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$EVWUDFW  7KH VLWXDWLRQ WRGD\ LV TXLWH GLIIHUHQW IURP
ZKDW ZH KDYH EHHQ XVHG WR 7KH JOREDOL]DWLRQ DQG WKH
DYDLODELOLW\ DQG XVH RI ,QWHUQHW KDYH FKDQJHG RXU YLHZ RI
NQRZOHGJH OHDUQLQJ DQG H[DPLQDWLRQ :H ZLOO KHUH
KRZHYHU XVH D YHU\ ROG NQRZOHGJH PRGHO LQ RXU
SUHVHQWDWLRQ WKDW RI $ULVWRWOH ZLWK KLV WKUHH FRPSRQHQWV
(SLVWHPH7HFKQHDQG)URQHVLV
(SLVWHPH FRYHUV WKH PRVW FRPPRQ YLHZ RI DFDGHPLF
NQRZOHGJH WKH XQGHUVWDQGLQJ WKDW FDQ EH DFKLHYHG E\
UHDGLQJ ERRNV (SLVWHPH LV WKH GHFODUDWLYH NQRZOHGJH WKDW
FDQHDVLO\ EH WUDQVIHUUHG IURP WKH WHDFKHU RU DXWKRU WR WKH
VWXGHQW
7HFKQHFDQEHYLHZHGDVWKHWHFKQLFDOVNLOOVOLNHDELOLW\
WR ULGH D ELNH 7KLV FDSDELOLW\ FDQ EH DFKLHYHG E\ OHDUQLQJ
IURPDPDVWHUDQGLPLWDWHWKHEHKDYLRU7HFKQHKDVDVWURQJ
WUDGLWLRQLQHQJLQHHULQJHGXFDWLRQ/DEH[HUFLVHVDUHDLPLQJ
DWGHYHORSLQJVXFKVNLOOV
(SLVWHPHDQG7HFKQHKDYHEHHQVXIILFLHQWWRFDSWXUHWKH
HVVHQWLDOV RI HQJLQHHULQJ HGXFDWLRQ 7RGD\ KRZHYHU WKH
DELOLW\WRILQGDQVZHUVWRQHZTXHVWLRQVDQGVROXWLRQVWRQHZ
SUREOHPV LV PRUH LPSRUWDQW WKDQ WKH DELOLW\ WR UHPHPEHU
FRQWHQWV IURP WH[WERRNV )URQHVLV LV WKH SROLWLFDO
NQRZOHGJH WKDW LV WKH DELOLW\ WR XQGHUVWDQG DQG LQWHUSUHW
WKHVLWXDWLRQDWKDQGDQGGHFLGHDERXWDSSURSULDWHDFWLRQV
:KDWLVQHZLQRXUWLPHLVWKDWWKHJHQHUDOVLWXDWLRQLVYHU\
GLIIHUHQW IURP ZKDW WKH WHDFKHU KDV H[SHULHQFHG DQG IURP
ZKDWSUHYLRXVJHQHUDWLRQVKDYHPHW
:H DUH FODLPLQJ WKDW )URQHVLV WRGD\ LV WKH PRVW
LPSRUWDQWGLPHQVLRQRINQRZOHGJHDQGLQRXUSDSHUZHZLOO
SUHVHQW KRZ ZH KDYH GHVLJQHG FRPSXWHUSURJUDPPLQJ
FRXUVHV WR WDNH WKLV LQWR DFFRXQW 7UDGLWLRQDO H[DPLQDWLRQ
FDQ FKHFN WKH (SLVWHPH FDSDELOLW\ DQG 7HFKQH FDQ EH
FKHFNHG E\ SUDFWLFDO GHPRQVWUDWLRQ SOD\LQJ WKH SLDQR
EXLOGLQJDQ HOHFWURQLF GHYLFH HWF ([DPLQDWLRQ RI )URQHVLV
QHHGVVSHFLDOFRQVLGHUDWLRQDQGZHDUHWHVWLQJWKH3RUWIROLR
DSSURDFK LQWURGXFHG DW +DUYDUG 8QLYHUVLW\ DQG XVHG
VXFFHVVIXOO\LQPDQ\FRXQWULHV
,QGH[ 7HUPV  )URQHVLV WHDP OHDUQLQJ SURMHFW
RUJDQL]DWLRQSRUWIROLR
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Today it is a rather widely accepted view that the capabilities
required from us, as engineers as well as as citizens, are quite
different from what has been the case in the past. The
globalization means that we must have a better
understanding of international relations and other cultures.
We must be able to be integrated contributors in multi-ethnic
and multi-lingual groups and communities. In industry it is
no longer sufficient to be the best one locally in the city or in
the country. International trade makes it necessary to be
competitive globally.
Fast development makes it necessary to keep in pace
with the new technology. You can’t rely upon models,
methods or tools you learned about when you were a student.
A continuous update is needed all the time. A study of some
typical development projects within Ericsson [1] shows that
even in rather short projects, 8-12 months, the traditional
basic project model: first analysis, then requirement
specification, then design, then implementation, etc., was
completely useless. About one third of the initial
requirements, defined after careful screening, were cancelled
during the project, and about one third of the functions
required and implemented at delivery time were not even
considered when the project started. So, the conclusion from
this is that the development teams must themselves be aware
of and understand what is going on in the environment: new
technology, competitor moves, etc., and react themselves.
There is not time available for a hand-over from those who
understand to those who are doing. The doers must be the
understanders themselves.
In the past it was important to remember facts. We were
taught at school the names of nations, the sizes and names of
their capitals, the major components of their export and
import etc. The idea was that such declarative knowledge
was stable over our lifetime. Today there are two good
reasons to question this model [2]. Firstly, we need not rely
upon our memory for this information as such facts are
almost always available, over the computer networks and
available in our laptops and cellular connected palmtops
everywhere. Secondly, the rate of change is such that this
declarative knowledge, inherited from teachers and parents,
will have a lifetime much shorter than our own. It is a better
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model to get new fresh information when needed, than to
recall old memorized information.
Another development in our time is towards complexity.
The systems to be developed by our engineers in industry are
more and more complex. More functions are integrated into
the same system, and the operational environment is also
becoming increasingly complex. To understand all the
different aspects experience and knowledge from several
persons, experts from several areas, will be needed. The
capability to answer questions and to define problems is
supplied by the collected team in interaction, and not by the
individual team members. From the engineer or expert, a
capability to communicate and to understand totality is
required. Team understanding capability [3] is one of the
major successes factors in the development of complex
technical systems.
The general basic model for our educational system is to
bring to our students the accumulated knowledge and
experience from previous generations. However, when the
major part of relevant knowledge and information is created
during our own lifetime, this basic model fails. Today it is
questionable whether our students are getting the major part
of their knowledge, understanding, and capability from their
time at school in classroom or library, or from their leisure
time when travelling or with friends, computers and videos.
What is needed in our time is an ability to learn and
understand QHZ things, and an ability to define and solve QHZ
problems. The most important question to our educational
system is: How can we best support our students in the
development of such skills?
In our work we have based our thinking to a great deal
upon ideas from ancient Athens, from Aristotle and Socrates.
Aristotle discussed three basic components of knowledge:
HSLVWHPH, WHFKQH, and IURQHVLV[4]. (SLVWHPH, in short, is the
traditional declarative knowledge, what we have been
teaching and examining in our school and university systems.
Lectures, textbooks, oral and written examinations are the
instruments used. 7HFKQH is the practical skill or capability.
In engineering we have our lab exercises or courses. In
physics or chemistry the original tradition has been to have
the student repeat classical experiments and present
observations in a report. In real work life the way to develop
WHFKQH has been by means of the master-apprentice model.
The student, the apprentice, observes the master and tries to
understand the objective as well as to imitate and copy the
behavior. A combination of HSLVWHPH and WHFKQH has in the
past been a successful basic model for engineering
education.
Today, however, the third component, IURQHVLV, will also
be required. )URQHVLV is about understanding and interpreting
the situation at hand. As this situation, normally, will be
different from the previous situations the student can read
about in textbooks or the situations where the student has
observed the master, a new analysis and interpretation of the

present situation will be needed. The capability to
understand and interpret the current situation is just IURQHVLV.
”Political knowledge”, where a broad experience and
understanding is required, and general ”wisdom” are very
helpful. Political knowledge, as discussed by Aristotle [4], is
the ability to interpret the situation and understand what the
effect will be from different actions or interventions.
Wisdom is about understanding good and bad, right and
wrong, and thus by necessity related to values and ethics [5].
As we know from the past how to handle HSLVWHPH and
WHFKQH, but as we have very little experience from focusing
on IURQHVLV in our educational system, our major interest and
the theme for this paper are the investigation of mechanisms
for the promotion and support for the development of
IURQHVLV.
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There is a long tradition in engineering education to combine
theoretical studies and practical lab exercises, and such
combinations have been organized in different ways during
different periods and at different places.
'LIIHUHQW/HDUQLQJ$SSURDFKHV

Design and development projects of substantial size have
been common in engineering programs. At Aalborg
University, Denmark, about 50% of the courses have been
organized as projects and the rest as conventional courses
since the start in the early seventies [6]. The idea has been
that a training environment in these projects similar to the
working environment for the engineers in the future would
be appropriate. A successful project result has been a
requirement for a ”pass”. In general a written project report
from the group has also been required. The overall
experience from this fifty-fifty combination of projects and
regular courses is positive. The project makes the students in
general more motivated and enables a more holistic approach
than you normally have in disciplinary courses
Problem Based Learning, PBL, is another approach to
achieve holistic views and integration over the disciplines.
From education in medicine and health care [7] PBL has also
propagated into engineering programs. In medicine however,
it has mainly been used for motivating the students and to
help them to define their individual learning needs. The real
learning in the next phase has been rather traditional and
based on the assumption that the material to penetrate has
been available, in general as textbooks and journals, in the
library.
We claim that the situation in engineering is different
[8]-[10]. In engineering the development team is all the time
confronted to new problems and new questions. The team
must by itself be able to understand what to do and why in
the new situation and can’t rely upon solutions and answers
under other conditions in the past. What is needed is simply
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the IURQHVLV capability. This does not mean that the
traditional HSLVWHPH and WHFKQH components are irrelevant.
On the contrary! Once the problems are defined, the
problems as such are by no means simpler than the
engineering problems in the past. The difference is that the
definition of the problem is part (often a major part) of the
problem, and also that the definition of the problem is
dynamic. It is very likely to change considerably during the
course of the project.
2XU+\SRWKHVLVDQG&XUULFXOXP'HVLJQ
As we believe that the team learning aspect is very important
we have used the student group as a basic instrument for the
learning. As we want to emphasize the ability to define the
problems and questions and not only to find the solutions
and answers, we have decided to leave to the students to
understand what to do and how to organize the work. The
course we have used in our experiment, now for the third
year, is a 3URJUDPPLQJ3URMHFW course for a group of 60-70
second year engineering students in a four and a half year
electronic design program. The course runs from early
November until mid March. The students have two more
courses in parallel and the size of our course is seven points
(one point equals one week of full time effort). The technical
content of the Programming Project course is computer
networking and object oriented architectures, and we have
also a requirement on graphical user interface with some
animation and some sound involved.
So, in order to introduce the problem definition
component into the course and to build upon team learning,
we have done the following. The whole group of 60-70
students has been given the task to develop a distributed
software system based upon a shared information server, and
client programs. The definition of the set of functions for
each subsystem or client has been left to the students. We
have prescribed that the implementation shall be done in
teams of five to seven students. The first step is to define an
initial version of the overall functionality for the system, and
the second step is to decompose the total system into ten to
eleven subsystems, each to be implemented by one of the
teams. At the end all subsystems should be integrated to one
running distributed system having the functionality and the
performance defined.
The first year the total task was control and simulation of
elevator systems. There were floor clients, inside elevator
clients, operator console, supervisor clients, etc., in addition
to a central data and simulation server. The second year the
task was to implement a simulated public transport system in
a city. There were railway station clients, train clients, traffic
control clients, street clients, etc. in a computer game-like
fashion. During the year 2001 the task was to develop a
simulated hotel with manager clients, reception clients,
casino clients, bar clients, gym clients, gift shop clients,
restaurant clients, lift clients, room clients, a shared

information/event server, and a web interface to the whole
system. The system implemented is made available over
Internet.
The organizational form of the course is an introductory
lecture where the objective and the general philosophy are
presented together with the suggested theme of the year; this
year the simulated hotel. We have formal project meetings
with teacher participation with each group once a week.
Agenda and minutes for the meetings for all groups are made
available via the homepage of the group. Dates for
subsystem tests, integration test, and acceptance test, are
scheduled such that the implementation work and corrections
should be finished one week before the end of the period.
Initially, before the students have been able to develop
any shared understanding of what to do and why, the course
leader may act as a project leader. Very soon, however, the
students will be in control, and the role of the course leader
will become more like a mentor. Sometimes he/she has to
play the role of the customer to give feedback on ideas about
functionality and maybe also about system structure. Our
own view of the task of the course leader is to design and
define the context or the situation the students are put into. If
this design is successful, only minor control and guidance
will be needed during the project.
It is our strong belief that it is important to leave the
responsibility and the control to the students, to let them be
driven mainly by their own curiosity and creativity, and not
just trained to solve predefined well-structured problems.
Until now the requirement for ”pass” has been defined
as ”each student shall by himself or herself have the
understanding and skills required for the implementation of a
similar system”, and the instruction to the student is to
”convince the examiner that the requirement is met”. There
are two hours available for examination for each group of six
students, and first the students are presenting what they have
done, how they have done it, and why they have taken the
design decisions they have. This may take 45 minutes, and
sometimes the examiner will be convinced after this; we
have a rather good view from our weekly project meetings of
what each student has done and learned. When we in some
cases are not convinced after 45 minutes that every student in
the group has sufficient understanding, we have 75 more
minutes available for discussion with the remaining students.
([SHULHQFHDQGFRQFOXVLRQV
Our general experience from the course is that most of the
students are much more involved and ambitious than is
normally the case in a conventional course. Most of them
learn much more and spend much more time on the course
than we could possibly require. From the teacher side we are
quite convinced that we are promoting the development of
the IURQHVLV capability, the ability to understand the current
situation and the ability to act and reflect upon the actions.
From inquiries we have some feedback from the students,
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but the interpretation of the response is not straightforward.
About one third are satisfied saying things like ”the first time
we really learned something”. However, about the same
number are critical: ”it must be the responsibility of the
teachers to plan and organize the course and to supply us
with the course material to study”.
It is our belief that the experience is valuable and
relevant also for the critical students, but we must confess it
is just a belief. We have a hypothesis that the portfolio
concept, presented in the next section, in the future will help
us also with the critical students.

7+(3257)2/,2&21&(37
The IURQHVLV capability to understand the current situation
and decide about appropriate actions is not very different
from some concepts of our time. In HJ ”action learning”,
”reflective learning”, and ”authentic learning” there is often
a component of understanding the context and the effect of
different actions. The portfolio concept, originally used in
arts for a collection of previous work, has evolved to a more
general instrument for the assessment of progress in different
areas. If goal-setting and progress reports in general are
included in the collection in the portfolio, you have
something that can be used also to capture the IURQHVLV
improvements.
After the portfolio was introduced as an assessment
instrument by the Harvard Project Zero [10] in the sixties,
the concept has been widely used in primary and secondary
schools in many countries. In our case we have by pure
coincidence been able to combine experience from computer
science education at the university level and findings from
student assessment and staff development in primary and
secondary schools in Sweden.
$WRROIRUDXWKHQWLFDVVHVVPHQW

As described in the previous section, the society of today
has the need for new thinking and new abilities, and teaching
and learning have to be more flexible. The learning process
tends to become more and more adapted to the individual
student and to take place not only at school, but all the day
round at different places. One of the major tasks for the
educational system will be to help the students to deal with
this new situation and to give each student tools to work with
his/her learning and development.
As teachers we have had much experience of how
difficult it is to motivate students to give that little extra
effort and to see the idea of making any effort at all. Very
often we have wondered what happened with the curious
happy children when they grew up, and were transformed
into tired, uninspired teenagers. When we started working
with the portfolio, we found that this tool enables us to help
the students observe their own learning and support them in
their own goal-setting. That work revives their curiosity and
willingness to learn. It also gave us as teachers a lot of
information useful when supporting their learning.
The purpose, as described above, with the use of the
portfolio is:
1. to make learning and development visible,
2. to make clear what needs and goals the student has
with his/her work
3. to make the student responsible for his/her learning,
and
4. to make the students and the teachers conscious of
what support is needed. [12]
A problem to deal with, as described in the model for
group learning above, is how to make visible to the teacher
that learning has taken place [13]. This has frustrated
professional educators as well as others during the last half
of the 20th century, and has resulted in using standardized
testing more and more. This dependence on exam results has
led to tests driving classroom instruction within the school.
The goal becomes excelling on the test. Individual student
learning rests on how well he or she performs on a test,
rather than how much the student really knows and how the
student might demonstrate the school content in the most
authentic manner.
Traditional assessment practices lack sensitivity to the
individual progress that educators expect from students and
do not promote encouragement of lifelong skill acquisition.
Furthermore, much of the testing prevents students from
thoughtful reflection and evaluation of their own work.
We claim that in our time we must support the
development of the IURQHVLV capability, the wisdom itself.
This support must influence the teaching methods as well as
the approach to assessment. We need new assessment tools
that also support the self-assessment by the student. In this
repertoire you can see logs, records, observational notes,
checklists, interviews, performance assessment and much
more, all incorporated in a SRUWIROLRWhen you start to build

Learning is a development over time, starting with the goal
setting. The development itself consists of activities,
experiences, analysis, products, and assessments. Together
with the teacher the student decides whether he or she has
reached the goal as planned. By means of a portfolio, you
can document important steps in your learning and make the
progress visible. The portfolio will encourage reflection over
the process and thus enhance learning. Our view of learning
and understanding is based upon the interaction between
action and reflection, and that real learning will result in a
change of behavior.
Vavrus [11] defined portfolios as ”D V\VWHPDWLF DQG
RUJDQL]HG FROOHFWLRQ RI HYLGHQFH XVHG E\ WKH WHDFKHU DQG
VWXGHQWWRPRQLWRUJURZWKRIWKHVWXGHQWVNQRZOHGJHVNLOOV
DQG DWWLWXGH 7KH SRUWIROLR FDQ SURYLGH DQ DXWKHQWLF DQG
PHDQLQJIXOGRFXPHQWDWLRQRIDVWXGHQWVDELOLWLHVSURYLGHG
LW FRQWDLQV WKH DUWLIDFWV RI WKH SURJUHVV DV ZHOO DV KLVKHU
UHIOHFWLRQV RQ ERWK KLVKHU OHDUQLQJ DQG WKH DUWLIDFWV
FKRVHQ”.
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a portfolio, you start to collect artifacts that show who you
are as a person, how you think about things, and what
interests and ideas you have. In the portfolio it is also natural
to put the goals the students should aim at in different
subjects, and what is a possible performance and what is
unacceptable. Possible portfolio artifacts are work samples,
letters, drawings, photos, tapes, videos, logs and
collaborative projects, and assessments from peers.The PRVW
GHVLUHG RXWFRPH of the portfolio construction is to have
students take responsibility for their own learning and to
develop a desire to do their best. It is essential to have
reflective statements within the portfolio. Students need to
develop PHWDFRJQLWLRQ, the ability to think about their
thinking. ”Thinking about thinking begets thinking”. The
portfolio concept is also supporting authentic assessment.
In the ”smart Schools” model [14] there is a set of seven
guidelines for good education that is based on two guiding
principles
1. learning is a consequence of thinking - and good
thinking is learnable by all students
2. learning should include deep understanding, which
involves the flexible active use of knowledge.
([SHULHQFHVIURPXVHRISRUWIROLR
A reflective portfolio for students has been used since the
start of Project Zero at Harvard Graduate School of
Education. From July 2000 Steve Seidel, a leading
researcher about portfolio, has conducted the project. Some
parts of the project, Arts Propel and Apple, have focused on
assessment via portfolio. Eleven schools in Massachusetts
have participated in a co-operation between Project Zero, the
State government and the schools.
For example, Cambridgeport School makes their
students sit for an exam with their portfolios as a tool. They
present their work and their learning for a jury with a parent,
a couple of teachers, the principal, and some people from
businesses in the neighborhood. The students prepare for
their exam for a long time, and they have to present work
from four different areas, Mathematics, Science, Social
science, and a written presentation of themselves. The
schools in the project show good results in many ways.
The idea of the portfolio as an assessment tool is also
spread around the world and is tried in many countries, for
example New Zealand, Australia, Canada, and Sweden. We
have ourselves been teaching High School students and used
portfolio developed from process writing methods [15].
When we started to use the process writing method, we soon
found that the expectations from the students were rising.
They learned how to find out how they could work in a more
efficient way, what they already knew, and what they wanted
to learn when we started a new task. All students took an
active part in their work, and for us as teachers it was a great
opportunity to learn about how the students are learning. We
developed some sort of portfolio and found that we got a

much better outcome than before.
In New Zealand, where many schools have worked with
portfolio for about eight to ten years, the teachers feel that it
has made a big difference in the way students think about
what they learn. They definitely take more responsibility for
their work, and reflect in a very complex way about their
learning. Students think they learn more, and parents think
they get a much better information from school.
For staff development we have used a portfolio, too. In
the City of Katrineholm, Sweden, we have 17 principals.
They get education via the School District, and they are
using their portfolios to collect artifacts that show their
learning and their development as leaders. They reflect about
their development and discuss their portfolios in a yearly
meeting with the Superintendent in the district. In their
portfolios they also make plans for their future learning, set
goals, and make assessments.
We think that portfolio is a very useful method for selfassessment and self-reflection. ”, WHOO \RX WKDW WKLV LV WKH
JUHDWHVW JRRG IRU KXPDQ EHLQJ WR HQJDJH HYHU\ GD\ LQ
DUJXPHQWVDERXWYLUWXHDQGWKHRWKHUWKLQJV\RXKDYHKHDUG
PHWDONDERXWH[DPLQLQJERWKP\VHOIDQGRWKHUVDQGLI,WHOO
\RXWKDWWKHXQH[DPLQHGOLIHLVQRWZRUWKOLYLQJIRUDKXPDQ
EHLQJ \RX ZLOO EH HYHQ OHVV OLNHO\ WR EHOLHYH ZKDW , DP
VD\LQJ” [16].
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The approach to the university course is based on findings
from industrial case studies funded by NUTEK, the Swedish
National Board for Industrial and Technical Development.
The contribution from the author Evabritt Sundin has been
possible thanks to support from Hans-Erik Persson, school
superintendent for the City of Katrineholm.
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Only fragments of the portfolio concept have been used in
our assessment and examination at Campus Norrköping,
Linköping University, so far. The preliminary experience,
however, is very promising, and we intend to use portfolio as
the main instrument for next year. The author B. Lennartsson
has an affiliation also with Luleå University of Technology,
Sweden, and there the use of portfolios has gained interest
among the Ph.D. students. Our plan is to use the concept
more systematically and evaluate the result more carefully in
the different arenas. Currently we can se no alternative to the
portfolio when managing the development of the IURQHVLV
capability.
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