang. Och sjdlvklart dr det da viktigt med problemets definition, vet de att alla
elever kommer att uppleva den uppgiften som ett problem? Sjalvklart kommer up-
pgiften for vissa inte att vara ett problem eftersom de kdnner igen den och léser den.
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For andra blir det ett problem. Just nu tittar jag [...] Mina elever har plockar fler
problemlésningspoédng jamfort med kontrollgrupperna och nu undersoker jag om
det 4r min undervisning som har paverkat dem. Ar strategitinkandet viktigt dnda i
de uppgifter som ger problemlésningspoang och i sa fall hur.

Har du undervisat under dret, samtidigt som du doktorerar?

Jag har valt att undervisa pé skolan, sa mina tjugo procent undervisning dr pa gym-
nasiet, eftersom jag forskar om detta.
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