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A bioprocess engineer should have at least a set of basic design skills. Bioprocess
design is a complex cognitive skill, which should be trained in every year of an
academic Bioprocess-Engineering curriculum. However, there is little existing
learning material to support the initial training of design skills early in the
curriculum. For this reason a web-based DownStream Process Design environment
has been developed, called DSPD. This article describes the design criteria for the
development of this design environment. It describes the design environment itself
and it gives an impression of the use of the design environment in a course for
first-year students.

1. Introduction
The Food and Biotechnology (FBT) research programme is a research programme

on design of digital learning material. The programme was initiated at Wageningen
University in September 2000 and currently counts 6 large projects and a number of
smaller projects. The intention of the FBT programme is that the digital learning mate-
rial will be used by students of Wageningen University, but also by students from many
other institutions. It is expected that the use of the learning material outside Wageningen
University will lead to constructive criticism from students and staff from other univer-
sities. The ensuing improvements will raise the quality of the learning material and
thereby will be beneficial for both students of Wageningen University and the external
ones. Furthermore sharing of web-based learning material will be one step on the path to
internationalisation of higher education (Irandoust and Sjöberg 2001). This adds a new
perspective to the use of information and communication technology in engineering
education (Brandt 2001). Within the FBT programme a four-year research project on
the design, development and use of web-based digital learning material for food- and
Bioprocess-Engineering education is carried out. Material that has been developed in
this project has been used at Wageningen University, École Polytechnique Fédérale
de Lausanne (EPFL) in Lausanne (CH), the Technical University of Lodz (PL) and
is accessible to any other university in the world (http://www.fbt.eitn.wau.nl/).

A bioprocess engineer should have at least a set of basic design skills. Textbooks in
the fields of Process Engineering and Biotechnology, however, do not offer sufficient
information about design processes nor do they offer students the possibility to
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elaborate on design knowledge. There are a number of Process-Engineering textbooks
having the term ‘Design’ in their title (Van ’t Riet and Tramper 1991, Asenjo and
Merchuk 1994, Cabral et al. 2001), but these textbooks mainly present knowledge
about typical process operations, conceptual tools like balance equations and typical
computational procedures. In fact no learning material has been found that supports
all aspects of training design skills. To comply with the need of industry for competent
bioprocess designers, Wageningen University has inserted a set of instructional acti-
vities targeted at design competencies in the Process-Engineering curricula.

This article will start with a definition of design and a description of how
ideas about learning to design have been implemented recently in the Bioprocess-
Engineering curriculum at Wageningen University. Next it will elaborate which skills
are essential in design processes in general and in Process Engineering in particular. It
will then explain why existing design environments do not satisfy these requirements.

For this reason a server-based DownStream Process Design environment has been
developed, called DSPD. The paper describes the design environment and evaluation
results of how the DSPD is used in the early stages of the curriculum and how students
respond to the new possibilities that are offered to them.

2. What is design
On the one hand there are many definitions of design, on the other hand the list of

publications about design and about design education that avoid to commit to one
specific definition of design is very long (Jones 1984, Chandrasekaran 1990,
Dasgupta 1991, Simon 1996, Keulen 1999, Dym and Little 2000). This shows how
ubiquitous the concept of design is and at the same time how difficult it is to grasp
all aspects of design to everybody’s satisfaction in just a few lines. The following quote
implies a very broad definition of design:

‘Everyone designs who devises courses of action aimed at changing existing situations into

preferred ones.’ (Simon 1996, p 111).

A slightly more specific but still very abstract definition of design is given by Dym and
Little 2000:

Engineering Design is the systematic, intelligent generation and evaluation of specifications for

artefacts whose form and function achieve stated objectives and satisfy specified constraints.

(Dym and Little 2000)

Although clearly definitions of design are inadequate in general (Dasgupta 1991), it
still may be good to set the stage for a short paper by selecting one of them. For this
paper the following definition has been adopted:

‘Design is an open process that is both object and context dependent. Within this process, a

combination of methodical steps and personal decisions leads to the realisation of a material or

immaterial product or process.’ (Keulen, 1999).

Design is an open process, there is more than one way to look at a problem, there is
more than one good solution and it is not possible to determine one best solution.

Design is an object-dependent process. How you design depends on what you are
designing.
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Design is a context-dependent process. The design depends on where and how the
product or process is going to be used.

Design is about making decisions. When facing a design problem, there are in
theory an infinite number of possible answers and it is impossible to make an evalua-
tion to say which answer is the best. There usually is much irrelevant information
available and much relevant information missing.

For most design processes there is a standard set of steps that can be used to struc-
ture the design process. The details of these methodical steps depend on the object and
context of the design and can be different for each situation. For the design of a
biotechnological process the set of methodical steps given by Jones can be used
(Jones 1984): Analyse the problem, generate concept solutions, choose a solution,
work out the solution in detail, evaluate the solution, if necessary, change the design
according the findings and present the solution (figure 1). This is the approach we want
our students to experience and to become familiar with.

3. Design in Process-Engineering education
Because designing is a major learning objective of the Bioprocess-Engineering

curriculum of Wageningen University, designing is introduced early in the programme.
During the first year of their study, students in Bioprocess Engineering are introduced
to the design of downstream processes. The main function of a downstream process is
to separate a product from a mixture of components.

In this context designing a downstream process usually means choosing the unit
operations, ordering those unit operations and choosing the operational settings for
those unit operations. When looking at teaching the basics of the design of

Figure 1. A set of methodical steps for designing.
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downstream processing to first-year students, one can identify several skills and types
of knowledge that the student must acquire that are important for the design process.
On the one hand the student has to build up knowledge of unit operations (filter,
ion-exchanger, etc.) commonly available for the configuration of a downstream
process, on the other hand the student has to learn how to order and configure those
unit operations to get the desired results.

While specific knowledge of the different unit operations is important when
designing a downstream process, it is not necessary for a student to have all possible
knowledge of unit operations before he is able to design a functioning downstream
process for a certain product. When a student discovers during the design process that
he lacks some necessary knowledge he is motivated to acquire that knowledge. This
motivational aspect is an important reason to offer the necessary information about
unit operations just in time during the design activities of the student.

4. Requirements for an environment that supports initial training
in the design of downstream processes

To facilitate the learning process for first-year students, there is a need for an
easy-to-use environment for designing downstream processes. We defined a set of
requirements for this environment that we will first list and then explain. The main
requirements for this environment are that it should:

1. Offer the possibility to insert, move and remove unit-operations.
2. Provide easy introduction for novice designers to the concept of unit-

operations.
3. Offer the possibility to adjust the control parameters of unit-operations.
4. Directly show the consequences of any change in the design.
5. Limit the cognitive load for the student.
6. Enable personalised feedback.
7. Be directly accessible for any authorised student on any computer.
8. Have a modular design that can be reused in different situations.

The first six requirements are inspired by, or derived from theory and assumptions
about how students learn complex cognitive skills such as design, or about the
typical problems of novice designers. (Anderson 2000, Merriënboer 1997, Dym and
Little 2000, Cross 2000).

Because an adaptive-content framework for web-based learning had been deve-
loped already at the Process-Engineering department, the personalised feedback
requirement for the DSPD resolves in the technical requirement that the DSPD should
have an interface with the adaptive learning environment of the Process-Engineering
department.

The last two requirements are derived from general principles on system design
(modularity) and from the goals that have been set in the FBT research programme
(the intention to offer world- wide access with minimal administrative load).

An easy-to-use design application is desired, so that first year students do not have
to spend much time learning the application before they can start learning down-
stream processing. In other words, extraneous cognitive load should be minimised
(requirement 5). Furthermore, the application should contain the most common unit
operations used in downstream processing. The student should be able to play

with the unit operations to get an idea of what a specific unit-operation does and
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how it works. Elaborating knowledge by running simulation models of, in this case,
unit-operations can be an effective way to support the learning process if the right
accompanying measures are taken to structure the students’ use of the simulation
models (Jong and Joolingen 1998). This means that the student has to be able to
change the settings of a specific unit (requirement 3) and that he directly sees the
effects those changes have on the performance of this unit and the effects
those changes have on the performance of all units following this specific unit
(requirement 4). A student also has to have the option to get an overview of the
entire downstream process that summarises the performance of the different units and
of the total design, so the student can easier identify bottlenecks in his design.
(Merriënboer 1997)

Finally, it is deemed important that the student gets feedback on the overall design
he has made, for instance when the student orders unit-operations in a way that does not
make much sense, but is not impossible either, such as creating a cascade of identical
centrifuges.

5. Existing process design environments do not satisfy
our design requirements

There are several existing design environments that are used to design process
schematics, like Aspen Plus# and SuperPro Designer#.

These programs are designed to allow the design of almost any possible production
process, and include complete simulation, documenting and scheduling tools and
more. Because of this, the user already has to be familiar with process design in
general, with the specific unit operations he wants to use, and with the design envi-
ronment itself before being able to create a functional design in one of these design
environments.

These existing design environments are also too complex to use for a student
who has only just been introduced to downstream processing and isn’t even aware
of the unit operation concept. To add one unit operation to your flow sheet in
SuperPro Designer#, you first have to select the unit-type, then click on your work-
sheet to add a unit of that type. After adding your units you have to manually draw
the streams between the units of which there can be many for a single unit operation.
The manual of SuperPro Designer# needs seven pages to explain the process of
adding and connecting a unit operation. After adding unit operations the user has to
specify in detail what the contents of each stream are, what happens in each unit, what
the separation efficiency is for each component in the product stream, etc. The total
manual of SuperPro Designer# is well over a hundred pages.

Like SuperPro Designer#, Aspen Plus# is a complete design environment for
industrial use and not easy to learn. Learning to work with these complex programs
would require an intensive course on its own.

It is possible to design a downstream process using these design environments by
adding, and moving unit operations and changing settings of those unit operations,
but they do not provide an easy introduction to downstream processing for novices
by limiting cognitive load or directly showing the results of a change.

The commercial design environments are also not available on every
computer a student has access to. Furthermore they cannot easily be implemented
in a web-based course in a way that allows automatic feedback on the design the
student has made.
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6. Description of the DSPD
When a student opens a page with a design exercise for the first time, he is

confronted with the starting situation of the process he has to modify. The most simple
form of this starting situation would be a reactor with some content, with the assign-
ment to isolate one of the components from the reactor. A more complex starting situa-
tion could be a complete process with the assignment to identify and ‘fix’ a bottleneck
somewhere in that process.

Given the first assignment, to design the process for isolating a component from the
reactor, the student can then start adding unit operations between the reactor and the
endpoint of the process chain. When a unit is added, the initial settings of this unit will
allow as much components as possible to pass. The student will have to tune the unit to
his liking. The result of these changed settings are directly available and based on these
results the student can decide what further changes to the settings should be made or
what other unit operations should be added. There are no restrictions to the order of
unit operations. However, the results and feedback generated will warn the student
if a design is illogical. For instance, if the student places an ion-exchange unit that
cannot handle a flow containing solid components behind a unit that outputs a flow that
contains solid components, the ion-exchange unit will be clogged and generate an
empty product stream. The input stream will be redirected to the waste stream.

6.1. How to try it yourself

A link to the downstream process designer can be found on the content showcase
on the FBT web site (http://www.fbt.eitn.wau.nl). Use the link ‘Try the Downstream
Processing Design Case’.

6.2. The product stream

The DSPD has to be modular (requirement 8) and because unit operations can be
added in every possible order, it is very important to clearly define what information is
passed from one unit operation to the next. In a linear downstream-process chain, the
product stream is passed from one unit operation to the other.

The definition of the product stream must contain all parameters that are relevant
for the isolation process. Some of these parameters refer to the liquid, like density,
viscosity and the type of liquid. Some refer to the substances or components in the
liquid and in case the components are cells, they may have substances inside them that
are released when the cells are broken.

For example, for filtration, it is important to know the size of the components in the
product stream as this determines if a component can go through the filter or not.
For an ion-exchange unit, the iso-electric point of a component determines if the
component is bound to the ion-exchange column. The size of components is also
important in an ion-exchange unit, as components that are too large will block the
column. The properties of components that have to be known can be different for each
unit operation.

In this list of components in the product stream, not all parameters make sense for
all components. An ion does not have an iso-electric point and it is not possible
to break an ion in pieces like a cell, so it has no parameter that describes how strong
the ion is. The list is also extendable, if a new type of unit operation is defined that
requires more information about a component, this information can be added to the
definition of the starting product. All existing unit operations will ignore the new
parameter so the new unit operation can use it.
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6.3. User interface

The user interface is what the student sees and has to work with. Figure 2 is an
example of the downstream process designer used in a case. The Downstream
Process Designer has to display a lot of relevant information for the student. It is
important that the student isn’t overwhelmed with information, but at the same time
he has to be able to find the information he needs (Merriënboer 1997).

Each unit operation in the process stream shows the following fields:

� Unit operation properties: The name of the unit operation, icons to move, update
or delete the unit operation. The properties of the unit operation that the student
can change.

� Unit image: A graphical representation of the unit operation.
� Output/waste: The listing of the output and waste streams generated by the unit

operation.

The unit operation properties are specific for each unit operation. Some unit operations
have more properties than others. There is one property that every unit operation has: the
name the student wants to give to the unit operation.

The storage vessel unit operation (called endpoint in figure 2) has only this stand-
ard field, while, for example, a disruptor also has fields for setting the pressure drop
over the disruptor and the number of times the stream is passed through the disruptor.

If the student is allowed to make modifications to the process chain then every unit
has the option to remove that unit from the process chain. Between every two units an
option is available to add a unit operation between those two units.

The image of the unit mainly serves as a quick way to recognise the type of the unit
operation. For some units the image also gives visual feedback on a setting of the unit.
For a filtration unit, it shows whether the permeate or the retentate of the filtration step
is used for further processing.

The output/waste lists of each device describe the type and volume of the streams
and the components in the streams. For each type of component the name and concen-
tration is given and there is a field that can be used by a unit operation to give specific
information, e.g. the run-time of the component through a gel filtration. The reactor
and endpoint units do not have a ‘waste’ stream. The extra screen space available as
a result of this is used to list other properties of the components, like the density and
iso-electric point. The contents of cells can also be shown next to the reactor and
endpoint units, but the student can hide the contents of the cells to save more screen
space. As a result, the student does have direct access to all information about the
components, but this information is not repeated for every unit operation.

6.4. Help function

The DSPD module has a built-in help function. This help function contains a short
explanation of how the DSPD works and for each individual unit operation it explains
what the unit operation does and what settings the user can change for that unit-
operation. For each unit operation there is also a demonstration of the unit operation.
The demonstration uses the DSPD itself, with a process consisting of a reactor with a
suitable demonstration content, the unit operation itself and a storage vessel. In this
demonstration the user can play with all the settings of that unit operation with the
restriction that the user cannot add or remove any other unit operations.
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6.5. Architecture

The DSPD is a server-side program. When a student works with the DSPD, the
program is executed on the web server. The student only sees the result of the proces-
sing displayed on his local computer. This system has several advantages. First,

Figure 2. The downstream process designer in use in a case.
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because all data are processed on the server these data can easily be stored on the
server. So if a student does some work and later logs in from a different computer,
he can directly continue where he stopped. The data can also be linked to a student
model to track for instance student progress or to add a competitive element where the
student can compare his results with the results of other students, as seen in figure 3.

Second, because all complex processing is done on the server side, there is no need
to install any additional software on the client side. In many universities the computers
that are available to students are very restricted in what the student can and cannot do.
Installing software is something that is often impossible for the student. Third, because
the output of the DSPD is standard HTML, it can be viewed with any browser the
student prefers to use on any operating system. Especially if the material is also used
at other universities, we do not have control over what the student has available on the
client computer.

Because all a student needs to access web-based learning material like this is a
user-name and password, it is also very easy to make this material available to, for
instance, other universities. Several web-based applications developed at
Wageningen University for process engineering are being used at the EPFL in
Lausanne and the Technical University of Lodz.

Server-side processing also has some disadvantages. The user interface is limited
to the possibilities of standard HTML. Also, for every action the user takes, a request
has to be send to the web-server and the appropriate response has to be send back.
If the user is on a slow connection this process can be slow.

7. Use of the DSPD in Bioprocess-engineering education
There are several ways to use the DSPD in education. It can be used to illustrate the

working of a device in a lecture about the theory of that device.
In our education, the DSPD is used in a case, where the student is put in the role of

junior consultant of a consultancy firm. In this role, the student is given the assignment
of designing the downstream process for a new product. The case starts with an

Figure 3. The list of top scoring designs of all students.
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introduction with some questions. After this introduction, the student is given the task
of designing the downstream process, based on specifications he gets from the
‘research department’ of the company and with set requirements for the purity of the
product, the total amount of product to be recovered and a budget. After making a suc-
cessful design, the student gets some new data from the research department and is
asked to change his design for the new situation.

This case can be used in a tutorial, where the students work alone or in pairs on
the case, while a lecturer is present to answer any questions the students might have.
The case could also be used as basis for a group discussion with a tutor present, or by a
student with an internet connection at home, as preparation for a lecture or exam.

At Wageningen University, the case is used by first-year students in Bioprocess
Engineering. These students have little knowledge about downstream processing or the
unit-operations used and have no design experience.

The case is used in the course Process Engineering. The learning objectives of this
course, which this case helps to achieve, are

� Design of a flow sheet for a typical biotechnological product.
� Recognise the most common unit operations.
� Describe the function of the unit operations.
� Describe how they work.
� Order unit operations in a flow sheet.

When the user is building a new downstream process, and has to decide what unit to add
next, he has to choose a unit based on the composition of the mixture offered. To make
this decision the student has to check the properties of the components in the mixture
and find out which unit operations will separate the components based on these proper-
ties. In figure 4 we can see that E.coli 913 has a diameter that is very different from the
other components in the mixture. To remove E.coli 913 the student could use a unit
operation that separates components of different size, like a filter or gelfilter.

After adding a unit operation, the settings of that unit have to be changed to
achieve the desired separation. A filter for example (figure 5) separates large compo-
nents from smaller components and the student has to select if he wants to use the large
components (the retentate) or the smaller components (the permeate). The student also

Figure 4. A reactor containing water, cells, proteins and ions.
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has to choose the pore size, as that is the control parameter that determines what com-
ponents can pass through the membrane and what components are blocked.

An example of a situation where the order of two units makes a difference, is when
a solution with large volume is passed through both an ion-exchange unit and a gelfil-
tration unit. In the example in figures 6 and 7 the starting volume of the flow is 10 m3.
When the gelfiltration unit is placed first (figure 6), a large gelfiltration unit is needed
to get a good separation. The flow coming out of this gelfiltration step will still be large
and the gelfiltration step will produce a lot of waste.

When the ion-exchange unit is placed first (figure 7), the flow from the ion-
exchange unit into the gelfiltration unit will be much smaller then the original
10 m3. The gelfiltration unit can thus be much smaller in this situation, resulting in

Figure 5. A filter separates components based on size. Either the larger or the smaller
components can be recovered for further processing.

Figure 6. A volume of 10 m3 water containing proteins and ions is first treated with a
gelfiltration unit and subsequently with an ion-exchange unit.
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a much smaller waste volume and a cheaper process. The student should realise that an
ion-exchange unit can be used both for purification and for concentration of the pro-
duct flow while gelfiltration is only suitable for separation.

The course is problem oriented, one of the assignments in the course is to solve the
case that was built around the DSPD. After solving the case, the students have to make
a report about their solution to the problems in the case.

The last page of the case shows how the students’ design compares to that of the
others in the fields of product purity, product recovery, costs, amount of waste and
number of units used. It also gives an overview of who made the design with the high-
est product purity, the highest product recovery, the lowest costs, the least waste and
who used the shortest process. This introduces a competition element and inspired
some students in this first try-out to try and get the highest score in as much fields
as possible.

8. Evaluation by students and lecturers
Currently the DSPD has been used by about 40 students in 2 groups. For both

groups the DSPD was embedded in a case as described above. Both in order to
improve the DSPD as well as in order to improve the way in which the use of the
DSPD is embedded in the bioprocess engineering curriculum evaluations have been
carried out. First of all the students were observed carefully while they were working
with the DSPD. Actually one of the most striking aspects is the intense concentration
and on-topic discussion that can be observed in a classroom with students
working—mostly in pairs—with the DSPD. Initially the students need about 15 min-
utes to find their way around in both the case environment as well as in the DSPD.
Once they know how to navigate through the case and recognise the navigation logic
in the DSPD, they were all actively engaged with the DSPD. Furthermore it was

Figure 7. A volume of 10 m3 water containing proteins and ions is first treated with an
ion-exchange unit and subsequently with a gelfiltration unit.
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observed that the option to compare your own results with results of other students
which was improved after the first group, clearly led students to reconsider their first
solutions. This resulted in activities to improve on their first solutions and evaluating
discussion between different groups of students.

After the case the students in the first group had to write a report and they were asked
to fill in an evaluation form and with the students in the second group an in depth group
interview was carried out. The main results of these evaluations are described here.

The case for the first group was relatively ‘open’ and so where the learning goals
for this case. From the reports of the students in the first group it was concluded that
the case should be more structured and less ‘open’ at least for students in an early stage
of their study. The students in the second group indicated that both the learning goals
of the case as well as the assignments in the case were clear. Furthermore they felt that
indeed they did achieve these learning goals due to their activities with the DSPD. This
experience is in coherence with the conclusion in Jong and Joolingen 1998, that learn-
ing materials like computer simulations and activating learning materials like the
DSPD should be implemented carefully within a course. If it is not sufficiently clear
to the students what they are supposed to do with the material, they will not benefit
optimally from their experience with the material (Jong and Joolingen 1998).

Almost all students indicated that they found the DSPD challenging and very much
fun to work with. This confirmed essentially the impression of the lecturers during
their observations.

The competitive element was considered positive by the second group and these
students (except for one) told that they really had a strong desire to get a better score
then the others. Apart from the score, the possibility to compare their results with
the other students stimulated the students to take a better look at their own designs and
a desire to better understand which settings or orderings of operations could lead to an
improvement of their designs.

Students also really liked the fact that they felt they where working on something
real instead of some theoretical academic problem. In addition, students also liked the
fact that there is no risk attached to mistakes, something that is usually not the case in
real life. They could try the things they wanted to try, without getting penalties if it
didn’t work. Students were satisfied with the balance between the requirement that a
mistake must be corrected before the student is allowed to continue (which forces the
student to understand fully what he is doing) and the ease with which a mistake can be
corrected once the student does indeed understand what he is doing. Indeed the
adagium that ‘Significant learning often occurs in a setting where it is safe to try.’
(Posner 1997) was one of the guidelines during the development of the DSPD.

The lecturers where very positive about the activating and motivating properties of
the DSPD. In particular the observations during the course of the student pairs actively
discussing the subject had impressed the lecturers. However, they also had to conclude
that some students in the first group tried to put as little effort in the course as possible.
The conclusion of the lecturers was that first-years students especially need well-
structured assignments to make sure they are introduced to all aspects of the design
of downstream processes. These observations and the reports of the students in the
first group led to a more structured case for the second group and the option to also
compare results in addition to listing the top scores.

Based on these results the lecturers have decided to deploy the DSPD in more
instructional situations and to increase the use of the DSPD in Bioprocess
Engineering education.
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9. Conclusions
For education of first-year students in Bioprocess Engineering there was a demand

for an easy-to-use, easy-to-distribute downstream-process design environment.
Existing design environments are not suitable to support the first stages of learning
how to design a downstream process. The DownStream Process Design application
described here is web-based, runs on the web server and is therefore accessible from
any internet-enabled computer with a web browser. In fact web-based applications that
have been developed for Process Engineering within the FBT programme are being
used already at EPFL in Lausanne (CH) and the technical university of Lodz (PL).

The DSPD supports the design of a single linear process-chain. A downstream
process starts with a reactor-type operation and ends with a storage vessel. Unit-
operations of any available type can be inserted at any point between the reactor and
the final storage vessel. There is virtually no restriction to the number of operations
between the reactor and storage vessel. An operation takes the output of the previous
operation and generates an output and a waste stream from its input (in) out þ
waste). The student can also create any order of operations, but will soon find that
some sequences of operations do not make sense.

The application has a graphical user interface that is easy to use for students that
are not yet familiar with the subject. It takes students less than half an hour to get used
to the DSPD interface, after that they are exploring the different unit-operations and
searching for the best combinations. For some students it takes some time before they
realise that ‘just clicking around’ is not going to get them a working design. Once they
realise that if they really put some thought into the design it will give a better result,
their motivation increases.

Two groups of students have now used the DSPD. The experience with the first
group unveiled the need for a more structured case and more detailed assignments
to guide the students. The first year students that used the DSPD needed more
guidance than a single assignment offers. Most did not continue to search for alterna-
tive solutions after finding a working solution.

For a second group a case that provided more structure was offered. Furthermore a
feature that enables the students to compare their design with the design of others was
added. Evaluation with a second group showed that these measures invited the
students to reconsider their first working solution and to more involvement in the task.

The teachers who implemented the DSPD were very positive about the DSPD in
the sense that they are convinced that the DSPD supports the learning goals of the
course and motivates the students.
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IRANDOUST, S. and SJÖBERG, J., 2001, International dimensions: a challenge for European
engineering education. European Journal of Engineering Education, 26(1), 69–75.

JONES, J. C., 1984, A method of systematic design. In N. CROSS (ed), Developments in Design
Methodology (Chichester: Wiley).

DE JONG, T. and VAN JOOLINGEN, W. R., 1998, Scientific discovery learning with computer
simulations of conceptual domains. Review of Educational Research Summer, 68(2),
179–201.

VAN KEULEN, H., 1999, Design teaching views and practices in Delft. In N. P. Juster (ed),
The continuum of design education. Proceedings of the 21st SEED Annual Design Conference
and 6th National Conference on Product Design Education. (Glasgow, UK), pp. 51–58,
ISBN 1 86058 2087.
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