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SUMMARY: The development of engineering competencies, especially learning to learn, must be
guided in a special matrix course in which reflection by the students on their work plays a major
role. The students must not only get feedback on their reflective papers, but be stimulated for
development. A system of feedback has been designed for this.

1. COMPETENCIES IN ENGINEERING EDUCATION
It is realised in the engineering world nowadays that engineers should not only acquire

isolated analytical and technical skills and knowledge during their education, but also should be
prepared to integrate these skills, to apply them in work in multidisciplinary teams, and to develop
these skills and others needed.  The engineering competencies needed can be described as follows.
The university engineer must have an academic level in all his competencies. Four broad areas can
be distinguished: professional competencies, learning competencies, career competencies and civic
competencies (Educational Council, 1998). We focus here on the professional and learning
competencies, that include technical scientific knowledge, and social, methodical, and life long
learning competencies (see Table 1).

Table 1.
Professional and learning competencies

Variant Type of skills Place of implementation
1. Technical knowledge Executive Assignments

Analytic Courses, modules
2. Social competencies Communication (oral, written) Projects, labs

Leadership, participation Team projects
Co-operative learning Projects, labs
Team work Team projects

3. Methodical competencies Design Projects, design assignments
Research Labs, research assignments
Development In company training

4. Life long learning Learning to learn Personal reflection

Competencies have to be distinguished from personal traits of engineers like curiosity,
creativity, being independent etc., that cannot be trained but should form the basis for selection of
the engineering students (cf. Mouthaan et al., 2001). Even so, the development of competencies is
a slow process, that takes much time and the starting point of which cannot be uniform but will
depend on the state of personal development of the student.



2. A COURSE FOR DEVELOPING COMPETENCIES
The development of engineering competencies is not restricted to one course, but is a matter

of the whole curriculum. Project work, laboratory work, research and design assignments play an
important role. Therein the students often work in pairs or larger groups. The students work hard
in these practical assignment as do the teachers in guiding and tutoring the students. In the separate
labs and projects the teachers stand for the subject at hand. No one is held responsible for the
development that takes place while the students pass different labs and projects in different groups.
Also many students are not aware of what they learn from practical work and how their
experiences in one project can be used for learning in the next. So the development of the
competencies of the students should be monitored and stimulated by separate means.

Therefore the faculty of Electrical Engineering at the University of Twente has introduced a
‘course’ named Design Portfolio EE (DP) that runs in parallel to several regular practical courses
like projects and labs and that controls the development of some competencies of the students
across these practical courses. It is a kind of ‘matrix’ course (see Table 2). The students have to
write reflective papers for DP about their experiences in the practical courses and hand these in in
digital form.

Table 2.
Structure of the matrix course Design Portfolio (DP)
Course Course assignments DP

assignments
DP development

Marked by the Common Marked by the
teacher of a course responsibility teacher of DP

Start-project mark S-project paper1 type of FB/ mark1 ↓
Lab Network
Analysis I.

mark Lab NA I paper2 type of FB/ mark2 ↓

Lab N.Analysis II. mark Lab NA II paper3 type of FB/ mark3 ↓
Lab. Analog
Electronics

mark Lab AE paper4 type of FB/ mark4 ↓

Lab. Digital
Electronics

mark Lab DE paper5 type of FB/ mark5 ↓

Mid-term project mark M-project paper6 type of FB/ mark6 ↓
End-project mark E-project paper7 type of FB/ mark7 ↓

Mark DP

The work of the students for DP is managed by TeleTOP, the University of Twente’s  course
and study management system. The collection of reflective papers of each student can be
considered a portfolio in DP, a kind of personal development portfolio. The objectives of DP in
2001 were to draw the attention of the students to necessary competencies of an engineer, to
stimulate development of these competencies, to initiate learning to learn, and to stimulate
reflection as a means for the former goals. Therefore the papers received feedback and were
assessed.

Evaluating and giving feedback to a large number of essays is in general no easy task.
Therefore a systematic method for giving feedback and assessing the papers has been developed.



This method has been made explicit to a point where it is thought that after some training, teaching
assistants could do it.

3. FEEDBACK FOR DEVELOPMENT
The feedback given by the teacher of DP had three goals: to draw the attention to the development
of design competencies (learning to design), to become aware of the learning processes (learning
to learn), and  to improve the reflective papers (learning to reflect).

The last goal is attained if the reflective papers get of better quality during the course. This
means that the students better distinguish between their opinion (e.g. ‘the co-operation went well’)
and the data on which their belief is based, and that they better and more specifically describe the
characteristics of the situation they reflect upon (see Table 3, criteria 1 and 2).

Table 3. Criteria
The criteria for the assessment of the quality of the process report
1. Clear, concrete description of the situation and events, from which you learned a lot.
No generalities or vagueness, but data (facts). Not: “I have learned to plan” but “We first didn’t
think of writing the report, but the teaching-assistant (TA) told us to start writing early. We totally
forgot this in making the project planning. We thought that the project plan was about the
execution of the project work only.” Not: “You have to check the circuit” but: “When we turned on
the voltage, the transistor became too hot. A soldering thread made a short. We have to attend to
that better in the future.” In short, give examples.
2. Make a distinction between an interpretation, an opinion (‘… went well’) and observations, data
(facts), between subjective and objective. Give reasons for the conclusions, like: “We met at the
beginning of each day and at the end. Therefore we knew what each of the members had done and
we could help each other with problems. In this way the co-operation went well.”
3. The process report looks back, it compares both the goal of the assignment  and your own
learning goals or your expectations (see criterion 1, first example) to what really happened.
4. The process report looks forward, it describes your intentions to do something different at a next
opportunity (cf. criterion 1, second example). As far as possible, it describes also how you are
going to do it, for example: “I will follow all gaps with the point of my screwdriver, to destroy
possible threads of soldering.”

The second goal is that the students’ attention is drawn to the learning process and that they
become aware of it. This means that the students formulate expectations and learning goals with
respect to the subject matter. And also intentions to do it differently or better next time,  based on
the experiences described (see Table 3, Criteria 3 and 4).

Third it is the intended that the students pay attention to several aspects of the design
competency.  Possible subjects of  reflection are: the approach for solving problems, designing,
doing research, writing logbooks, planning, teamwork, own strong points and the like (see Table
4).

These subjects are not prescribed, but can be chosen by the students themselves depending on
their experiences. The idea is that some students in the beginning are not yet inclined - for example
- to inspect their own behaviour but that they later during their education should acquire some self-
insight and get to know their strong and weak points.

The aim was that through the feedback given to the process reports the students would become
aware of more aspects of the design- and learning competencies in his work. For this, a simple
model of successive phases in the attention of the student has been developed. These phases in fact
are based on the



Table 4.
The categories in which the subject of the process papers are categorised .
Category Symbol Terms used in the process report
Subject matter,
technical things

V Apparatus, resistance, specific circuit (timer, VU-meter, pay-system),
fusion

Team, group T Attention for other students, use of ‘we’
General
subjects

A Spending time, preparation, planning, logbooks, active participation,
being absent.

Personal I The student’s own behaviour is at stake, what the student wants, what
his strong and weak points are.

learning circle of Kolb, but it goes too far too pursue this topic here. The feedback should
guide the attention of the student to a next phase in his reflective consciousness (see Table 5). The
feedback given to stimulate the transition from a phase to a next one, depends of course on the
phase in which the student is  (see Table 6). In each phase the feedback is focused on a different
subject.

Table 5.
The phases in which the students are categorised in order to give systematic  feedback
# Phase of attention Symbol Characteristics (cumulative)
0. The assignment (-) The student does what he has been told to. He uses few

words. The phase is not clear.
1. Knowledge I-V Application of personal knowledge. No mentioning of

other students.
2. Project execution V-T The student mentions working with team-mates, but no

experiences of co-operation are referred to.
3. Group process T-A The co-operation is mentioned, group behaviour in the

project but not in relation to his own behaviour.
4. Self-evaluation A-I The student has an opinion about his own behaviour in

the project and/or his learning processes.
5. Integration I The student explains the relation between all categories

of subjects and the progress of the project

Table 6.
Questions that are supposed to stimulate a change of the phase of the students (cf Table 5)
Phase-
transition

Feedback

0→1: What is the central issue in projects, in your opinion?
1→2: What was your contribution to the project? What can you tell about your team-mates?

(stimulate attention for others)
2→3: What did your team-mates contribute? How was the co-operation? (stimulate

attention for group interaction)
3→4: How was your approach? What have you done in order to get the group to …?

(evoking an opinion about the students’ own behaviour).
4→5: Which aspects are of importance to get an excellent product? What were the effects

on the product? What were your strong points? How did you use them? (invite
integration of self-insight and knowledge of the subject matter).



Finally the students get a mark, based on the quality of the reflection but not on the subject of
reflection. A criterion has been determined for each of the marks (see Table 7). The type of the
feedback depends on the value of the mark (see Table 7).

Table 7.
The relation between the mark and the feedback
Mark Criterion Type of feedback
1 - 3 Not serious Give matter-of-fact feedback: explain what the student has to

do (what is required), why, and what consequences it has if he
does not do it seriously.

4 Too few words, the
student wants to get it
done too easily

Giver matter-of-fact feedback: point out what has been done,
and what still is lacking.

5 The student did his best
but didn’t succeed: two
of the four criteria were
not met.

Writing a process report does not proceed well. Directive
feedback is desirable now. Point out the criteria that have been
met, and those not yet met. For example, you have done …. ;
you also have to …. because …..

6 - 7 Satisfactory. Writing
process reports goes
well, but it can be
improved.

Supportive feedback  is advisable. Point out what has been
done well (and why it is well) and show a direction of
improvement or give hints. For example “You did …; you
could also think of ….. , it might help if you ....”

8 - 10 Well done. Writing a
process report is OK.

Give Rogerian feedback in these cases. Do not point out what
has been done well or not, but ask questions. For example:
“What was the original goal of a design portfolio?”, or “You
wrote …. and elsewhere … How do these remarks fit
together?”

4. RESULTS, DISCUSSION AND CONCLUSIONS

The course has been given to a group of about 50 first year students during seven separate
projects and labs. During the beginning of this course the feedback system has been developed by
the two teachers involved in the DP course. Soon it became clear that giving quite extensive
systematic feedback to 50 reflective papers could be given within less then two days work (16
hours), with the above described method. In this way the feedback could be given fast. This was
necessary because it was thought appropriate to give the feedback before the next opportunity to
improve the work, and sometimes a project started  right after the previous lab. Thus it was
concluded that the method was efficient. This conclusion could be drawn despite the teething
troubles with the TeleTOP system that was used to give the PD course its new form, and that at the
same time was introduced on a large scale in all faculties.  An example was that updating of the
system was necessary exactly at the time the students had to hand in digitally their reflective
papers.

It was not the intention at the beginning to measure the effect of the method. Nevertheless, the
data in the last part, concerning two labs and two projects, have been collected.  In 41 cases a
change of phase could be observed. From these 25 changed in a positive sense, 3 in a negative one,
and the rest remained unchanged. These results show that the method is not only efficient, but
probably also effective. A definitive answer to this question requires more systematic collection
and careful analysis of the data, besides some extra measurements. A change in learning and in



reflecting could not be observed. Nevertheless, from other sources it became clear that the students
have learned that reflection is not only looking back (reflection on action), but also evaluating
(reflection in action, Schön, 1983) and looking forward (reflection for action, Cowan, 1998).

It might be that the use of a digital portfolio to stimulate the development of design
competencies, learning to learn, and learning to reflect at the same time, might be aimed too high.
A problem is that a part of the engineering students is rather monosyllabic and uncommunicative.
They have at the same time to learn to communicate, and to become convinced that
communication is useful. From the quality of the reflective papers it becomes clear when the
students think them useful or not. A question like ‘Why did you enter the study of Electrical
Engineering?’ at the beginning of the year produced reflective papers of a high quality in the past.
The same applied to the reflection of the students on the past propedeutic year of study: 12 marks
were an eight (out of ten), 3 students got a nine, only 5 an insufficient five. It seems to be desirable
to carry out further action-research to determine which subject of reflection should be done on
which moment.

Nevertheless, the ambition to develop design competencies in the sense that more aspects of
these competencies come into view seems quite attainable in this course design. Also, a type of
reflection turned up, that usually is not considered reflection, but that can be distinguished in
Schön (1983) too. It is a type of reflection in which the students takes place inside the material.
They describe the situation as if they are an electron, or a signal in a circuit. Such a type of
reflection is comparable to the architect who is able to project himself in his sketches and drawings
and sees what happens there. This might be the type of reflection that an engineer really is
interested in and that he has to develop.
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