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– But it is supposed to work for any positioning of the defect, objected Louise.
– You choose one example, and at the same time you are supposed to prove that it works for all
cases, said Jacob. That is the problem. Just proving that it works for a single case is a piece of cake.
– You could always prove that the number of squares is divisible by three, said Louise.
– Yes, that’s easy, said Jacob.

Checking the Solution
– But look here, said Andy and pointed to the 2 × 2 board. Solving this one is trivial.
The others agreed cheerfully: that would be an easy assignment.
– So let’s take this one and put it here, said Andy and pointed to the 4 × 4 board. We can take
this one…
– No, wait a minute, protested Louise. We aren’t supposed to have more than one defect.
– No. You’re right, Andy agreed. That would be too many.
– That would give us four black squares, said Irene. But on the other hand, we would have three
left.
– What? Three left? asked Louise.
– Those three, said Irene and pointed to the drawing.
– And you can place those anywhere you want, said Andy.
– And then you can put in an L to cover them, Irene concluded.
– Okay, said Louise and made a drawing. If we move this one (the 4 × 4 board) on to this one
(the 8 × 8 board) we have covered them all. And you can enlarge it even further.

Figure 7: The geometrical sketches made by the students.

 – And then we’re supposed to describe this mathematically, said Louise giggling.
– This is not a proof, said Irene, this is just a way of showing how it will turn out.
– Yes, now we’ve done it logically, said Louise.
– Now we know that it holds, said Irene. Now we believe in it.

Proving the Proposition – The Algebraic Way
Louise wrote down a formula which showed that the number of squares in a defective
chessboard is always divisible by three
– But the only thing it says is that the number of squares add up, she said and Robert agreed.
– But we’re not supposed to sit here just testing, are we?  said Irene. It works for this one, and
for this one, and…
– Let’s strike out the first part of the sentence then, suggested Louise and the group members
laughed heartily.
– You could always do it by induction, said Andy. But it wouldn’t be mathematical induction, he
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added. Is there any other way? he wondered and silence followed. Of course, you could always
prove that it holds for the smallest board, he suggested to the others.
– Where n equals one, said Irene.
– Yes, said Andy, and then we raise it to two and show that it holds for that one too.
– No, objected Louise, the next step would be…
– …that you assume that it holds for…Robert filled in.
– …assume that it holds for k, said Louise.
– Yes, okay, said Andy, that’s how you do it. Yes.
– And then for k+1, Robert reminded him.
– k+1, yeah, that’s it, agreed Andy.
– The question is how you write it down, said Andy and looked at Louise’s formula.
– This says nothing about the placement of the square, she said, it just tells you about the number
of squares.

Proving the Proposition – The Geometrical Way
The students found out that the L-piece could be placed in four different ways on the
smallest board. Could that be helpful?
– In order to cover this board (2 × 2) you need one L, but there (on the 4 × 4 board) you need
five, whatever that means, said Andy.
– But I don’t understand how we are to describe where on the board the defect should be placed,
said Irene.
– No, said Louise, but if we do it like this…
– Is that mathematical induction? asked Andy.
– What the heck…induction, said Louise with a laugh.
– I think we have solved it, said Andy. By induction, almost.
– Yes, okay, Louise agreed.
– But the thing is, objected Irene, that induction is to prove something…
– …for k, Andy filled in.
– …and for the number of x, continued Irene. We have just tested.
Jacob tried to formulate in words what the students had discovered:
– Let’s say that one out of four squares is covered. On the other three squares we place the holes
so that they are available to all three. It’s as simple as that. One is covered by the defect and on
the other three we can choose where to place the holes. And then we see to it that the holes are
placed so that they form…
– …an L-shape, Andy filled in.
– Yes, but the problem is how to write it down mathematically. That is incomprehensible. It is almost
impossible, Jacob said with a sigh.
– Yes, but as we said: This is, after all, induction. Really, Louise stated.
– It is induction, although not mathematical, said Andy and laughed.
– But it doesn’t say mathematical in the text, said Louise. It doesn’t.
– No, you’re right, giggled Andy.
– But it is induction, Louise insisted. We have shown that you can put it there.
– We have reasoned our way through the problem, said Irene and finished the discussion.

_____________________________________________________________
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The Collaborative Work Form
What characterises the collaboration between the students? Apart from
Robert, who participated very little in the group discussion, all of the
students took an active part in the exploration of the task. They willingly
shared their views with each other and openly revealed what they did not
know, as for instance when Andy confessed that he had forgotten the
specifics of inductive proofs (“Yes, okay, that’s how you do it”). The atmosphere
was cheerful and easy-going and the students sometimes took the liberty of
approaching the mathematical discourse in a playful way, for instance when
the word ‘trivial’ popped up in the discussion, to the students’ common
amusement. The mathematically oriented reader will recognise the word as
an expression often used and sometimes misused in mathematical
conversation.

The students tried out a variety of interpretations of the task and they also
argued against these interpretations. About one third of the total number of
247 utterances can be described as elaborations of contributions previously
made by others – utterances, tentatively formed by one student, are
reformulated or filled in by another student and completed by a third
member of the group (for example p. 80 above).

The communication is clearly a case of co-operation, a communicative style
often said to be preferred by women, in contrast to the adversarial style more
often found in male conversations (e.g. Coates, 1993). On the other hand,
the conversation sometimes took on an adversarial tone, for instance at the
beginning of the period, when Jacob strongly objected to Irene’s statement
that the defect could be placed anywhere on the board. We found the same
conversational pattern in the other five groups who solved the task: the
students tended to make use of both styles of communication – the co-
operative style and the adversarial style. We also found that an overuse of
either style could lead to the overlooking of fruitful arguments (Wistedt, et
al, 1996). In the group where the students did not succeed in finding a
solution to the task the members seemed so keen on holding the group
together by agreeing with each other that they missed the chances of
elaborating the meaning of the utterances put forward in the discussion
(ibid. p. 79-88).

The female students in the group above contributed a lot to the group
discussion: Louise, for instance, assumed the major responsibility for
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illuminating the shortcomings of their argumentation by raising questions,
challenging views, and clarifying the meaning of the other students’
contributions to the discussion. The female students did not, however, take
on the supportive role described by the teachers in the previous chapter – the
role of holding the group together. They were supportive, in the sense that
they built on, elaborated, or refuted the other students’ utterances, but they
were not mothering the other members. The group was rather held together
by the students’ common ambition to find a proof for the proposition stated
in the task.

The communication described in the narrative above comes very close to the
ideal of a collaborative learning session. This makes the example an ideal case
for investigating the relationship between the forms of work and  learning
outcomes in terms of how the students understand the content of the task.
To investigate such a relationship is one of the aims of this evaluation. Let
us, therefore, turn to the students’ understanding of the assignment and the
concept of mathematical induction.

The Students’ Interpretations of the Assignment
The assignment was designed to promote reflection upon mathematical
induction. As expected, it caused consternation in all of the six groups. None
of the students seemed to view geometrical proofs as acceptable within a
mathematical culture. In all six groups who worked with this task, the
students seemed to prefer algebraic interpretations of the task, and we may
wonder why. It certainly came as a surprise to their teachers when they read
the narratives. They never said that algebra was an essential characteristic of
induction. They may have used algebraic examples in their teaching, but we
all know that mathematics works much like judicial law – what is not strictly
forbidden is allowed. Even if all examples used in teaching were to be
algebraic, this would not mean that they have to be, unless such a requirement
is explicitly stated.

But what about implicitly? Learning takes place in a social environment, and
the students are sensitive to that environment. Students learn not only from
what is said in teaching, but also from how knowledge is presented and
valued (e.g. Marton, et al, 1997; Säljö, 1982; Perry, 1970). Many of the
students in the previous chapter believed that transitivity involved three
elements, since three names were used in the definition of the concept; the
students in all of the six groups discussing induction believed that inductive
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proofs were algebraic in essence, a belief that  probably follows in part from
the fact that algebraic examples were used when the proof method was
introduced in teaching. Professional mathematicians may well regard such
details of presentation as form and background; the students, on the other
hand, may easily come to view them as content and pattern.

If the students believed that algebra was an essential characteristic of
mathematical induction, an algebraic interpretation of the assignment
simply fit with their views of how to perform inductive proofs. But the task
didn’t seem to lend itself to algebraic manipulations. Viewed from an
algebraic perspective the task seemed impossible to the students, almost
inconceivable.

In the group discussed above, an alternative interpretation to the covering
problem was offered – the problem of proving that the number of squares
in a defective chessboard is always divisible by three, a problem which the
students knew how to solve by algebraic methods. Louise, who suggested it
to the group, realised, however, that this was not the problem intended by
the author of the text. The proposition: that the number of squares in a
defective chessboard is divisible by three, is a weaker claim than to state that
a defective chessboard can be covered by L-pieces (“This says nothing about
the placement of the square, it just tells you about the number of squares”).
Nevertheless, in two of the groups at Stockholm University, and in all of the
three groups at Göteborg University the divisibility problem was suggested
by one or more of the students in the groups, and in three of these groups
the problem was explored in great detail. The students all seemed hooked on
algebra, a way of reasoning which they seemed to identify with mathematical
argumentation.

Understanding Induction
In five of the six groups, however, a geometrical solution was eventually
proposed and elaborated by the students, and in all of these groups the
students appreciated the solution which they did not only find convincing,
but “damn neat”, even “beautiful”. The students were not, however, able to
devise a method of proof which would help them to surpass the limitations
of the empirical induction which they used as a method to produce the idea
for the solution, or as a student said in one of the groups at the Stockholm
University: “You need a formula of some kind, or at least something which sets



85

aside all doubts. You cannot rely on something mysteriously visual. You need a
general solution to all puzzles. That is, after all, the task”.

In five of the six groups the students managed to produce geometrical
arguments, but although they seemed convinced by their own argumenta-
tion (“Now we know that it holds. Now we believe in it”) they doubted its
mathematical relevance (“This is not a proof, this is just a way of showing how
it will turn out”). In all of these groups the students posed questions about
how to negotiate the foundations of their beliefs, how to assure themselves
of the logic, how to turn their ways of reasoning into a solid argumentation.
They could not, however, find any means by which to signify an arbitrary
chessboard, and, in addition, an arbitrary placement of the defect (“I don’t
understand how we are to describe where on the board the defect should be
placed”). They wondered how they were to depict a specific board with
specific dimensions, and with the defect positioned in a specific place, and
from such a point of departure prove that an arbitrary board could be covered
(“You choose one example, and at the same time you are supposed to prove that
it works for all cases”).  The students seemed to lack the linguistic means
necessary to provide the proof of their assertions.

And maybe other means as well. Empirical induction is, as the students all
knew, not a valid method of proof. Even if they were to test a long chain of
successive n:s they still would not have proven the assertion that all defective
chessboards can be covered by L-pieces (“We’re not supposed to sit here just
testing, are we? It works for this one, and for this one, and…” or “This is not a
proof. This is just a way of showing how it will turn out.” ). Mathematical
induction, however, is a valid method of proof. Contrary to the inductive
reasoning of empirical induction it is based on a deductive logic: a step-wise
hypothetical reasoning founded on an axiom – the axiom of induction –
which states the following:

Suppose you have a set of natural numbers M with the following two
properties:

(1) 1 ∈ M (1 belongs to the set M)

(2) ∀n (n ∈ M ⇒ n+1 ∈ M) (For all natural numbers n, it holds that if n
belongs to the set M, then its successor n+1 also belongs to M).

Then M must be the set of all natural numbers N
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In the language of logic:
[1 ∈M ∧ ∀n(n ∈ M ⇒ n+1 ∈ M)] ⇒ M = N

In our case M is the subset of N consisting of natural numbers n such that
the following statement P(n) is true:

P(n): It is possible to cover any defective 2n × 2n chessboard with L-pieces

regardless of the position of the defect.

The students, however, did not seem to address the task of proving the
proposition above within a context where the axiom of induction was
accepted as true, and neither did they seem to be aware of the logic involved.
The students knew that they could cover the smallest chessboard (“Where n
equals one” as Irene stated), hence they knew that 1 must belong to the set
M (1). The second part of the conjunction (2), however, consists of an
implication, and this seemed to have been a major stumbling block to the
students in all of the six groups.

What does it take to prove an implication A ⇒ B? The statement tells you
that if A is true then B is also true, which means that we only have to rule
out the possibility that A is true and B is false. In all other cases the
implication is true.

In order to prove the second part of the conjunction (2) above, we choose
an arbitrary n ( or k as the students in the group above preferred to call it).
But how are we to choose such an n? This is what the students in all of the
groups ask themselves in a variety of phrasings, and in posing such questions
they tell us that they are not trying to prove the implication, but single
statements about n. In using mathematical induction, however, we do not
have to pose such questions, and this is the merit of the proof method. We
just have to prove that if P(n) holds then P(n+1) holds. If it is possible to
cover an arbitrary defective 2n × 2n chessboard, then it must also be possible
to cover the chessboard next in size, 2n+1 × 2n+1 , since it consists of four
defective 2n × 2n chessboards (one initially defective and the other three of
the four constructed such that the virtual defects can be covered by an L, as
Jacob said). This is all we need.

If we scrutinise the students’ formulations when they summarise their
solutions we can see that they have access to all the elements of the proof: they
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know that the 2n+1 × 2n+1 board consists of four boards 2n × 2n, all ‘defective’
(“Let’s say that one out of four squares is covered. On the other three squares we
place the holes so that they are available to all three. It’s as simple as that. One
is covered by the defect and on the other three we can choose where to place the
holes”). The consequent is however not linked to the antecedent – the if-then
assertion on which the proof rests is missing, and without this prerequisite,
without an understanding of the logical foundations of mathematical
induction, the students are at a loss when trying to grasp the point of the
method of proof (Wistedt, et al, 1997).

The problems that face the students thus seem to exist at a meta-theoretical
level. Since this level determines the relevance of the information provided
in the assignment, the students could not find their ways out of the dilemma
facing them. The students lacked, as the teachers in the previous chapter
pointed out, the prerequisite knowledge – the basic assumptions which
would render the information meaningful, in this case the axiom of
induction. Deprived of the knowledge necessary to solve the problem the
only option available to them was to contextualise the task within the realm
of empirical induction: the students investigated a number of defective
chessboards, they found a general method to solve the problem for any given
chessboard, but they did not find a method of proof that would take care of
every possible counter-example, and hence they were not satisfied with their
solutions.

The group above solved this dilemma in a playful manner. They exploited
the rules of the mathematical discourse to circumvent the issue. As mentio-
ned, mathematics works much like judicial law. What is not strictly
forbidden is allowed. The text doesn’t explicitly state that mathematical
induction should be used, as Andy and Louise both noted. Hence, the
students took the liberty to use any form of induction, or   “induction,
almost”.

The Merits and Limitations of the Collaborative
Work Forms
The group work did not help the students to overcome their views of
induction as algebraic in nature, and neither did it help them to establish the
framework of the axiom of induction. Since all of the students shared the
same limited notion of mathematics generally and inductive proofs specifically,
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no incitement for a change in views was introduced in the groups.

The divisibility problem was, however, discarded in five of the six groups. In
all of these groups a member objected that “we must consider the L-shape of
the piece” or “This may be irrelevant, but what we have shown is that you can
cover a chessboard with threes. They don’t look like that” (see Wistedt, et al,
1997), remarks which opened for critical reflection upon the interpretation
of the task. In such cases the collaboration between the students served as a
challenge to limited, taken-for-granted notions harboured by the individual
students.

Co-operation between peers clearly has its merits. But limitations exist as
well: If the students do not link mathematics to logic, if they do not
understand what a proof is, or what characterises hypothetical reasoning, we
cannot leave it to the students to find these things out for themselves,
especially if we suspect that they share their cognitive shortcomings with the
other students. The students need to interact with more experienced
members of the academic cultures in order to overcome the limitations in
their personal views of the subjects.

This means that we have to broaden the notion of collaboration to include
not only the students but the teachers within the programmes as well. A
crucial aspect of the developmental projects within the Government’s
initiative is the increased number of opportunities that the students have to
interact with their teachers: in tutorial sessions, in assessment procedures,
and in oral and written presentations of projects or assignments. In the next
chapter we will investigate one example of such teacher-student interaction.
The example is based on data gathered during a three-day assessment period
carried out at the end of the third term of the programme for Scientific
Problem Solving at Göteborg University. In this last chapter of the in-depth
study we will examine how a co-operative and interdisciplinary assessment
procedure can help the students, and the teachers, to reflect upon learning
as a human practice rooted within traditions of knowledge which provide
the disciplinary frameworks through which the world is viewed.
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Interdisciplinary Assessment of
Student Knowledge

The programmes within the Government’s initiative offer the students a
variety of work forms with the aim of aiding them in developing scientific
attitudes towards the subjects studied. The problem is, however, how we are
to know whether the individual students make use of the offerings. In the
previous chapters we have described situations where groups of students co-
operated in carrying out assignments, situations which provided them with
the opportunities to relativise their own ways of thinking, to express their
thoughts so as to make them understandable to others, and to listen to and
make use of other people’s arguments. We found, however, that there are
certain limitations to what the students can accomplish in co-operation with
their peers. Learning is, in part, a socialisation into existing disciplinary
cultures, and the students cannot be expected to be fully acquainted with
these cultures, and, hence, they need guidance from more experienced
members of the disciplinary communities in order to develop knowledge
which is not only personally but also culturally relevant.

How is it possible for the teachers to shoulder the responsibility of guiding
individual students in their learning of mathematics, physics, statistics and
the like, through forms of work which are collaborative and interdisciplinary
in nature? Below we will open a dialogue on these issues.

The Case
Three commentators – one mathematician, one physicist and one
representative of the labour market – were invited to read two group reports
from an interdisciplinary project carried out by students in the third term of
the programme for Scientific Problem Solving, and to comment on them in
individual interviews.

The reports had as their main focus physics, more specifically electronics.
They represented the study results from a course called ”From Signal to
Information” within which the students had devoted about five weeks to a
group project in physics, mathematics and mathematical statistics.
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The students started their projects by choosing something to measure, for
instance the propagation of sound waves or the amount of UV-radiation
under various weather conditions. In groups of six the students devised and
constructed a measuring instrument. They used it to make observations, and
in written reports and oral presentations they reported the results of their
measurements to an audience of examiners, teachers and peers. The data
used in this study comprises the students’ written reports, four in all, and the
groups’ oral presentations, which were recorded on both audiotape and
videotape and later transcribed in full. The students were also examined
individually by three examiners – a mathematician, a physicist and a
statistician. In groups of two the students were asked questions about their
work. During these individual, oral examinations all of the pairs within the
same study group received similar questions, for the sake of comparability
and fairness.

The assessment procedure has been described in greater detail elsewhere (see
Wistedt, 1997; Wistedt, in press). Below, some short excerpts from the
different phases of the assessment procedure are presented to enable the
reader to take part in the dialogue. Excerpts from the oral presentations and
the individual oral examinations were also read by one of the commentators
– the mathematician. The three examiners were also interviewed, two of
them individually, and the three of them together in connection with a group
discussion held in preparation for the oral examinations. On these occasions
the interviewees gave their views on the merits and limitations of these forms
of work, and on the qualities of the students’ learning. All of the interviews
were tape-recorded and later transcribed.

The Performances of the Student Groups
The most striking observation from the interviews with the examiners was
that their opinions about the students’ performances on a collective level
diverged substantially; in fact the report which the physicist regarded as the
best of the four group reports was judged as the worst by the mathematician
and conversely.

Since the students were not supposed to receive separate grades in the three
subjects involved, but a joint verdict of either ‘fail’, ‘pass’ or ‘pass with
honours’, the examiners had to reach agreement on how to evaluate the
students. The three aspects of the assessment procedure – the written reports,
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the oral presentations, and the individual oral examinations – were not
graded separately either, but the individual students were to receive credits
for their contributions to the work as a whole, and as a consequence the
teachers had to discuss their respective evaluations of the group works as well
as the individual performances within them. Some short excerpts from the
discussion among the examiners will highlight their differences in opinion
about the quality of the group projects:

_____________________________________________________________

A Discussion About the Students’ Reports
– Let’s discuss the report written by group B, which is interesting since you think it’s good and I
don’t, said the mathematician and turned to the physicist. Maybe you can say a few words
about it.
– Well, first of all I find it easy to read, said the physicist and continued: They have described
what they have done experimentally, and the report is fairly extensive in regards to background
theory and comprehensive in its descriptions of what the students have done and how different
parts of their instrument function, and on occasions they have tried to analyse their results – why
they turned out as they did. Of course, they have made mistakes: Their way of testing the
loudspeakers, for instance, doesn’t work, but at least they have tried to figure out a way to test
them. They have bothered to tell us how you could design a test. They have not just neglected the
problem.
– Yes, and in my opinion the report is difficult to read, said the mathematician. There is a lot of
chat and still you do not get a clear picture of what they actually have done. There are too many
words used to explain very little. The language is informal in the wrong way. And…let’s see…maybe
I can detect things which you can’t see, since you know what is supposed to be there.
– Exactly, agreed the physicist.
– Trigger, for instance, continued the mathematician. It says here that ‘the oscilloscope started
to trigger’. I don’t know what the word means.
– No, that’s jargon. Such things pass my eyes, said the physicist.
– Yes, but since the report is so verbose elsewhere you get the feeling that they explain some things
in detail but let other things pass through without comments, the mathematician concluded.

__________________________________________________________________

So, what is the verdict? Is the report ‘comprehensive and extensive’ or is it
‘verbose and chatty’? And what can explain the differences in opinion
expressed by the examiners above? In the dialogue below these questions will
be discussed.

Differences in Disciplinary Perspectives
The statistician, who also took part in the discussion from which the excerpt
above was chosen, commented on the differences in opinion between the
physicist and the mathematician:
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– I can understand both of you, he said. The problem is the same in mathematical
statistics. What group B tries to do, more successfully than the other groups, is to
clarify what they have actually done. And even if this, in some sense, makes the
report wordy, they are at least trying to explain what they have found out. But
I know that there are differences between pure and impure mathematics, as I call
it.

The mathematician objected that it was not actually the mathematical parts
of the report that were chatty. These were more to the point.

– But that is not what I mean, replied the statistician. I mean the differences
between your evaluation of the report and mine. I am much more used to this
chattering about, to the ‘story-telling’, than you are, being, as you are, a pure
mathematician. Regarding the statistical parts of the report I see definite
advantages in their use of many words. The wordiness shows that the group has
had the intention of telling others what they have done and what their results are.

The discussion casts light on some important aspects to interdisciplinary
work. Learning a subject is in part a process of adapting to a scientific genre.
In this case, however, the students were addressing multiple audiences:
mathematicians, physicists and statisticians were all supposed to understand
the text. The problem is, however, that in adapting to one genre, in this case
physics, the students may easily come to violate the rules of other genres, for
instance the mathematical genres, where ‘chattiness’ is not held in high
esteem. Technical language may also exclude readers, in this case the
mathematician. Explaining technicalities, for instance what ‘trigger’ means
may, on the other hand, be viewed as a bit naive within the physical sciences.
Such matters make interdisciplinary work difficult.

On the other hand, you may argue that the ability to adjust to multiple
audiences is a necessary part of the knowledge about a subject, and,
furthermore, an aspect stressed in all of the programmes within the initiative.
This aspect of the developmental projects was also praised by the representative
from the labour market who pointed out that when experts from different
disciplines meet they easily take their own frames of reference for granted:

– And some experts have great problems bearing in mind that they address other
human beings who actually wish to understand what their message is.
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The statistician seemed conscious of the differences in disciplinary
perspectives. This may be due to the fact that many statisticians are
accustomed to co-operating with colleagues from other disciplines, which
may affect what ”they take as normal, natural, real, reasonable, expected and
sane” (Hawkesworth, 1996, p. 91). Discussions, such as the one cited above,
may, however, provide the teachers from other subjects, who are not as
accustomed to interdisciplinary co-operation, with the same opportunities.
In this respect the teachers who participate in the development projects are
offered chances to broaden their understanding of the other subjects taught
to their students. The concluding part of this report elaborates on this aspect
of the projects in terms of in-service training.

Differences in Roles and Responsibilities
The reports were written by the groups and the groups were also given the
opportunity to display and defend their work in oral presentations. One day
was allocated to such presentations, during which the groups described and
discussed the results of their projects with the other students and with the
three examiners. Some of the teachers who had been tutoring the groups
were also present. Each study group was entrusted with the task of scrutinising
the contents of another group’s report, and to put forward critical questions
during the debate.

The answer to the question above – was the report, discussed by the
examiners ‘verbose’ or ‘comprehensive’ – was answered in a rather interesting
way by the students who had studied the report written by group B. Their
answer was that the report was both ‘verbose’ and ‘comprehensive’ depending
on the perspective adopted. If the content was viewed in relation to the
overall goal of the course – the goal of learning electronics – the report was
found to be comprehensive in the sense that it provided ”many excellent and
thorough explanations”. On the other hand, if the text was viewed from the
perspective of the reader it could be regarded as a bit chatty: ”There are many
discussions about components that you do not use./…/ On the whole, it would
have been better if you had asked yourselves what you actually need, and choose
components that fill the requirements, instead of reasoning about components
randomly, telling the audience why you did not choose this or that. It makes the
text unnecessarily messy.”

 Roles and responsibilities vary and different responsibilities are not always
easy to combine, for instance the role of being a well-informed student
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telling the teacher all that you have learnt about the subject matter, and the
role of the efficient communicator, providing no more and no less informa-
tion than is needed for a reader or a critic to follow a certain line of reasoning.
The report written by group B concerned the measurement of sound waves.
In the mathematical part of the report the students had introduced the wave
equation. The other students asked them about the function of these
calculations:

_____________________________________________________________

– Concerning the chapter about the wave equation: We were wondering what it was doing there
in the first place.
– You’ll have to ask our supervisor about that, said one of the students in group B giggling, but
another student intervened:
– No, but he thought that it was more fun to calculate on the waves than on the currents in the
circuits we had used. And we thought that since our work concerned sound waves, it could be a
good idea.
– A nice application, added a third student.

_____________________________________________________________

Viewed from the perspectives of the communicator and the reader, the wave
equation was redundant. Viewed from the perspective of the supervisor and
the learner, the introduction of the wave equation was an excellent chance
of applying some mathematics learnt in previous courses.

The clashes of roles was commented on by the mathematician who read the
reports and the narratives describing the oral examinations. He noted that
the roles of the subjects involved in the projects were very different. These
particular projects had their main focus on physics, and:

– When examining the students, the physicist did not have to drag the students
before a theoretical issue which he found interesting and worth reflecting on, and
which reached beyond the local task. Such issues presented themselves readily. You
couldn’t help considering them. This was not, however, the situation for the
mathematician. The mathematical issues that needed to be studied and were
brought into light by the project were either trivial or beside the point. I may seem
to be going a bit overboard and my wording may seem a bit harsh, but still I find
that there is a problem lurking here.

The problem can be described as a problem of how to combine the
responsibilities of learning and the responsibilities of completing a project



95

in an efficient way. Choosing the latter may have serious effects on the
former:

– To put the matter in a nutshell, continued the mathematician: if, as a result,
you solely take an interest in the mathematics needed for the moment, or that you
believe are needed, you will not learn mathematics. You have to reflect upon the
theories.

The issue raised above is interesting and relevant to all of the projects within
the initiative. In the next part of this report – the evaluation – we will return
to the problem and we will discuss the various ways in which it is handled
within the programme for Scientific Problem Solving and within the other
programmes.

The Performances of the Individual Students

Limitations to the Collaborative Work Forms
The written reports and the oral presentations were all group performances.
One limitation of such presentations is that they make it hard for the teachers
to discriminate among individual levels of excellence. In the general discussion
about inclusive education, a concern often expressed is that collaborative
teaching methods, such as projects or problem-based learning, do not allow
for stringent assessment of individual knowledge. Some students in the
groups may, as a consequence, pass courses on the basis of fewer
accomplishments than their peers. The examiners who took part in this
study were well aware of this:

Examiner in mathematics: I know that all of the students within the groups
can’t come up with the solutions presented in the group reports. Only some of
students have such capabilities; I’m fully aware of that. A couple of students raise
the quality of the work. Some of the other students follow them and some don’t.

The commentators also expressed their concerns about the quality of the
individual knowledge acquisition within the collaborative works forms:

Representative from the labour market: I can see definite advantages to the
work carried out by the students: First of all the projects involve practical
applications which I believe are beneficial to learning. Secondly the projects
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include investigations of the theoretical foundations of the work. Whether or not
the level is reasonable is beyond my judgement, but they are there anyway.
Furthermore, the projects include mathematics, statistics and reasoning about the
sources of error – they are both practical and theoretical, which I believe is very
good.

The important thing, however, is that all of the students within the groups take
an active part in the projects so that they can understand and make use of the
critical suggestions offered by their teachers and peers. I’m not sure that they all
can do that. The reports are the results of group works, but what are the
contributions of the individual students? Spontaneously I feel that when higher
education keeps expanding, and the universities live in their own world
admitting as many students as they possibly can, the standards of quality may be
lowered as a result. It’s human to adjust to the circumstances, and if the students
do not have the knowledge needed I don’t think that they will gain enough from
a project. One problem is that the students pass through the programmes at a
different pace. The group work, however, will follow its schedule just the same.
If some students lag behind in the theoretical parts of their studies, maybe they
lag behind in the groups as well.

Such difference between the students may even get greater over time. During
the examination process one of the examiners made a comment:

Examiner in statistics:  A thought which has struck me during these conversations
with the students is that within this programme the students may diverge in terms
of qualities of learning. I remember how these students acted a year ago (referring
to two male students who had just been examined). They were in the same
group then as one of the women, and the boys used to talk quite loosely at that
time and she really knew how to reason quantitatively, but in a way they seem
to have separated even further. Now the boys just talk and talk. Nothing but chat.
No distinct answers to any of the questions. It seems as if they do not have the
intention to probe deeply into the matters. Maybe such tendencies are strengthened
within this programme, I don’t know, but the thought suddenly struck me.

In the chapter presenting the students’ perspectives on the forms of work, a
male student from Stockholm University expressed his concerns about the
quality of learning developed within the collaborative work forms: “I’m dead
scared”, he said, “that the projects will be regarded as having low status.”



97

The concerns expressed above are relevant to the programme policies and
they have to be dealt with, otherwise these attitudes may develop into a more
general scepticism towards programmes designed to fill the needs of new
groups of students. Such attitudes do not benefit the students recruited to
the programmes, and hence, an inclusive education must take these concerns
into account. Within the programme for Scientific Problem Solving, the
problem is handled by supplementing the group assessments with individual,
oral examinations on the students’ understandings of the specifics of their
project work.

The Individual Students’ Understanding of the Subject Matter
One merit of oral examinations is that they allow for an investigation of
broad aspects of student knowledge. The students’ interpretations of the
questions posed, their ways of organising an answer, and ways in which they
phrase their answers can say a lot about their understanding not only of the
subject matter in a limited sense, but of the subject as a whole and of the
educational setting in which it is embedded.

The individual students within the respective study groups varied a great
deal in their understanding of the work done, an observation which
strengthens the importance of the concerns expressed above. Examples from
the individual oral examinations of the students within the same study
groups will illustrate the character of these differences.

_____________________________________________________________

Two Short Excerpts from the Physics Examination
The students in group A had constructed a measuring instrument and used it to measure
the amount of UV-radiation on a sunny and a cloudy day. The physics examiner asked the
students individually about the sources of error that the group had taken into account
when discussing the results of their project. Two students, both female, answered the
question in quite different ways:

Student 1: Sources of error…you mean in the circuit?
Examiner: Mmm.
Student1: Well, we have the sources of error that we can measure. First of all we have to consider
the errors of the voltage-meter, and of all the components that we used which can deviate by this
or that many percentage units. And then we have the sources of error…or we believe that the
most important errors are our estimations. If you look at the diagram (she directed the
examiner to the page in the report and explained some problems concerning the
approximations given)…those are not very good estimations, but we could not find any
alternative ways of estimating them. Then we have the fact that our instrument lets through some
indirect radiation. We made some estimations of the filter, but the instrument lets some radiation
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through at this point (she pointed to a figure showing the instrument) and there we have not
made any estimations at all. Those are the most important sources of error as I see it.
Examiner:But you have presented some calculations of the errors, haven’t you? The filter lets
through 3% of IR-radiation, doesn’t it?
Student 1:Yes those values are given. We thought that we had to have at least some grounds for
disregarding the error.
Examiner: Some arguments then?
Student 1: Yes, at least to some extent.

Student 2 answered the question as follows:
Examiner: Can you tell me a little about the sources of error.
Student 2: The ones that we have?
Examiner: Mmm.
Student 2: Except the ones mentioned in our report?
Examiner: No. Those. If you have any else…
Student 2: Ah…well…what should I say? What we have not mentioned in our report is that we
would like to improve our instrument by constructing a lens which gathers the radiation coming
from different directions, in order to be able to measure all the light which comes in. Much that
falls in is diffuse radiation and we really do not know what the margin of error is. And then (she
turned the pages in the report)…you mean apart from the ones mentioned in the report, don’t
you? Or do you mean that I should give the ones mentioned?
Examiner:Yes. Please give an explanation to how you have reasoned.
Student 2:Well. What should I bring up? I can take this part, where we have calculated the errors
which we know exist on the resistors and the voltage-meter, where we actually have calculated
the error, the maximum error, or the margin of error…

_____________________________________________________________

An intentional analysis of the answers given by the two students reveals some
interesting and important differences between the two:

Student one interpreted the question from the examiner as an invitation to
discuss the most important sources of error and she organised her answer
accordingly. She started out by mentioning the errors that the group had
been able to calculate, moved on to the errors that could only be estimated
and ended up with errors to which no estimations whatever had been
offered.

Student two, on the other hand, had difficulties interpreting the question.
Her first thought seemed to be that the examiner wanted her to reproduce
the sources of error mentioned in the report (The ones that we have?) a quite
pointless intention since both the examiner and the student had access to the
report. An alternative interpretation was offered: The examiner must have
meant the sources of error which the group had not mentioned (Except the
ones mentioned in our report?), an interpretation which was followed up in her



99

third statement, where she told about an error which had not been taken into
account by the group. The alternative interpretation was tested once more
at the end of this statement in which she returned to her initial interpretation
(Or do you mean that I should give the ones mentioned?) which was confirmed
by the examiner. But how do you ‘tell about’ the errors mentioned in the
report? What is the point of it?

Student two obviously had a limited understanding of what it means to ‘tell
about’ results gained in a scientific context. Student one structured her
answer in accordance with an overriding principle, in this case the importance
of the errors in terms of how accurately they could be calculated and, hence,
how correctly they could be regarded. Student two could not find such a
principle which forced her into picking out errors randomly (What should
I bring up? I can take this part…), she was forced, that is, into a reproductive
mode of approaching the task.

The differences between the students raise some important questions which
will be discussed in greater detail in the concluding part of this report: Have
the principles of reasoning within a scientific context been addressed in the
groups? Have the teachers and supervisors brought them into focus or have
they just taken it for granted that the students will eventually understand the
essentials of scientific reasoning? If so, what does this mean for those among
the students who are not, by sex, social background or previous training,
attuned to a scientific mode of thinking?

The oral examinations are, however, one of the occasions where students and
teachers interact, and, hence, they offer the possibilities for the teachers not
only to investigate whether the students have understood what it means to
reason scientifically within the respective subjects, but also to communicate
the essentials of such reasoning. One example from the interaction between
the examiner in statistics and three of the students in group B will illustrate
the educational merits of such interaction between a teacher and a student.
In this case the communication took place during an assessment. It could
have taken place during a tutorial session as well.

_____________________________________________________________

Two Short Excerpts From the Statistics Examination
The examiner asked the students about the statistical models used in the group report.
The students had constructed a measuring instrument which measured the propagation
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of sound waves produced by guitar strings:

Examiner: In the statistical part of your report you refer to some distributions. What distributions
are these?
Student 3: Well, we assume that is has a normal distribution, the experiment on the strings that
we made. But we have not been able to verify this. We had too few measuring points…or
observations in order to use a normal distribution.
Examiner: That sounds reasonable. I don’t object to that. You say that it has a normal distribution.
What has a normal distribution?
Student 3: Well, in our case…well…the variation of the strings. The variation within the strings
and between the strings.
Examiner: Well, many things can vary on a string. What has a normal distribution?
Student 3: Well, we measured the frequencies of the strings when we plucked them.
Examiner: Yes. So it is the frequency then?
Student 3: Yes.
Examiner: Yes. But there is another distribution involved too. Not just the normal distribution but
another one.
Student 3: Well…we used a t-distribution I think…I believe we did that.
Examiner: Well, it’s a good thing that you have the knowledge of matters outside of your report.
But that is not the distribution you used.
Student 3: No. I thought that we did, but…(silence followed)
Examiner: Well, it’s an F-distribution. It’s good that you know of things outside of your own report,
but what is an F-distribution? What magnitude is F-distributed? Is it the length of the strings
or…what?
Student 3: No, I think it is …well…when we plucked them…we had an F-distribution of how
much the frequencies deviated from our mean…of the strings…eh…of the strings, that is, the
frequency…the mean frequency of the strings.
Examiner: So you used the double assumptions: the assumption about a normal distribution and
the assumption about an F-distribution, or..?
Student 3: No, we used the assumption about an F-distribution…(silence followed)
Examiner: Okay.

Other students in the group answered the same question as follows:
Examiner:In the statistical part of your report…I want to talk a bit about the prerequisites for
your calculations…What assumptions do you make, or what assumptions are your calculations
based on?
Student 4: Well we assume that it has a normal distribution. We do not prove that actually. We
just make a check.
Examiner: I see. It has a normal distribution?
Student 4: Well the population has a normal distribution. That which we make our tests on has
a normal distribution.
Examiner: Well, population of what? The word refers to something. Population is also a general
word which refers to something. What has a normal distribution?
Student 4: The frequencies.
Examiner: Yes. The observations that is, plainly speaking.
Student 4: Yes.(The examiner elaborated on this question a bit further and then turned to
the other student in the pair)
Examiner: You have used an F-distribution as well, and I would like to pose a short question about
that. How does the F-distribution fit into your work? Is it also an assumption, like the normal
distribution for the observations, or..?
Student 5: It’s the ratio between…
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Examiner: Yes…mmm…
Student 5: …σ 2 and σ 2.
Examiner: Mmm. And that is, of course, under certain preconditions. You say that this ratio is F-
distributed.
Student 5: Is it approximately F-distributed or…?
Examiner: It isn’t an assumption then? Is it a proposition or what?
Student 5: Well, I can imagine that it is approximately F-distributed.
Examiner: Yes. And if it is approximately F-distributed…in mathematics we usually formulate our
statements in terms of if-then.
Student 5: Yes, that’s true.
Examiner: And when you say that it is in this way, we have a then. So we need an if as well.
Student 5: (makes a little laugh)
Examiner: And what could that if be?
Student 5: Except the assumption we have already made, then?
Examiner: Well, do you need any except those?
Student 5: (makes a 2 second pause)
Examiner: You mean that you need the assumptions already made then? That is, the normal
distribution for the observations?
Student 5: Yes.
Examiner: Yes.
Student 5: But the question is whether they do not need to have the same standard deviation
as well, maybe.
Examiner: Yes. That’s a thought. But then again, if we have the same type of measurements…but
it is a good thought.
Student 5: But our observations do not seem to have that.
Examiner: No.
Student 5: But that is, of course, another matter.
Examiner: Precisely. A good comment. A very good remark.

__________________________________________________________________

Comments to the Individual, Oral Examinations
During the oral examinations the students use a lot of vague expressions. All
of the students in group B, not only the three cited above, and not only the
students in group B, answered the questions about the distributions used in
much the same way: We assume that it (or this) has a normal distribution. In
each of these cases the examiner asked the students what ‘it’ referred to. In
asking for such clarifications it became quite clear which students knew the
meaning of the calculations made in the report and which did not. What also
became clear was that the questions had not been brought up in the group
discussions since all of the students needed a lot of help from the examiner
to reflect upon the matters.

In everyday talk we often use vague language since it serves the purpose of
minimising differences in opinion. A conversation may run smoothly even
if the communicating parties are not in complete agreement on the defini-
tion of the words used. The use of language in informal settings differs a lot
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from the use of language in formal or institutionalised settings (e.g.
Bernstein, 1973). Language usage is inextricably entangled with social
activities (see e.g. Rommetveit, 1990; Levinson, 1992; Coates, 1993) which
means that the students’ ways of phrasing their answers can tell a lot about
their understanding of how natural scientists approach the matters discussed.
The student may, for instance, have a limited understanding of the importance
of specifying referents or populations in a statistics discourse.

An alternative interpretation of their vagueness would be that they are trying
to guard themselves from making mistakes. The more specific their answers
are the more likely it is that they reveal their misunderstandings. An oral
examination is also a social activity, and an activity of a very special and
asymmetrical kind, where one of the communicating parties has the
responsibility of judging whether the students’ ways of knowing the subject
are in accordance with culturally accepted norms. Vagueness in language can
be interpreted as a strategy to counteract such an asymmetry in roles. Maybe
the examiner will prove to be lenient and presuppose a shared understan-
ding. However, since all of the students found it more or less hard to produce
an answer even when the questions were elaborated by the examiner, the first
interpretation seems the more likely.

In the study groups the students are among friends, all of whom work on the
same project. In such a setting things can easily be taken for granted:
referents can be excluded since others will probably know what terms refer
to, or at least such an attitude could easily develop within a group. Asking
people to make their utterances precise can even be viewed as disruptive in
such a setting. Why bother about details?

Yes, why bother? What is the meaning of the meticulous search for referents
displayed by the statistician, and what purposes does it fill in the conversation
with the students?

Merits and Limitations of Teacher-Student Interaction
First of all, careful questioning helps the examiners to inform themselves
about the quality of the student’s understanding of the concepts used in the
report. Student three, for instance, did not seem to know that a normal
distribution and an F-distribution have different roles within the statistical
model used: the assumption about a normal distribution is a model
assumption which can never be proved or disproved; it can only be viewed
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as more or less reasonable. The statement that the ratio between the two
variances is F-distributed, on the other hand, is not a new assumption but
follows logically from the assumption about the normal distribution. In the
two last sentences of the communication between the examiner and student
3 above, it becomes very clear that the student does not know that.

Secondly, but no less importantly, it helps the teacher to communicate to the
students the nature of statistical reasoning. Rigour and clarity are, of course,
essential aspects of scientific reasoning in general, but maybe clarity in the
use of referents is particularly important within a subject such as statistics.
The statistician pointed to the differences between ‘pure’ and ‘impure’
mathematics in the dialogue about the differences between the examiner’s
evaluations of the group reports. A pure mathematician deals solely with the
abstract world, statistics, on the other hand, is an applied science; to
understand the differences between models and empirical facts is important
to a statistician, maybe even more important than it is to a physicist, for
example, since the empirical reality to which the models are applied may
differ substantially from one situation to the other. In statistics you can never
take for granted what words and expression refer to since the referents may
vary from one investigation to the next.

If these are the reasons for the careful questioning above, these reasons are
not communicated to the students in a direct way, with one exception: In the
conversation between the statistics examiner and student 5, the examiner
points out that in mathematics ”we usually formulate our sentences in terms of
if-then”, an utterance which directs the student’s attention towards the use
of hypothetical reasoning within the subject. More often, however, the
essentials of the reasoning within the subjects are communicated in a more
indirect way, for instance, the importance of keeping apart model assumptions
and statements about empirical findings (as in the utterance: ”It isn’t an
assumption then? It is a proposition or what?). The message may, however,
reach the students even if communicated indirectly, at least those students
who are aware of the fact that the discursive rules may vary between subjects
and between different social settings, that is, students who are acquainted
with the fact that the ways of attending to the world are heavily dependant
on what questions are asked, what kind of knowledge is sought, and what
forms of evidence are accepted.
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Concluding Remarks
The results from the study reveal that it is not only possible for the teachers
to guide the students in their learning of the various subjects involved in
interdisciplinary co-operation, but that such forms of work offer a range of
possibilities for students and teachers to reflect upon their own frames of
reference, which are often taken for granted in a single-subject setting. We
found, however, that the students do not always take up these offerings. This
is not necessarily because they are reluctant or unwilling to do so, but because
not all of them can find ways of making use of the messages communicated
on a meta-level of conversation, that is, the level of discourse where the
conversational rules are established, rules that work by convention and that
constitute a common world of shared norms which make the social activities
within a particular setting meaningful to the communicating parties. Since
not all of the students are aware of these conventions, or even aware of the
fact that there are conventions to be observed, they may have problems
interpreting the activities of their teachers. This means that even if it is
possible to create favourable learning conditions, the students’ previous
experiences may mean that these conditions are not fully utilised. This is a
limitation worth heeding in the evaluation of the outcomes of the
Government’s initiative.

In the four chapters within this part of the study we have described in depth
how students carry out tasks in co-operation with their peers. The descriptions
were offered as a basis for dialogues focusing on the merits and limitations
of the collaborative forms of work as means for enhancing the quality of
student learning. The students’ appreciation of what is worth knowing, what
counts as knowing and what characterises knowing in an academic setting
is inextricably linked to the norms manifest within the social setting in which
learning takes place, and, hence, critical reflection upon this setting is a
necessary prerequisite for successful learning and teaching. A critical stance
towards the social norms that form the foundation of the existing pedagogical
praxis is also intimately linked to the notion of developmental work as a way
to improve the quality of university teaching. Interdisciplinary work seems
to call for such critical reflection.

Many questions have been raised in the dialogues and many suggestions for
change have been brought up. In the next part of this report we will
summarise the results of this study and bring them together in a discussion
of the outcomes and of their meaning in a gender-inclusive context.
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4: Evaluation
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An Inclusive View of the Outcomes

The aim of this evaluation has been to open a dialogue on a Swedish
government initiative directed towards the development of inclusive degree
programmes at the tertiary level of education – programmes designed to
increase female participation in areas of inquiry dominated by men and to
enhance the quality of teaching within higher education by implementing
new teaching methods believed to appeal to these new groups of students.

The evaluation has focused on the two goals expressed by the initiators: the
recruitment goal and the pedagogical goal of improving university teaching
to meet the demands of students who are not for reasons of sex, class or
previous training familiar with a scientific or technological mode of thinking
and reasoning. Two questions were formulated in the introduction to this
study:
• Have the projects been successful in their recruitment of new groups

of students to the programmes, female students in particular?
• What characterises the teaching methods implemented within the

programmes and in what respect can they be said to fill the students’
needs in terms of developing their understanding of the subjects
taught?

In this concluding part of the report we will try to answer these questions on
the basis of the results presented in the previous chapters, and to discuss their
meaning in an inclusive context.

The Recruitment of New Groups of Students
As pointed out earlier in this study, one limitation to this evaluation is that
it only covers the first two years of the development projects and hence we
can only provide a picture of trends. In order to gain a more conclusive view
of the impact of the initiative we would need to conduct further studies
which include the long-term effects of the recruitment efforts.

Below the recruitment trends are summarised in short sentences in order to
make it easier for the reader to get a clear view of the outcomes. Please note
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that these sentences do not state facts that can be accepted at face value, but
introduce topics which will be commented on and modified in the discussion
about the results.

A Short Summary of the Recruitment Results
From part one of this evaluation we learnt that:
• The recruitment results vary among the programmes, from 56% to

15% female entrants
• These percentages increase in all of the programmes during the second

year, considerably in some of them
• New programmes tend to attract more female students than degree

programmes which are developments of more established programmes
• Female students tend to leave the programmes to a greater extent than

male students do
• Students who do not have a natural science background tend to leave

the programmes to a greater extent than other students do
• Female students are over-represented among students who do not have

a natural science background
• Students who do not have a natural science background have lower

grade point averages than other students have. They also perform less
well on course examinations, but no definite conclusions can be drawn
as to whether this is due solely to their lower grade point averages.

These are the main results, but what conclusions can be drawn from them
and how can they be accounted for in a gender inclusive perspective?

Delights and Distresses
First of all we can conclude that the projects, on the whole, have succeeded
in their ambitions to recruit students from non-traditional student groups.
If we exclude the computer science programmes at Chalmers and Karlstad
University which score slightly under average in their recruitment of female
students in comparison to the mean percentages available in the national
statistics, all of the other programs score well above average. In 1996 five of
the seven programmes had reached the desired goal of recruiting at least 30%
female students to studies in mathematics, science and technology, subject
areas traditionally dominated by men.

From a gender perspective these are promising results. One draw-back is, of
course, that the computer science programmes remain problematic in terms
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of female recruitment. As mentioned in the second part of this report we
cannot provide any explanations of this other than the observation that these
programmes do have a history. People may have formed views not only about
computer engineering programmes as dominated by men but of men with
hacker-tendencies and with extensive experience in handling computers. As
we could see from the case study carried out at Chalmers, one of the students
was able to give a fairly accurate description of an ideal-type Chalmers’
student after just a few months on the programme, which tells us that ready-
made opinions exist in society and may, even if inaccurate, influence the
career choices made by the prospective applicants.

We also pointed out that the revisions of the programme policies within the
computer science area may be rewarding in the long-term perspective. The
teachers recognised the views of the ideal-type engineering student as
founded on learning strategies functional in an educational environment
characterised by a heavy reliance on the continuous testing of the students’
successful reproduction of knowledge and skills. However, the programmes
are not only the objects of the formation of such attitudes: they are actors on
a social scene where these attitudes are formed and, hence, may change as a
result of changes within the educational system. This means that the revised
programmes may contribute to the formation of future attitudes towards
computer science and engineering programmes, changes which in the long
run may effect their recruitment profiles.

What Characterises Teaching Within the
Programmes
What can explain the rise in the female interest in science-related studies
observed within the other five programmes? What characterises the program-
mes within the initiative?

Making Room for New Groups of Students
First of all they are new programmes not yet occupied by any group which
may call themselves an in-group. Thus they are less likely to be burdened by
preconceived notions about what kind of student you must be in order to fit
in. This may, in itself, function as an invitation to university applicants who
have not before found their places within traditional science courses. Ideal-
type notions may, however, develop in the future, and as some of the students
expressed in the interviews described in part three of this study, such ideas
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seem to be developing, for instance the notion that you need to have the will
to co-operate in order to gain fully from your studies: ”If you do not know how
to work in a group, or lack the ability to learn, you shouldn’t be here.” Either male
or female, the students who attend these new programmes need to be self-
directed in their studies ”or at least strive in that direction”.

Co-operative Work Forms
We have not been able to find any data to substantiate the notion that female
students in general prefer co-operative forms of work. Some of the female
students who were interviewed actually denied that they had preferences for
group work. We will return to this issue later, but whether this assumption
is true or not, the implementation of the alternative work forms, i.e.
alternative to the traditional lectures and exercises, signal to prospective
students that teaching matters within the programmes. The teachers have
at least asked themselves how teaching should be organised in order to
promote student learning; they have expressed their concern by re-thinking
their ways of teaching, which in itself may function as an invitation to those
students who are sensitive to the learning environment. If you have already
made up your mind about your career choice such things may not matter
much. You will know that you want to study mathematics or physics or
computer science no matter what. But if you have doubts about your choice
of subject area, or harbour beliefs that you will not be able to make it unless
you are cared for, such considerations may be of vital importance.

Problem-Solving Approaches to Learning
The problem-solving approach is another characteristic of the programmes
within the initiative. Such approaches were more or less prerequisites for
receiving funds from the Council. Below we will elaborate on this aspect of
the programmes, but in this context it is sufficient to say that the students
seem to link problem-solving approaches to certain conceptions of learning
– as quests for a more thorough understanding of the course content.
Judging from the interviews and from the essays which were part of the
admission procedure within some of the programmes, the students carry
hopes that learning within these new programmes will be something other
than a mere reproduction of knowledge and skills, and when they express
their dissatisfactions with the pedagogy, they point out that such qualities of
learning are lacking even within these programmes: the risk of developing
shallow knowledge, the lack of guidance which forces the students to find
out the fundamentals all by themselves, and the fact that the projects may
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not always encourage problem-solving approaches (I thought that they were
supposed to engage us in experimenting, not just reading and summarising what
others already had found out). Even if they are not altogether successful, the
introduction of problem-solving approaches signal to the students that the
teachers are sensitive to a variation in qualities of student learning, in short
that learning matters within the programmes.

Interdisciplinary Co-operation
The interdisciplinary work forms offer new combinations of subjects –
mathematics, physics and statistics as in Stockholm, mathematics, physics
and environmental sciences as in Göteborg, or mathematics, design theory
and marketing as in one of the programmes in Karlstad. This means that the
individual subjects are presented in new contexts, which not only broaden
the view of what the individual subjects can offer, but also influence the very
cultures of these subjects. We will elaborate on this matter below, but for now
it can suffice to say that what the inter-disciplinary approaches tell the
students is that the whole academic setting matters to the programme
organisers, not only the subjects in a limited sense, but also their links to
other fields of interest and to issues relevant to society.

The recruitment procedures are additional factors which contribute to this
broadening of perspectives on natural science studies. As mentioned, three
of the programmes used written essays as part of the admission procedure.
Even if these essays did not, in any direct way, affect the possibilities for single
students to enter the programmes, they may have been important as policy
markers, telling the students that qualifications other than grades were
appreciated within the programmes, merits not traditionally viewed as
relevant to subject areas such as mathematics, physics or technology, for
instance communicative skills. The possibility of using supplementary
recruitment procedures, however, no longer exists. Standardised admission
procedures are now prescribed by the authorities (Prop. 1995/96:184;
National Agency for Higher Education, official letter, registration no. 80-
1793-96). An application from the mathematics and physics departments at
Stockholm University (dated May 5, 1997), with a request for permission to
use written essays on admitting students to the Project Programme was
denied by the National Agency for Higher Education. From an inclusive
perspective this does not seem to be a very wise decision.
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Broadening the Views of Education
There are other characteristics to be mentioned. The study-rooms, for
instance, equipped with computers and other facilities are resources rarely
offered to undergraduate students enrolled in traditional programmes or
single subject courses. In some of the programmes within the initiative, the
students are, in a literal sense, offered room within the academic cultures.
The message sent to these students is that the social environment matters.
Studying is not just a matter of attending lectures or passing exams, of
gaining something from the programmes but also a matter of contributing
something to the intellectual milieu. One of the mathematicians who took
part in this study had a word for this interchange of ideas – the ‘knowledge
osmosis’ – a conception which calls attention to the day-to day exchange of
views which takes place in an academic environment, and which is essential
not only to the fully initiated members, but also to those who are new-
comers.

Promises and Actualities
Much is promised within the programmes, and all these promises may lead
to high expectations among the students. If we view the drop-out rates from
this perspective it is not hard to understand why some of the students left the
programmes. These students also seem to belong to a group to which it
matters a great deal whether their expectations are met or not – students who
do not have a natural science background, which means that they do not
belong to the traditional in-group of students in mathematics, science or
technology. Many of them belong, in addition, to another minority group
– they are female students. Some of them may, of course, have misread the
promises. One of the interviewed students expressed the opinion that some
of the drop-outs believed that the new ways of working would make studying
less demanding in terms of time and effort, and that this explained why these
students left the programmes. It does not seem likely, however, that all of the
58 students who dropped out during the first two years, of which 24
belonged to category D, and 26 were female students, held such beliefs. As
suggested in part two of this study, we may be confronted with a vulnerable
group of students and below we will elaborate a bit further on some aspects
of their presumed vulnerability.

There may, however, also be other vulnerable students who were not
identified statistically but pointed out by one of the teachers at Chalmers:
students who are used to reproducing knowledge handed over by authorities,



112

who have been successful with their strategies in upper-secondary school,
but who fall short when confronted with demands of a very different kind
in an academic setting. This is another form of vulnerability which seems
difficult to handle in a context where the self-directed learner is the ideal-
type student. Some of these students will, no doubt, be female students, since
many young women take it upon themselves to fill the social demands put
upon them by their teachers (cf. Wistedt, 1987). Finding ways of bridging
the gap between the learning culture in upper-secondary school and the
cultures of these new programmes seems therefore to be an important
responsibility for the programme organisers.

The New Forms of Work as Strategies for Raising
the Quality of Student Learning
When reflecting on the pedagogy implemented within the programmes, it
is tempting to focus on the forms of the changes made. When innovations
are introduced, they tend to attract attentions, and these forms of work are,
no doubt, new not only to the students on the programmes but to their
teachers as well. On trying out new ways of organising teaching and learning,
you may find yourself occupied by figuring out answers to the question of
how to implement these new ways of carrying out your work, rather than
reflecting upon them as means to alternative ends.

Activities such as collaboration, problem solving or inter-disciplinary work
are not meaningful in themselves. They must be evaluated in the contexts of
certain goals. However, if you are moving away from traditional teaching
methods, you may easily come to view certain activities as meaningful only
in relation to traditional aims: training, meticulous calculation, substantial
practice in solving standardised problems, for instance, may be linked to the
goals of promoting rote learning and hence as activities to leave behind as you
move on towards more student-centred teaching styles. In such a situation
it is easy to over-emphasise the importance of “understanding the ideas” while
“making light of the mechanical side of learning” as one of the teachers at
Chalmers put it, only to find out later that both aspects of knowing are
essential to an advanced understanding of the subject matter.

However, what is offered within the programmes are not certain forms of
organising the work, but new ways of approaching, for instance, standard
tasks. New goals are formulated which motivate the changes in work forms:
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the goals of promoting enquiring attitudes towards the subjects studied and
broadening the views of these subjects to include their relations to other
fields of interest and to matters relevant to the society.

To implement new goals is far more difficult than to implement new
teaching routines, and far more challenging. Many of the students, teachers
and commentators who have contributed to this study were well aware of
this. Below we will contribute to their on-going dialogue about the programme
policies by approaching the new forms of working from a perspective which
focuses on them as means to the end of aiding the students in developing
creative, problem-solving approaches to learning, not least those students
whose previous training, background knowledge, and attitudes towards
studying may differ from the knowledge and attitudes formerly expected of
entrants to science or technology programmes.

The Collaborative Forms of Work

The Diverse Functions of the Work Groups
Collaboration serves many purposes within the programmes. As one of the
teachers at Chalmers pointed out, the study groups are resources which may
be used for the aims of gaining insight into problems, exchanging ideas,
gathering information, sharing work, and a range of other purposes. From
the interviews with the student we also learnt that the study groups serve
social purposes: newcomers to the programmes find friends among the
group members with whom they can discuss matters other than the course
content.

A conception which joins together all the diverse functions of the study
groups, some of them listed above, is the conception of learning as a process
of gaining knowledge by interacting with the content in dynamic ways
which include exchanges with teachers and peers. Modes of teaching
establish the environment, the situations, and the tasks. The students are
supposed to approach these situations in a creative, problem solving way by
trying out interpretations and posing questions, and some of the situations
we have studied clearly have qualities of that kind. The students enquire into
the specifics of the content, they discuss, debate, and negotiate the meaning
of concepts brought to the fore by their assignments, as in for instance the
examples provided in the chapter about the students understanding of
mathematical induction. These examples give accounts of situations where
the students make use of the work forms, not least the female students who,
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as one of the teachers at Chalmers said, “take up a lot of space” in the group
discussions.

Conflicting Aims
The functions of the groups to facilitate student learning may, however,
come into conflict with their social functions. As some of the female students
who were interviewed said, group members may be led astray by the other
members’ needs to socialise: “there is always someone who starts talking about
other matters”. If you are socially skilled and have the ambition to adapt to
the needs of the other group members this conflict of interests can become
problematic. One of the female students said that she had problems
concentrating on the assignments since she could not find the time to think
for herself while being among others, and another female student said that
she found the distractions irritating since she wanted to concentrate on her
studies: ”I’m 27 years old and I am in a bit of a hurry”. Students who are socially
sensitive may also take on a great deal of responsibility for the organising of
the group work, as reported by some of the teachers at Chalmers,
responsibilities which may be harmful to their studies. From a gender
perspective these dimensions of the collaborative work forms are worth
reflecting on, especially if we ascribe to the female students a tendency to be
socially perceptive.

Defining Common Aims
Research shows that there is an upper limit to the size of a well-functioning
work group (e.g. Granér, 1991, pp. 83). A group of more than eight to ten
people may have problems organising their work. The groups described in
this report vary from three to eight students, and the larger groups clearly had
greater problems in activating all members and in finding a common
direction for their work in a problem-solving context. Research also shows
that large groups often spontaneously split up in smaller groups (ibid.), a
process which could be observed in some of the groups at Chalmers.

Furthermore, if the responsibilities for carrying out the assignments are
shared among many students, the demands on an individual student become
less clear and distinct. Viewed from the perspective of a more inclusive
education this is a crucial aspect of the collaborative forms of work. Students
who do not have a background in the natural sciences may find it difficult,
at least in the beginning of their studies, to contribute to the group
discussions. If they have doubts about their own capabilities they may rely
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on others to carry out the work. In a large group there is a broad spectrum
of social roles to play, and there will be ample opportunity for students who
are less sure of themselves to take on relatively passive roles in relation to the
topics discussed. In such cases these collaborative forms of work may
obstruct rather than enable progress toward the goal of promoting student
learning. Students who just “talk and talk” with no intention to “probe deeply
into the matters”, as was noted by one of the examiners in the previous
chapter, have obviously not found ways to further their understanding of the
content by exchanging ideas with their peers and tutors.

Limitations to Group Work
The results of our study show that the approaches to learning adopted by the
students may be limited by their conceptions of what counts as knowing in
an educational setting, their learning strategies in the very broadest sense.
Some approaches to learning carry attributes which make it hard for some
students to take advantage of what is offered within a study group: These
include the focus on the outcomes of learning rather than on the process of
gaining insight, the individualistic, competitive mode of acquiring knowledge,
and the reliance on authorities, in fact, they may undermine the very idea of
learning as a joint constitution of insights.

This fact was clearly expressed by the groups at Chalmers who solved the
examination task. Many of the students adopted a reproductive approach to
the situation, that is, their intentions were to find the right answer to the
question posed in the text rather than trying out suggested solutions to the
problem. Thus, they put their trust in those of the group members who were
believed to know how the task should be solved (Because in our group we
usually let those who really know something explain to those who don’t),
sometimes reluctantly since these students had difficulties making themselves
clear to the others. As the teachers who commented on the narratives noted,
there was no real dialogue in the groups, the students were focused on the
results rather than on the process of interpreting and solving the task, and
hence, they did not take the time to toss and turn the questions or the
examples offered by the group members.

The only way for these students to benefit from the co-operative forms of
work would be to change their views of learning, and the only way for the
teachers to communicate such changes in views would be to engage in a
supervision process involving the articulation of the alternative learning



116

goals. In one of the case studies we gave accounts of such an interactive
process in which the cognitive practices of the subject cultures were directly
or indirectly communicated to the students. In the examination study we
described how the teachers searched for ways of learning about the students’
misunderstandings, and how they intervened to change them by directing
the students’ attention towards relevant aspects of the subjects. Note that
these interventions did not merely focus on the outcomes of learning but
rather on the ways in which the students approached the subject matter.

In terms of a more inclusive education such interventions are of major
importance. Cognitive practices, such as common sense, religion, social
science, or natural science, all construe the empirical realm differently: they
identify and emphasise different aspects of reality, and they ascribe meaning
to phenomena and events in different ways. Students who have little
experience of the habits of thought employed in a natural science context
may need guidance in order to formulate their experiences in a culturally
relevant way. To acknowledge this need is to take the inclusive policy
seriously.

The Problem Solving Approaches to Learning
The problem-solving approaches: the open-ended tasks, the projects, and
the ‘vignettes’, do not in themselves facilitate learning. Assignments, whatever
form they take, have to be interpreted by the learners, and, as was pointed
out earlier in this study, the intended interpretations, even if obvious to an
informed reader, may be far from obvious to the students. One of the
commentators at Chalmers noted that the task of finding the fault in a proof
required an acquaintance with the mathematical culture: “For a professional
mathematician it is quite clear what the text means” but for the students, with
their limited understanding of what constitutes proofs in a mathematical
context, it was very hard to “know exactly where to look for the fault in this
proof”.

The same difficulties in interpreting the task were found in the case study
where students in Göteborg and Stockholm discussed the problem of
mathematical induction. They could not relate their method of proof to a
geometrical context, not even when given opportunities to interact with
other students, since they all shared the same notion of inductive proofs as
algebraic in nature. In other words, they needed help in order to define the
problem in a mathematically relevant way.
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Defining Problems
In traditional teaching the task of helping the students to define problems
is often met by presenting standard tasks defined in terms of procedures or
algorithms used to carry them out. This means that the students are never
confronted with the problem of delimiting ambiguous situations. It also
means that the creative and heuristic aspects of the subjects remain hidden
from the students. Within the programmes linked to the initiative, however,
such aspects are brought into focus.

Putting an emphasis on the students’ problem-solving capabilities facilitates
questions which are rarely asked in traditional teaching: questions about the
nature of the subject knowledge, meta-theoretical questions which, when
asked, illuminate a range of theoretical presuppositions informing the
cognitive practices of the academic cultures— What is a proof? What is a
variable? What is the character of hypothetical reasoning? – and similar
questions raised by the commentators within the in-depth studies.

Addressing Meta-Theoretical Issues
The results of this evaluation indicate that the teachers have paved the way
for such meta-theoretical questions by encouraging the students to enquire
into the fundamentals of the subjects, but they have not, as yet, fully
investigated the consequences of these new approaches to learning. The
teachers have re-defined their views of learning, and they seem aware of the
fact that the students must engage in a long, sometimes frustrating and
chaotic process of constructing and developing their understanding. In all
their diverse expressions, the comments on the case-studies show that the
commentators know that teaching involves making learning possible and
that this implies an awareness of the differences in the students’ ways of
approaching the subject matter. Their comments can also be viewed as
expressions of a gender perspective, that is, a perspective which acknowled-
ges such differences in the students’ experiences and backgrounds and
appreciates them as crucial to the learning process.

Making Use of the Problem Solving Approach
The students may, however, find it difficult to adopt a heuristic approach to
their tasks. We have already mentioned their views of learning as an
impediment to interpreting and negotiating the meaning of the assignments.
But there are other obstacles too. The students compare their knowledge to
the knowledge of students who attend traditional programmes: How do they
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stand in comparison? Will they be as able to compete for the future jobs, and
will they be as capable of meeting the demands put upon them at higher
levels of education? Is it as rewarding, in terms of learning, to carry out a
project as it is to attend regular courses? Such uncertainties seem to push the
students into thinking about learning in quantitative terms: Had they
attended regular courses they would have learnt more. Cramming and
reproducing formulas makes it easier to evaluate what is learnt, at least in
terms of pages or assignments covered, than does reflecting upon the subject
matter in discussions with others.

Another obstacle which militates against the problem-solving approach to
learning is the difficulty of coping with conflicting aims. During the course
of their work the students come across questions of which they would like
to further their understanding. However, in order to carry out their projects
efficiently they may have to leave these questions unexplored. In the
interviews a student pointed out that such dissonant aims may lead to a
development of shallow knowledge, that is, a lack of “understanding of the
context of the concepts”. In the previous chapter we described this problem as
a problem of combining the responsibilities of learning and the responsibilities
of completing a project in an efficient way, or, in other terms, to combine
content-related problems and procedural problems (Halldén, 1982, 1988;
Wistedt, 1987). The latter refers to interpretations of the task which are not
related to theoretical or methodological issues, but rather concern the forms
for coping with such issues, that is, practical problems of interest only in the
context of the local task; the former refers to interpretations of the task
actualised by the theories and descriptions brought to the fore, that is,
problems of a general interest which reach “beyond the local task”, as one of
the commentators put it.

Restricting the enquires to matters immediately relevant to a local situation
may affect the possibility of reflecting upon the theories. Research has shown
that if procedural problems dominate the students’ enquires this may in fact,
as the student above feared, lead to shallow knowledge (ibid., cf. Bergqvist,
1990; Bergqvist & Säljö, 1994), that is, to a surface-level processing of the
task content (Marton & Säljö, 1976a, 1976b).

In some of the programmes this problem is dealt with by opting for the
learning aspect. In Problem-Based Learning the students do not engage in
projects. Their task is to learn and to utilise the means available to reach this
end. In the programme for Scientific Problem Solving, as in some of the



119

other programmes, the problem is handled by changing the roles of the
subjects studied. The project described in the previous chapter had its main
focus on physics and within this area the students were offered the possibility
of addressing theoretical issues. In other projects other subjects may play
similar roles, which means that theoretical issues relevant to mathematics, or
statistics will not remain unexplored.

Another solution to the problem, often suggested in the discussions about
the recruitment of female students to mathematics and natural sciences is to
stress the goal of carrying out a project, with the argument that applied
perspectives on the subjects will be more appealing to female students since
women are more inclined to accept knowledge put into practical use. Such
a solution may have its merits: The students will learn how to organise their
work, how to resolve conflicts in a work group, how to gather information,
how to communicate results in oral and written forms, and a range of other
matters which may be viewed as relevant within programmes that stress such
competence. If practical goals are allowed to dominate, however, this could
mean depriving the students of the opportunity to engage in theoretical
enquiry, which clearly would be doing them a disservice (cf. Hanna, 1994,
Wistedt, et al, 1997).

Our results show that the problem-solving approaches require an awareness
of the overall aims of introducing more open-ended tasks to the students.
The teachers must find ways to balance the know-how or design-oriented
approaches to problem solving, and the know-why or theoretical orientations
(Kjersdam & Enemark, 1994). The results from this evaluation tell us that
such a balance has not yet been reached in some of the programmes.

The Inter-Disciplinary Approaches to Learning
The work forms also aim at developing a broad understanding of the subjects
by integrating different subject perspectives and by helping the students
discriminate among complex patterns of interpretation.

When the students are assigned tasks which concern more than one subject
area they are confronted with questions of how to approach these tasks.
What aspects should they pay attentions to, and what questions should they
pursue? As mentioned above, academic disciplines may be regarded as
cognitive practices replete with theoretically constituted rules and conventions.
Since these rules often operate on a tacit level they may be hard to unravel,
not only for those who are seeking entrance into the cultures but also for
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those who are fully socialised into them, and for whom the theoretical
perspectives constitute a ‘natural attitude’:
”…an attitude of ‘suspended doubt’ with respect to a wide range of issues
based on the conviction that one understands how the world works”
(Hawkesworth, 1996, p. 91).

Differences in Subject Perspectives
The fundamental questions posed by the commentators on this study, such
as the question “What is a proof”, may be answered quite differently within
the context of mathematics and within the context of computer science.
Perhaps this difference is not manifest in terms of what constitutes a ‘correct
proof ’, but obviously in terms of what constitutes an ‘exemplary proof ’. As
was described in the chapter about the assessment procedure, the norms of
how to communicate knowledge also differ among subjects. Again this
difference does not turn up in terms of logic and sound reasoning, but rather
in terms of preferences for different communicative styles and conventions
(Wistedt, in press).

All these considerations belong to a meta-theoretical realm. Interdisciplinary
co-operation promotes reflection upon this realm and raises issues which are
rarely addressed in a single-subject context. In such a context it may even be
viewed as a bit pretentious to address questions about the foundations of
subject knowledge. These are often left to the great men to reflect upon, to
the ‘founding fathers’ (see e.g. Hadamard, 1954; Hardy, 1969; Penrose,
1990). However, since the meta-level determines the relevance of informa-
tion given in instruction (for instance the axiom of induction as a prerequisite
for understanding inductive proofs, or the necessity of understanding what
a proof is in order to appreciate the merits or faults of a certain proof ), the
students’ notions of these meta-issues have to be challenged if they are to gain
a thorough knowledge of the subject matter (cf. Renström, 1997, p. 11).

Aspects of In-Service Training
Highlighting meta-theoretical issues may also help the teachers to acquire
broader views of their subjects. This means that the projects may have staff-
improvement effects in the sense that they will provide the teachers with the
opportunity to reflect upon their own perspectives since these perspectives
are challenged in the discussions with colleagues from other disciplines. The
case-study presented in the previous chapter showed how differences in
opinions about the criteria used to assess student knowledge invoked
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discussions about the cultural specificity of knowing. The study at Chal-
mers, however, showed that such discussions do not necessarily follow from
interdisciplinary collaboration. If the parties involved find it difficult to
appreciate the merits of alternative ways of viewing a matter of common
interest (e.g. the variation in views on mathematical proofs), that is, if they
have difficulties approaching the variation in perspectives in an inclusive
way, they may try to resolve the discussion by excluding perspectives, with
arguments that, for instance, refer to the power structures prevalent in
Academia.

Such exclusive strategies are, of course, alien to an inclusive policy. When the
participants reach such dead-locks in their discussions they may need help
from a third party to resolve the conflict (e.g. Gergen & Gergen, 1986, p.
303) and to reintroduce a heuristic orientation to the discussion. Such
supervision can be arranged in various ways: In the examinations study, for
instance, the statistician adopted a mediating role by pointing to the
variation in perspectives which generated the differences in opinions.
Pedagogues may also function as such mediators (cf. Renström, 1997). In
short, the teachers, as well as the students, need supervision in order to make
full use of the possibilities inherent in the alternative approaches offered
within the programmes.

An Inclusive Perspective on the Inter-disciplinary Work
What makes a variation in perspectives crucial in an inclusive context? Many
of us share the experience of having learnt in taken-for-granted contexts
where the presuppositions for the reasoning were hidden from us (see
examples in Wistedt, 1994a, 1994b). Students who are self-reliant may
easily overlook such gaps in their prerequisite knowledge. They may feel
comfortable anyway, trusting in the promises that all will eventually become
clear, that it is possible to go on without being fully informed, that it may
not even be possible to gain “a complete view of the issues”. But students who
belong to minority groups, or students who are less familiar with the
cognitive practices of natural science or technology, may feel less confident
if they are left alone “to figure out the fundamentals”. To refer to matters which
‘go without saying’ may effectively exclude students who are unaware of the
cultural norms, even unaware of the fact that such norms exist (Halldén,
1986, 1990; Bergqvist & Säljö, 1994; Wistedt, 1994a, 1994b). Research has
shown that difficulties in discovering and utilising taken-for-granted meta-
communicative tools co-varies with achievement level (Miller & Parlett,
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1974; Säljö & Wyndhamn, 1988, 1990; Säljö, 1991). Students who are
regarded as ‘low achievers’ are often found to have problems deciphering
information of a meta-theoretical kind. Inclusive programmes have to
consider such difficulties. In many ways the programmes described in this
study have the ambition to do so. The co-operative work forms, the problem-
solving approaches and the interdisciplinary practices have one thing in
common – they introduce a variation in perspectives and views which may
help the students to become aware of knowing as a culturally related
phenomena.

Call for a Continued Dialogue
The Government’s initiative has started a process of reflection among the
teachers involved in the development projects on how to change university
teaching to meet with the double challenge of attracting new groups of
students to mathematics, science and technology, and to adapt the ways of
teaching to meet with these students’ demands. In terms of recruitment the
initiative has been successful. In terms of stimulating change in the teaching
practises it has served as an incitement to try out ideas and to reflect upon
educational issues which stretch beyond the projects that received funds.

The initiative comprises five development projects, but the teachers who are
involved in these projects do not teach exclusively within the programmes
linked to the initiative. Many of them teach other students on other courses
as well, and once you have understood and accepted that there are alternative
ways of approaching the task of teaching there is, as one of the commentators
said, no return. This means that the ideas tried out within the development
projects may spread to other programmes and single subject courses as well.

What has been gained from the initiative is therefore the possibility to reflect
upon teaching practices which take into account a diversity of experience
among students of different backgrounds, and a variation in expertise among
teachers from different subject areas. In this study we have provided
overviews and in-depth studies with the aim of opening a dialogue on the
various ways in which the teachers have realised the programme policies and
on the difficulties they have encountered along the way. Their willingness to
communicate their experiences in the midst of the developmental process
may be viewed as an invitation to a continued dialogue on the possibilities
of realising a more inclusive kind of education.
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