Sharing engineering design knowledge in a distributed
environment

Zdenek Zdrahal, Paul Mulholl and, John Domingue and Marek Hatala
Knowledge Media I nstitute
The Open University
Milton Keynes, MK7 6AA, UK
http://kmi.open.ac.uk/
{ Z.Zdrahal, P.Mulholland, J.B.Domingue, M.Hatala} @open.ac.uk
+44 1908 653800 (Fax: 3169

Engineeing design is a complex adivity, relying heavily on know-how gained from
personal experience Competitive pressures and new technology are making further
demands on the skills and experience of designers, as effedive knowledge reuse in design
is ®en as increasingly vital, and the work of design teams is often a mllaborative and
distributed adivity. University students with a thorough knowledge of the engineaing
domain can beiill prepared for professonal pradice with its increasing reliance on skills
and know-how as well as knowledge of theory. Our approach aims to better prepare
students for professona pradice through hands-on experience of design reuse,
participation in distributed collaboration, and the development of presentation and
documentation skills. Our case-study in the domain of modelli ng engineeaing systems, in
which the murse materials themselves are evolving and distributed, has ramifications for
the publicaion model of educational materials, and the way students should be prepared
for working life.

1. Introduction

There has always been something of a gap between the knowledge gained at school and university and the
way knowledge is acaumulated and appli ed within professional pradice Thisistrue acossarange of
professonal disciplines including engineering, medicine, law and architedure (Schon, 1983. In these
professons and athers, the transition from schoal to work can be daurting, as a new set of skill s and a new
way of working and learning hasto be rapidly adopted. It iswidely accepted that learning must now be a
lifelong experience Universiti es cannot provide students with all the knowledge they will need throughout
their working life, but universities can do more to arm students with the skills they will need in order to be
alifelong leaner.

Recent economic and technologicd developments are if anything widening this gap between schod and
work. Acrossmany industrial areas, there isincreasing pressure for workers to reuse previous knowledge of
products and processes when developing new solutions. Work is also increasingly recognized as a social
and coll aborative adivity. Advancesin internet technology is also lealing to coll aborative adivitiesto be
distributed over space ad time. Thistendency will no daubt continue, and educational ingtitutions need to
respond to the changing demands placel on their graduates.

Our approach isto develop new methods for teading, currently within the field of modelling and
simulation of dynamicd systemsin engineeing, which respond to the &ove shortfalls. Motivated by the
gap between university and professional status, we have developed a distributed environment for promoting
the skills of professional pradice Our course, cdled RichODL (Rich Open and Distance Leaning)
(RichODL, 1999 gives gudents hands-on experience of combining the domain knowledge aceimulated in



ledures and from textbodks with the skills of professonal pradice, including distributed coll aboration,
design reuse, and the mnstruction of documentation and rationale. We believe this will better prepare
students for the transition to work.

Therest of this paper is gructured as follows. Sedion two describes the pradices of professional designers,
which we @med to integrate into the new course. Sedion threeoutlines how our approac prepares gudents
for the workplace The rest of the paper describes our distributed design environment covering the
presentation of course materials, the devel opment of the knowledge model, ontology driven seach of the
educational resources and the underlying technicd architecture. Sedion seven discusses implications for
the traditi onal publishing model of educational materials.

2. The nature of professional engineering practice

Engineeing design work has a number of important charaderistics that have to be onsidered when
developing a murseto better promote the skills of professional pradice. In particular:

e Design work is often charadterized as an optimized seach of a number of design alternatives.
e Strategic design shortcuts are ommon among professional designers.

» Past cases are frequently used during the design process

* Designisanincreasingly distributed and coll aborative adivity.

Engineeing design isa complex adivity. The design processis often charaderized as atop-down breadth-
first search of the spaceof posdble solutions (Ball, Evans, Dennis and Ormerod, 1997). This figures
strongly in prescriptions of how the design processshould proceed (Cross 1989). This demanding process
ensures an optimal solution is constructed to the initial problem spedficaion. Thisinvolves maintaining
and elaborating rumerous candidate solutionsin parallel. Designers need to be adept at generating and
ewvaluating arange of candidate solutionsto aproblem.

Simon (1969 used the term 'satisficing to describe how experts will sometimes limit their search of the
solution space Thisis done possbly in response to cognitive limitations, or to reducethe time taken to
read asolution. There ae differing acmunts as to the extent to which designers oppatunistically deviate
from an optimal strategy. Ball et a (1997 found satisficing to be arelatively rare occurrence, but Ullman
(1988) in their empiricaly motivated model of design, argue that generally design involves ealy
commitment to, and refining of, a suboptimal solution. It is clea that satisficing is often advantageous due
to reduced cost, or where only a satisfadory rather than an optimal design is required. Satisficing, is but
one example of an approach to solving the problem that relies heavily on strategic knowledge and can only
be developed thoughtrial and error. Much of what the designer knows is gained throughfeedback on
experience

It isalso well established that designers make use of past cases when devel oping a solution. Schén (1983
describes how designers, like many other professonal groups, use past casesto frame aproblem, and view
the problemin anew light, asa aucial part of the problem solving process Gero (1990) in his £hematic
model of design, describes the role of past experiencein both routine and non-routine design tasks. Reuse
in design was traditionally limited to reuse of personal experience, with areluctanceto reuse solutions of
other designers. There is however evidencethat companies are encouraging more extensive design reuse
(Ormerod, Mariani, Ball and Lambell, 1999. Thisisno daubt driven by market competitivenessand the
rate of innovation within design companies. Reuse is sen as offering a method for ensuring that innovation
is captured and dseminated quickly, therefore helping the company to remain at the leading edge.
Designers nedal to be skill ed in reusing design knowledge and preparing their own design solutionsto
facilit ate reuse.

The df ordances of new technology and demands of the workplaceprovide greaer oppatunity and
motivation for design to be cnducted, at least in part, asa wllaborative, distributed adivity. A large
amount of current research is concerned with developing todls and methodd ogies to suppart design teams
separated by space ad time (Szykman, Bochenek, Racz Senfaute and Sriram, to appea). Designers need
to pessessthe skills that all ow them to work effedivey in a dstributed, coll aborative @wironment.



3. Preparing engineering design students for the workplace

The aove discusson hasillustrated some of the demands of professonal engineeing design pradice
Preparing students for such aworking environment is much more than providing them with the necessary
domain knowledge. Students could have dl the necessary theoreticd knowledge but beiill prepared for the
workplace Our approach will promote the development of skills required in professional pradice, in
particular:

* Leaning by gaining feadbad on experience

« Evaluating alternative gproades to the same problem.

* Reusing design knowledge mntained in past cases, and fadlit ating the reuse of solutions.
e Workingina mllaborative and distributed setting.

Learning by gaining feedback on experience. Our approach to on-line teading is not a matter of taking a
traditional course in engineaing design, and putting it on the web. There is aso an important shift in the
kind of knowledge and skillswe aim to instill through this course. Much of the knowledge used in
professonal engineeing design is tacit, and what Schén (1983 refersto as knowledge-in-adion. Thisis
the "know how" of how to put knowledge into pradice (Brown and Duguid, 1998. This "know how"
cannot be taught in the adstrad, it can only be devel oped through hands on experience In order to
acamulate knowledge from experience, there is a neal to gain feedbad on the design work undertaken to
effectively refled on adivities. Interestingly, in the achitedural profession, there isalessmarked change
in the nature of design judgements from graduate to professonal. It is argued that thisis due to the lack of
feaedbadk architeds receve on their designs (Rambow and Bromme, 1995. One possble source of
feedbadk asto the quality of an engineaing design would be for ead design to be immediately built and
tested for red. Thisis obviously impracdica within an ontline curse, or in professional pradice An
dternativeis for the designto be expressed in a model that can be wnstructed, run and modified. In the
dynamicd systems areg the domain of our course, the aili ty to construct and run simulationsis even more
important due to the complexity of the resulting behaviour. All of the examples within the RichODL course
contain exeautable and modifiable mmponents.

In additi on to giving feedbad, promoting the acaimulation of hands-on knowledge through experience,
modelling adds further chall enges to the design process When building a model, the student needsto
dedde what are the important feaures that must be cgtured in the model, what can be asumed or left out,
and how the results should be interpreted. For example, the student needs to dedde whether friction can be
ignored for sake of simplicity, or whether it is crucial to the model, fundamentally affeding the outcome.
Constructing the model is therefore not only atod for leaning and exploration but also an intricate design
adivity inits own right. One source of suppart for constructing faithful models is the underlying ontology
which represents concepts relating to how models can be mnstructed. An ontology is an expli cit
representation of important concepts and relations within the domain. Thiswill be described later.

Evaluating dternative approaches to the same problem. Professonal designinvolves constructing,
elaborating and evaluating arange of candidate solutions. Thisis a strong feaure of the RichODL course.
The basic structure of the orn-line component of the murseis alarge set of solutionsto dfferent dynamica
system problems. The solution description includes an initial problem description, some guidelines on how
the problem was approached, and a solution description containing an execautable, modifiable model. Each
exampleillustrates one or more mncepts, techniques or skills that may be goplicable to the students' current
problem. Solving a problem may involve evaluating and exploring a number alternative gpproaches as
contained in the set of cases. The nature of the problems lved by the students, and the range of ideas
contained in the cases, promotes the view that there is no single right answer to a problem, and the design
processinvolves interpreting claims made in solution cases, assessing diff erent approaches to the same
problem, and making trade-offs between them. These same issues reaur when designing the executable
models. The students need to asses whether the model is faithful to their interpretation of the design
problem, and evaluate the explicit and implicit assumptions that have been made.

Reusing design knowledge mntained in past cases, andfacilit ating the reuse of solutions. Students evaluate
arange of avail able solution cases, in order that they may reuse knowledge and techniques cagptured within
the examples. Being able to reuse design knowledge does not develop automaticaly from agood



understanding of the domain. Reuse in design requires expli cit training and experience (Woodield, Embley
and Scott, 1987). Maiden and Sutcliffe (1990 found that when inexperienced designers are encouraged to
reuse, their strategies for seleding cases for reuse isineffedive, as the seledion processis based on surface
simil arity to the problem, rather than on deegper analogies. The difficulty students have in seleding
examples for reuse can be thought of as part of the larger problem of how students often fail to make

eff ective use of analogous examples when leaning. Roberston (1994 in his studies of studentsleaning
from textbook examples, found students often have to be explicitly shown the mapping between their
current problem and the example. Within the RichODL course, students are helped in developing effedive
reuse skills, through teader guidance and also through the search medhanisms derived from the
underlying ontology. Seaching for examples does not focus on finding examples with similar surface
charaderistics, but rather deeper connedions, such as having the same modelling assumption.

The students' work within the murse dso gives them first hand experience of how examples have to be
presented to fadlit ate effedive reuse, both by observing the structure of the examples, and the
documentation of their solution to the problem. Reuse with poaly documented designs can often be
detrimental, leading to the perpetuation of suboptimal designs (Vidgen and Hepworth, 1990. Presentation
and dacumentation skill s are therefore an essential part of the reuse process

Workingin acollaborativeand distributed setting. Communication and team working skill s are seen as
increasingly important in technicd professons, and attempts are being made to encourage the devel opment
of these skill s among students (Dawson, Newsham and Kerridge, 1992. Our environment is designed to
suppart and encourage ollaborative and distributed working. The @urse is web based, dynamic models
can be runremotely, and discussion spaaes promote aordination and the sharing of ideas within distributed
groups. The leaning environment is further supparted by the nature of the surrounding curriculum, the
credit students are given for participation, and the pervading culture that the kinds of skillsthe wurse ams
to tead are not an optional extra, but indispensable for an engineaing design professional. Brown and
Duguid (1991 percaeve working and learning, which is what we want to prepare the students for, as
situated and improvisational, where models of the situation and passble solutions are llaboratively built
on an ad ha basis. The models constructed during collaboration are not only shared mental models of the
problem, but also robust dynamic modelsthat ad as "holding environments' for a range of ideas that could
otherwise be difficult to fully articulate and share (Schon, 1988).

4. Scenario: An on-line course in dynamical systems

For explicaion purpasesin this sedion we will assume that a student Simone is currently working on a
coll aborative projed with threeother students. For the projed the students have to creae apreliminary
design of the body of a ca. The students have mnstructed a number of prototypes and they would now like
to investigate their aerodynamic qualiti es, spedfically, how the shapes would affed the performance of the
ca.

Simone deddes to seeif she can find any relevant examples on the RichODL site. To dothis e opens her
web browser and goes to the RichODL query todl, caled Lois (Domingue and Motta, in press), shown in
figure 1.

The Loisinterfaceis creded automaticdly from the RichODL ontology. The seach isfocused around key
pedagogic concepts in the ontology. For RichODL the key concepts are:

e Part,

*  Modd,

e Mode mapping,

e Codingtechnique, and
*  Example.

These key concepts beame the starting points for the construction of queries, and form the five buttonsin
the Concept s column of figure 1. A detail ed explanation of the compasition of the RichODL ontology is
contained in sedion 6.



Simone starts constructing her query using Lois. First she seledsthe Exanpl e button. This causes the
attributes of the Exanpl e concept to be displayed in the window under the At t r i but es label. Simone
would like to find an example in the mechanicd domain (as oppased to the dedricd domain, for example)
asthe ca problem isaso medchanicd. She beginsto spedfy this. She seledshas- appl i cati on-
domai n inthe At t ri but es window. The types of value that can fill this attribute ae displayed in the
window under the Types label. She seledsnmechani cal from this window. Simone has now spedfied
the first row of her query and she aldsit to the bottom areaof Loisby seleding Add Row.

Simone dedsto further constrain her search by spedfying that the example should be linked to the par t
ai r-resi st ance. Thisbeamesthe seoond row of her query.

Simone dicksonthe Al |  Sol uti ons button and her display changesto figure 2. A single solution,
cdled t r a6, has been found to the query. Within the ontology are generic rules that link formal knowledge
structures to relevant resources. In figure 2 an asociated simulation example “Parachutist’ sfall” has been
linked to the knowledge model component t r a6. Simone can now either examine the structure of t r a6 to
gain insight on the rationale for why it was chosen or she can o straight to the assciated simulation
example.

Simone deddesto go straight to the Parachutist’s Fall example (Mann, 199%) by seleding “Parachutist’s
fall”. The web page, shown in figure 3, has threemain areas. On the left is a window which all ows usersto
navigate, search or change the layout of the examples on the RichODL site. The central part of the frame
contains the original example a written by a simulation modelling expert. The right part contains a
discussion spacefor the example. The discussion space dows gudents and tutors to engage in dialogue
about the example.

Simone starts to read the example. She dicks on the “Hide” button in the navigation window to temporarily
hide the discussion space ad give more room to the description of the parachute example. After reading
the informal problem description she scroll s down to look at the solution. As can be seenin figure 4 the
solution is described using two formalisms. The diagram at the top d figure 4 shows a solution to the
problem using a multipole diagram (Mann, 1999h. Multi pole diagrams were developed to provide ahigh
level easy to read description language for simulation models. The solution is also represented using
Dynast code (Mann, 1991), an exeautable formalism simil ar to that used in standard simulation and
modelling systems guch as MatLab™. The Dynast code is editable dl owing students to experiment with
given solutions. Simone wonders what would happen if the mass of the parachutist was halved, so she
changes the massto 40and clicks on the “ Submit to Dynast” button. The codeisrunon the Dynast server,
inthis case & the Czech Technicd University in Prague, and a graph of the resultsisreturned. The graphis
shown in figure 5. The x-axis of the graph shows time and the y-axis $rows velocity (the downward
velocity is represented as a negative number). Simone observes from the graph that the downward velocity
increases until just after 6 seconds when the parachute opened.

After reading the problem description and solutions and experimenting with the Dynast code Simone feds
that she fully understands the example. She, however, is not sure how generic the eguation R = Kky,’is
for the force developed by the dr resistance (see the middle window figure 6). Can she use this equation as
part of her model of the a@odynamics of car bodes? She deddesto ask for help by posting a mmment.
She selects the “Show” link in the navigation window and after a moment’ s thought deddesto add a
comment under the “Modelling Technique” heading. The cmment form is shown in figure 6. Simone adds
her comment, indicating that it is a question by seleding the “? Question” radio button. A tutor later gives
Simone ah answer to her question, which immediately becomes avail able to the other studentsin Simone’s
projed group.

The enhanced Parachutist’s Fall example, including the navigation fadliti es and integrated discusson
space was creaed, from aplain HTML document, using an extended version of the Digital Document
Discourse Environment (D3E) (Hatala, 1999. D3E (Sumner and Buckingham Shum 1998 suppartsthe
publication of web-based dacuments with integrated discourse fadliti es and interactive ammponents.

The RichODL site dso fadlitates the aeaion of additional examples. A tutor might for instance aceae an
example for agroup of students who had the same misconception. To creae anew example atutor simply
hasto fill in asimple web based form indicaing where the HTML for the example aan be found. Submitted



examples become avail able to students visiting the RichODL site, once gproved by an editor. The ditorial
processis described later.
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Figure 1. A screen snapshot of Simone'squery in the Loistodl.
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Figure 3. A screen snapshot showing the Parachutist’ s Fall example (Mann, 1999a).
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5. Architecture

The RichODL architecure was designed to fadlitate the sharing of engineaing design knowledgein a
distributed environment. From our own experiences at the Open University and from the literature we knew
that students could lean from examples 0 long they were scaffolded with appropriate suppart material. To
this end we dedded to embed the examplesin threaded d scussion spaces. When students found a relevant
simulation example they would aso have accssto the experiences of previous sudents attempting to learn
from the same example and to the wisdom of the curse tutors, past and present.

Enabling students to edit example solutions, to run them and get immediate feadbad through highlevel
visuali zations has been proven to be useful here & the Open University in a number of technicd domains
(seg for example (Mulholland and Eisenstadt, 1998). The examplesin the RichODL site cntain
modifiable, executable solutions.

We dedded to integrate formal knowledge representations into the achitedure a these would:
«  Enable studentsto search for examples using semantic based queries,
< Provide ahighlevel course map which can be used to spot inconsistencies and missng components,

« Fadlit ate the mnstruction of intelligent agents able to pro-adively notify students and tutors about
interesting events, for example, that examples pertaining to certain course cncepts were heavily used.

Knowledge Editor

Student’s query Ty — Textbook
(Lois) ST ErETTETCm—

Knowledge Server

Examples with discussion Examples with discussion
Site 1 Site
D3E Server D3E Server
Simulation Server Simulation Server

Figure 7. The RichODL architedure.



Aswe can seein figure 7 students use Lois to seach for relevant resources on the RichODL site. The Lois
queries are sent to the knowledge server where they are interpreted. As we described in the last sedion
generic rules on the knowledge server link the query solutions to appropriate resources sich as examples on
one of the D3E sites or text bodk examples gored on a generic web server. It isworth emphasizing that this
seach is not string based. As all web surfers know using string based search techniques for finding
documents often resultsin crucial documents (that do not contain the given string) being overlooked or
irrelevant documents (that use the given string but with inappropriate semantics) being retrieved. Our
approacd is based on carrying out semantic based inference where some of the knowledge mncepts used
are linked to web based resources.

It isimportant the RichODL archive evolves with use, otherwise the site would quickly become out of date.
Growth is supparted in threeways:

e Students and tutors can add to the example discussion spaces (seefigure 6),
e Tutors can submit new examples using aweb based form, and
* Knowledge ditors can edit the formal knowledge structures.

We shall now describe the achitedure from atechnicd point of view. We can seefrom figure 7 that the
RichODL architedure is based on threetypes of server:

* Knowledge Server —this contains aformal representation of the knowledge antained in the examples.
This srver contains gedfic knowledge éout eat example & well as generic knowledge @out the
domain.

*  D3E Server — this contains the example descriptions and associated discussion spaces as shown in
figures 3, 4 and 6.

e Simulation server —a simulation server can exeaute representations of example solutions and present
the results badk in a graphicd form. Within RichODL we use anumber of different types of ssimulation
server including a Dynast server for Dynast code and a VRML server for interadive threedimensional
displays of mechanicd devices.

The knowledge server is composed dof threeparts:

e LispWeb (Rivaand Ramoni, 1996 — a aistomised web server which all ows web pagesto be aeaed
on-the-fly from web browser requests. LispWeb provides the basic web server infrastructure for our
knowledge manipulation toals.

e OCML (Motta, 1999 — an operational knowledge modelling language. All the formal knowledge
concepts are represented in OCML.

e WebOnto server (Domingue, 1998 — the server side of our web based knowledge modellingtoal.
WebOnto also incorporates a Java gplet which all ows knowledge enginee's to browse and edit OCML
code using adired manipulation interface A screen snapshot of WebOnto displayingthe part and
codi ng-t echni que taxonomiesis $rown in figure 8.

The D3E server complements the D3E toadlkit described in the previous ®dion. The D3E server kegps
tradk of additionsto the achive such as comments posted in a discussion spaceor the submisson of new
examples.
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Figure 8. A screen snapshot showing the part and coding-technique dasshierarchies of the
RichODL formal knowledge model.

6. A knowledge model of engineering design learning

Standard courses of engineeing design teach students how to apply some design methoddogy to an
appropriate engineeaing domain. Students design for example dedricd circuits, mechanicd machines,
eledromechanicd, hydraulic, fluid or similar engineaing devices. The result of the design processis a
blueprint for making the atefad. The quality of the atefad isthe only red measure of the design
knowledge possessed by the student. Such a measure has grea value & a feedbadk to the learning process
However, manufaduring and testing ared product is usuall y inconvenient, expensive, time cnsuming or
even dangerous. The next best way of testing the designresultsis by modelling the atefad and evaluating
its mulation model. Modelli ng can be viewed as a mapping from the engineeiing domain into the domain
of dynamic systems, simulation is then buil ding executable versions of models. In RichODL we asume
that the models are dynamic systems. In engineeing this assumption is almost always true.

In order to support the development and hands-on testing of simulation models the RichODL pedagogicd
framework integrates threetypes of formal knowledge:

e Domain knowledge
The design and implementation of simulation models consists of two steps: First, the blueprint and its
components are represented by an appropriate model, which isin then converted into the ade of some
simulation language. Threediff erent domains take part in this process the domain of the design
results, denoted in this paper asthe domain of obj ect s and part s, thedomain of nodel s of
objeds and parts and finally, the domain of si nul ati on code. Examples of objed and parts are
eledronic drcuits and their components, mechanicd madines and machine parts, hydraulic and
pneumatic devices, pipes, valves etc. Models of dynamicd systems might be differential equations,
transfer functions, multipoles, block and Bond diagrams etc. The simulation code is a program written
in an appropriate simulation language such as Matlab, Simulink or Dynast. Domain knowledge defines
existing domain concepts in terms of their properties and their relationship to ather concepts and
individual instances of concepts which may occur in the aforementioned domains. This knowledgeis
usually static and deaontextualised and therefore eay to tead.

e Processknowledge
Transitions between domainsi.e. transition from parts to models and from models to simulation code,
are described as processknowledge. In general, processknowledge charaderises various design
strategies. Some of these strategies are described as modelli ng (design) methodd ogies but experienced
praditioners have, in additi on, a large repertoire of modelling and programming tricks. For example,
the same part can be modell ed in a number of ways each of them having advantages and disadvantages
depending on the mntext. Similarly, the simulation code for the same model may include various
implementation tricks. In order to have broad appli cabili ty, methodd ogies are decontextualised and



therefore eaier to tead but are crrespondingly more difficult to use. On the other hand, experience-
based processknowledge is more difficult to aaquire because it is only applicable in certain contexts.
Processknowledge is stuated with the context defined by the gpli cation and has a dynamic charader.

* Media knowledge

The cariers of informal knowledge used by the RichODL framework are charaderised by media
knowledge. It includes URL s of relevant www pages, discussion spaces textbodks, ledures etc. Media
knowledge dlows usto asciate formal domain and processknowledge with informal knowledge

SOurces.

In RichODL, formal knowledge is expressed as knowledge models represented in OCML. Knowledge
modelling is a standard technique for representing and studying properties of knowledge, similarly as
modelling a pendulum serves to investigate its properties. Obvioudly, the representation languages and
techniques are different. Knowledge models consist of ontologies and knowledge bases. Ontologies
formally define the ‘vocabulary’ and the meaning of concepts used in the modelling process Knowledge
bases introduceindividual instances of these mncepts. Examples of the amncept par t from the par t
ontology and itsinstanceai r - r esi st ance are shown in table 1. Sincethe concept part isintended to
satisfy a wide range of different objedsits‘definition’ cannot be too restrictive. We dharaderise the part
just by its name, passible goplication domain and controll abili ty. For explanatory purposes, we include
synonyms of terms within the engineering domain.

Classpart

Slot Name

Documentation

Slot values

has-appli cation-domain

The gplication domain where the
part can be used. Application
domains are eg. medhanicd,
eledronic, power-eledronic,
hydraulic, fluid, eledro-
medanicd etc.

The dot value must be of the typ
appli cation-domain.

(¢}

has synonyms Synonyms and alternative The dot value must be of the type
spelling string.
is-controlled ‘Yes' if some variables control The value of the slot be ather

the others. Otherwise ‘no’.

‘yes’ or ‘no’. The default valueis
‘no’.

Instanceai r - r esi st ance of the dasspart

Slot Name

Slot value

Comment

has-appli cation-domain

Medhanicd, fluid

has synonyms

Wind resistance, air resistance

is-controll ed

Takes the default ‘no’ value from
the dass.

Table 1. The definition of classpart and itsinstanceai r - r esi st ance.

Examples are ssciated with the exanpl e ontology, which servesasa‘glue’ connecting together part,
model and code ontologies, textbodk knowledge and informal discourse spaces. The simplified definition
of the exanpl e concept from the example ontology is shown in Figure 9. In this figure the OCML code
for the exanpl e classis shown instead of the tabular description shown above.

The dassexanpl e isasubclassof the dasspubl i cat i on, and therefore contains dots for author, title
and the date of publication. Each instance of the example ontology includes an explicitly articulated




problem definition, theoreticd solution, simulation code, experience-based knowledge (the lesson leaned)
and references to relevant textbodks. The mntext for the solution is defined by grounding the examplein
domain ontologies. Domain knowledge is described as foll ows: Interesting parts are described in the

bj ect and part ontology, properties of the model used are defined in the Model ontology and the
properties of ssimulation code ae charaderised inthe Si nul ati on code ontology. Not al parts, model
components or code properties used in the example ae formally represented in the ontology. Only those,
which carry the ‘ message of the example’ are referenced. This approacd all ows the student to focus on
relevant issues and keeps the size of the RichODL ontologies and knowledge bases under control. After all,
additi onal knowledge is captured in the example and could be formalised if needed.

Processknowledge includes the Model | i ng nappi ng ontology and the Codi ng t echni que
ontology. These ontologies gedfy avail able techniques for defining models of parts and for coding
seleded models. For example, in the parachute problem the ar resistance ca be modell ed as an external
force ating on the parachutist’ s body propartional to the square of the velocity. Thisis a modelli ng trick,
not a part of the general methoddogy. The crresponding krowledge is represented in table 2.

Object and parts Ontologies and KB

Ontology Examples oviect: o por:
> gy P =

(def-classexampl e (publication) /
; problem-description s .
Modelling mapping

((has-objedive-of-computation

:type obj ective-of-computation)
(has-excitation :type excitation) v &)
MOdels ; solution
(has-mode! :type model -description) Models

(has-result-of-computation

:type form-of-result) » &

; important-feaure
(has-interesting-part :type part)
(has-interesting-mapping

:type modelling-mapping)

Multipole model (has-coding-technigue :type coding-technique) Coding techniques
(has-numericd-computational -problem a
:type numeri cd -computation-problem) &
h=300; [m] airplane altitude 0
s$=100, [m] freefdl path sreferences
m>C Ay = 80, parachutist’s inertia (has-www-textbook-reference
Fg > JAy = 9.81*m; gravity : www-textbook reference . .
Bl yA=Ay; altitude type ) . Simulation code

Simulation code

= A &)

Figure 9. The Exanpl e ontology and itsrelation to process domain and media knowledge.

The structure of the Codi ng t echni que ontology is sown in table 3. Both modelling mapping and
codingtechniques are apart of reusable, experience-based knowledge. They can be retrieved from
examples where they are used by a Lois query as sown ealier. Asshownin figure 9, the formal structure
of the Exanpl e ontology also references media knowledge, which connects the ontology to web based
resources.



Classnodel | i ng- mappi ng

Slot Name Documentation Slot Values

has-part The part to be modell ed. The dot value must be an objed
from the Objeds and part
ontology

has-model The model used for the part. The dot value must be an objed
from the Model ontology.

has-example Reference badkwards to all The dot value must be an objed

examples in which this modelling
mapping has been

from the Example ontology.

Instanceai r -r esi st ance-t o-

sour ce- of - f or ce of the dassnodel | i ng- mappi ng

Slot Name Slot value Comment

has-part air-resistance air-resistanceis a part represented
in the Objeds and part ontology.

has-model source-of-force source-of-forceis a model
represented in the Model
ontology.

has-example trab Referenceto the parachute
example.

Table 2. The definition of nodel | i ng- mappi ng and ai r - r esi st ance-t o- sour ce- of -

force.

Classcodi ng-t echni que

Slot Name Documentation Slot Values
has-effed Effect demonstrated by the piece | String

of code.
has-description More detail ed information String

from-line

Beginning of the cding trick

Integer (line number)

to-line

End of the coding trick

Integer (line number)

Instancecont r ol | ed- sour ce-

of - f or ce of the dasscodi ng-t echni que

Slot Name

Slot value

Comment

has-effed

“non-linea force”

has-description

“Source of force depends on the
square of a control variable
(velocity) and a multiplicative
coefficient”

“Implementation comment: The
variableinline 7 israised to the
power which is the value of the
variableinline 8”.

from-line

6

to-line

32

Table 3. The definition of codi ng-t echni que and cont r ol | ed- sour ce- of - f or ce.




7. An evolutionary publication model for a distributed course

The RichODL approach has a number of ramifications for the nature of university learningand itsrelation
to the skill s and learning appropriate to the workplace Further consequences ensue from the distributed
evolving nature of the aurse, where numerous educaors have authorship and ownership for various
components. The RichODL course therefore requires a new model encompassing the nature, evolution and
ownership of, and responsibility for, educaional material, spanning more than one educaional institution.

Asdescribed ealier, preparing and publi shing and indexing new examples, is graightforward and
supparted by a suite of todls. There isthough an editorial processensuring the quality and relevance of
submitted material. The role of the elitor in this senario is closer to the role of the eitor of an acalemic
journal than the editor of abodk. The ditorial tean define the educational scope of RichODL, provide
guidelines for submitting new examples, and coordinate the review of submissions. Asin the journal, as
oppased to the bodk editorial model, they define the acalemic field within which new examples can
evolve, but they do not explicitly map out what examples are needed, and who should be their author. In
the arrent model, submitted examples are prepared using the D3E publi shing todlkit, but are stored in a
separate aea not accessed by students, urtil cleared for publication. Grea efforts have to be taken to
ensure aswift turnaround of submitted examples 9 as not to creae abottlened< which would discourage
educators from taking part. Asthe rate of submisson of new examplesisrelatively low, thisis achievable
with a small editorial team.

Course maintenanceis an equally important processwithin the RichODL model. The murseis an evolving
distributed resource, and requires regular maintenance This processconsists of far more than "cheding
links". Asthe examples are used, the discussion spacewill grow, as distributed students coll aborate via on-
line discussion, and teachers use it as aforum for providing advice and guidance Periodicdly, this
discussion spaceneeals to be "weeded", to remove discusson threals judged of little benefit to future
students. Some of the dialogue will beretained if it ill ustrates important charaderistics of an example and
how it can be used. Leaving some discussons in placeblurs the distinction between the students’ own work
and the educational materias, in the same that aledurer, after a discusson with a student, may find a new
way to explain a ancept that they will usein future yeas. Monitoring the discussion space @n also lead to
changes to the ontology, as pedagogicdly significant connedions between examples are uncovered. The
analysis of the ontology itself, can lead to the identificaion of areas within the acalemic domain that are
under-represented in the aurrent course. This information can be passed to the alitorial board who can
encourage the submission of new examplesin this areg similar to how ajournal editorial board may
promote aspedal issue on a spedfic subjed of interest.

8. Conclusions

The RichODL course and pedagogic model gives gudents a taste of working and learning pradices
appropriate to the workplace in particular, knowledge reuse and coll aboration. Developing the RichODL
course was far more than putting existing educational resources on the web. Students accumulate
knowledge mllaboratively from feedbadc on experiencein a distributed environment. This supplements
rather than replaces conventional forms of learning from textbodks and ledures. The gproach also
required reassessment of the acceted model of educaional materials, their ownership and evolution. The
RichODL approach is currently being used and tested within a European wide initiative into teaching and
leaning dynamicd systems engineeaing, and we egerly await the outcome.
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