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ABSTRACT 
Engineering Design Science, initiated by Dr. Vladimir Hubka, was developed from the 
mid-1960’s to the present, with connections to other design disciplines and society. 
Design engineering, including application of the engineering sciences, can range from 
routine, through risk, to safety and rational operation. As problems appear less routine, 
designers need advice to overcome barriers. Engineering Design Science offers theories, 
models of transformation processes and technical systems, and methods derived from 
these theories. These models and methods must be familiar to the designer before 
attempting to use them on a serious problem. 
The expertise of engineering designers ranges from novice, via advanced beginner, 
competent, proficient, expert, and master, to visionary. At each stage, advancement to 
the next is possible by learning the object and design process knowledge, preferably in a 
non-threatening environment. Especially for design engineering, the theories, models 
and methods of Engineering Design Science offer a basis for organizing and acquiring 
this knowledge. 
Consequently, education for design engineering should include the considerations of 
Engineering Design Science, the underlying theory and methods. Instruction should 
progress throughout the educational curriculum, by exposure to theory and by 
supervised application on design problems. The mentors for problems should ensure 
that the methods are followed, and the theories are understood in relationship to the 
problems. This procedure should ensure that graduates are familiar with the theory and 
its methods, that they can then ‘fall back’ to their knowledge to attempt ‘safety 
operation’ on a real problem, and rational learning to increase their level of expertise. 
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1 INTRODUCTION 
Engineering Design Science [1,2], initiated by Dr. Vladimir Hubka, was developed 
from the mid-1960’s to the present. Significant advances are obvious, compare [3]. In 
its current state [4], connections are made to other design disciplines, and to the needs 
and constraints of society. 
Concerning the concepts of science, Diamond [5] explains:  
“How can one study the collapses of societies ‘scientifically’? Science is often 
misrepresented as ‘the body of knowledge acquired by performing replicated controlled 
experiments in the laboratory’. Actually, science is something much broader: the 
acquisition of reliable knowledge about the world (italics by Eder). In some fields, such 
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as chemistry and molecular biology, replicated controlled experiments in the laboratory 
are feasible and provide by far the most reliable means to acquire knowledge. ... 
When I began studying birds in New Guinea rainforest in 1964, I was immediately 
confronted with the problem of acquiring reliable knowledge without being able to 
resort to replicated controlled experiments, whether in the laboratory or outdoors. It’s 
usually neither feasible, legal, nor ethical to gain knowledge about birds by 
experimentally exterminating or manipulating their populations at one site while 
maintaining their populations at another site as unmanipulated controls. I had to use 
different methods. Similar methodological problems arise in many other areas of 
population biology, as well as in astronomy, epidemiology, geology, and paleontology.” 
Similar considerations apply to design research, collecting and interpreting information 
about designed objects, and about design processes, especially concerning design 
engineering of technical process and tangible objects (systems). Design engineering 
differs from artistic design: 
(a) by necessitating the formal or intuitive application of engineering sciences; 
(b) by allowing several abstract models of structures – transformations, technologies, 

functions, organs, constructional layout, constructional detail, constructional 
assembly;  

(c) by scientifically defining the commonalities among all technical processes and 
systems, and clarifying their relationships to organizations, societies, cultures, 
environments, etc. [1,2,4]. 

 
2 SUBJECT – THEORY – METHOD 
Research and formulation of theories may be classified into ‘fundamental’ or ‘applied’. 
Research for human activities, aimed at generating knowledge and plausible scientific 
theories, follows four parallel paths [4]:  
(1) the classical experimental, empirical way of independent observing, e.g. by 

protocol studies, experiments, etc.: describing, abstracting, modelling, and formu-
lating hypotheses and theories – yet observations can only capture a small 
proportion of thinking, usually over short time-spans;  

(2) participative observation, the observer is a member of the design team and takes 
part in the observed process, e.g. [6] – observations may be biased by the 
observer’s participation in the process;  

(3) the reconstructive, detective way of tracing past events and results by looking for 
clues in various places [7] – reconstructions can never fully capture the original 
events, human memory is limited, records of information about events are stored 
in many separate ‘chunks’ at different locations in the brain, and need to be re-
constituted for recall; and  

(4) the speculative, reflective, philosophical way of hypotheses, theories, modelling, 
and testing.  

In ‘designing’ as a subject for research, the empirical ways include elements of self-
observation, and impartial observation of experimental subjects, humans and/or objects. 
None of these paths can be self-sufficient, they must be co-ordinated to attain internal 
consistency and plausibility. 
As formulated in cybernetics [8], ‘both theory and method emerge from the 
phenomenon of the subject’. A close relationship should exist between a subject (its 
nature as a concept or product), a basic theory (formal or informal, recorded or 
internalised in a human mind), and a recommended method – the triad ‘subject – theory 
– method’. The theory should describe and provide a foundation for explaining and 
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predicting ‘the behaviour of the (natural or artificial, process or tangible) object’, as 
subject. The theory should be as complete and logically consistent as possible, and refer 
to actual and existing phenomena. The (design) method can then be derived from the 
theory, and take account of available experience. A better theory should allow 
formulation of a better method. 
 
3 DESIGN PROCESS OPERATION 
According to Müller [9], three kinds of action modes exist in design engineering:  
(A) Normal operation (intuitive, second nature procedure, routine) runs activities from 

the subconscious in a learned and experienced way, at low mental energy, giving 
an impression of competence [10,11,12]. If difficulties arise, the action departs 
from the normal, and higher energy is needed.  

(B) Risk operation uses the available experiences (and methods) together with partially 
conscious rational and more formalized methods, in an unplanned trial and error 
behaviour, which can occasionally be very effective.  

(C) Safety or rational operation needs conscious planning for systematic and 
methodical work, with conscious processing of a plan, because competence is in 
question, but this mode must be learned before attempting to use it. 

Normal, routine, operation is mainly preferred and carried out by an individual. Risk 
operation tends to demand team activity, the task becomes non-routine, consultations 
can and should take place – ‘bouncing ideas off one another’, obtaining information and 
advice from experts, reaching a consensus on possibilities and preferred actions, etc. 
Consultations are best if the participants are of approximately equal experience or 
status, or if there is a large gap in experience from questioner to consultant. Personal 
contact tends to be quicker at lower mental energy than obtaining information from 
(written) records [9,13]. 
Non-routine situations often produce critical situations in a design process 
[14,15,16,17], e.g. during: (a) defining the task, analysis and decisions about goals; (b) 
searching for and collecting information; (c) searching for solutions; (d) analysing 
proposed solutions; (e) deciding about solutions; (f) managing disturbances and 
conflicts, individual or team. 
As a problem of design engineering appears less routine, designers need advice how 
they can proceed to overcome the barriers. Design engineering, especially with the help 
of Engineering Design Science [1,2,4], offers several theories, models of transformation 
processes and technical systems, methods derived from these theories, and connections 
to other pragmatically developed methods, that are generally not available to artistic 
design disciplines. But these models and methods must be familiar to the designer 
before he/she attempts to use them on a serious problem – this familiarity constitutes a 
problem for education. 
 
4 EXPERTISE 
As quoted in Dorst [18], Hubert Dreyfus [19,20] distinguishes seven levels of expertise, 
corresponding with seven ways of perceiving, interpreting, structuring and solving 
problems within an amalgam of three worlds – a theory world, a subjective internal 
world, and an objective external world: 
1. Novice: A novice will consider the objective features of a situation, as they are 

given by the experts, and will follow strict rules to deal with the problem.  
2. Advanced Beginner: For an advanced beginner the situational aspects are 

important, there is a sensitivity to exceptions to the 'hard' rules of the novice. 
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Maxims (especially heuristics) are used for guidance through the problem 
situation.  

3. Competent: A competent problem solver works in a radically different way. 
He/she selects the elements in a situation that are relevant, and chooses a plan to 
achieve the goals. This selection and choice can only be made on the basis of a 
much higher involvement in the design situation than displayed by a novice or an 
advanced beginner. Problem solving at this level involves the seeking of 
opportunities, of alternative candidate solutions, and of building up expectations. 
At this level of involvement the problem solving process takes on a trial and error 
character, and there is a clear need for learning and reflection that was absent in 
the novice and the beginner.  

4. Proficient: A problem solver that then moves on to be proficient immediately sees 
the most important issues and appropriate plan, and then reasons out what to do.  

5. Expert: The real expert responds to a situation intuitively; and performs the 
appropriate action straightaway. There is no problem solving and reasoning that 
can be distinguished at this level of working. This is actually a very comfortable 
level to be functioning on, and a lot of professionals do not progress beyond this 
point.  

6. Master: With the next level, the master, a new uneasiness creeps in. The master 
sees the standard ways of working that experienced professionals use not as 
natural but as contingent. A master displays a deeper involvement into the 
professional field as a whole, dwelling on success and failure. This attitude 
requires an acute sense of context, and openness to subtle cues. In his/her own 
work the master will perform more nuanced appropriate actions than the expert.  

7. Visionary: The world discloser or ‘visionary’ consciously strives to extend the 
domain in which he/she works. The world discloser develops new ways things 
could be, defines the issues, opens new worlds and creates new domains. To do 
this a world discloser operates more on the margins of a domain, paying attention 
to other domains as well, and to anomalies and marginal practices that hold 
promises for a new vision of the domain. 

The last sentence of ‘3. Competent’ needs further clarification. Progress from one level 
to a next higher level requires some learning and reflection – formal or informal 
learning by experience, obtaining relevant information from other people or 
publications, etc. This learning must of necessity include both object information about 
the (process and/or tangible) product being designed, and about design processes, i.e. an 
improvement of the mind-internalised theory. The ‘trial and error character’ is only an 
apparent phenomenon, it reflects a routine level of operation [9] where the applied 
theories, steps and methods are no longer conscious and externally recognizable. For the 
novice, almost all problems appear as requiring risk or safety operation.  
An ‘intuitive’ response from the ‘5. Expert’ is also expected, more or less at all levels of 
expertise, as the relevant theory and method becomes internalised to run routinely. 
Any one designer may show different levels of expertise for different types of problem, 
progression through these levels is not uniform. 
At each of these stages, advancement to the next higher level is possible by learning the 
necessary object and design process knowledge, preferably in a non-threatening envi-
ronment. Only a few engineering designers need to reach the higher levels – but all 
engineering graduates should be exposed to Engineering Design Science [1,2,4]. 
Especially for design engineering, the theories, models and methods of Engineering 
Design Science offer a basis for organizing, and learning this knowledge in context. 
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5 EMPIRICAL FINDINGS? 
Validation of the statements in this paper is difficult. They are based mainly on the 
author’s experience. He was employed in design engineering in industry for ten years – 
B.C. (before computers). Since then he has attempted to induce learning about design 
engineering at various universities in Great Britain and Canada – 19 years from 
pragmatic interpretation of his experience, plus interaction with others, and 26 years 
based on the theories of Vladimir Hubka [1,2,4], whilst helping to develop these 
theories and the appropriate methods coordinated with them – ‘subject-theory-method’. 
The statements result from self-observation, observation of students, participation in 
theory development, participation in scientific conferences on design engineering, and a 
tendency of the author to attempt to relate various theories and experimental results to 
each other and to the Hubka proposals [1,2,4]. Experimentation on students was usually 
not possible or permitted. The findings must be regarded as anecdotal – but if wisdom 
can occur with old age, then maybe it can be allowed to justify the expressed views.  
 
6 CLOSURE 
Consequently, education for design engineering should include the basic considerations 
of Engineering Design Science [1,2,4], especially the underlying theory, and the 
recommended methods. This should also clarify for the student the understanding, need 
for and context of the engineering sciences. Instruction in this comprehensive form 
should progress throughout the educational curriculum, by exposure to the theory and 
by supervised practical application on engineering design problems. The mentors for the 
practical problems should ensure that the methods are followed, and the theories are 
understood in relationship to the problems. This procedure should ensure that graduates 
are sufficiently familiar with the theory and its associated methods, that they can then 
‘fall back’ to their knowledge to attempt ‘safety operation’ on a real problem, and 
rational learning to increase their level of expertise. 
 
REFERENCES 
[1] Hubka, V. and Eder, W.E. Theory of Technical Systems (New York: Springer_Verlag, 

1988) 
[2] Hubka, V. and Eder, W.E. Design Science: Introduction to the Needs, Scope and 

Organization of Engineering Design Knowledge (London: Springer-Verlag, 1996) 
http://deseng.ryerson.ca/DesignScience/ 

[3] Eder, W.E.  Mechanical Engineering Design. In P.J. Booker (ed), Conference on the 
Teaching of Engineering Design (Inst. Eng. Designers, London, 1964) 191-215 

[4] Eder, W.E. and Hosnedl, S. Design Engineering: A Manual for Enhanced Creativity (Boca 
Raton: CRC-Press, 2008) 

[5] Diamond, J. Collapse: How Societies Choose to Fail or Succeed (New York: Viking – 
Penguin Group, 2005) 

[6] Hales, C. Analysis of the Engineering Design Process in an Industrial Context 2 edn. (1 
edn. 1987), (Winetka, IL: Gants Hill Publ., 1991) 

[7] Nevala, K. Content-based Design Engineering Thinking, Academic Dissertation, 
(University of Jyväskalä, Finland, Jyväskalä: University Printing House, 2005) 
http://cc.oulu.fi/~nevala 

[8] Klaus, G. Kybernetik in philosophischer Sicht (Cybernetics in Philosophical View) 4th edn., 
(Berlin: Dietz Verlag, 1965) 

[9] Müller, J. Arbeitsmethoden der Technikwissenschaften – Systematik, Heuristik, Kreativität 
(Working Methods of Engineering Sciences, systematics, heuristics, creativity), (Berlin: 
Springer-Verlag, 1990) 



EPDE08/014 

[10] Eder, W.E. and Hubka, V. Curriculum, Pedagogics, and Didactics for Design Education. In 
WDK 28: Proc. International Conference on Engineering Design, ICED01 Glasgow, Vol 4, 
2001, London: IMechE, 285-292 

[11] Pahl, G. (scientific director) Ergebnisse der Diskussion (Results of the Discussions). In G. 
Pahl (ed.), Psychologische und Pädagogische Fragen beim methodischen Konstruieren: 
Ergebnisse des Ladenburger Diskurses vom Mai 1992 bis Oktober 1993 (Psychological and 
Pedagogic Questions in Systematic Designing: Results of a Discourse at Ladenburg from 
May 1992 to October 1993), (Köln: Verlag TÜV Rheinland, 1994) 1-37 

[12] Pahl, G. Transfer Ability as Educational Goal – Results of a Discourse at Ladenburg, in 
Eder, W.E. (ed.) WDK 24 – EDC – Engineering Design and Creativity – Proceedings of the 
Workshop EDC, Pilsen, Czech Republic, November 1995 (Zürich: Heurista, 1996) 133-138; 
and Hubka, V. (ed.) WDK 23 – Proc. International Conference on Engineering Design – 
ICED 95 Praha,(Zürich, Heurista, 1995) 247-252 

[13] Ahmed, S. and Wallace, K. Identifying and Supporting the Knowledge Needs of Novice 
Designers within the Aerospace Industry, Jnl. Eng. Design, 15(5), 2004, 475-492 

[14] Frankenberger, E., Badke-Schaub, P. and Birkhofer, H. Factors Influencing Design Work:  
Empirical Investigations of Teamwork in Engineering Design Practice. In Riitahuhta, A. 
(ed.) WDK 25 – Proc. ICED 97 Tampere (Tampere University, 1997) 2/387-392 

[15] Frankenberger, E. and Badke-Schaub, P. Integration of Group, Individual and External 
Influences in the Design Process. In Frankenberger, E., Badke-Schaub, P. and Birkhofer, H. 
(eds.), Designers: The Key to Successful Product Development, (Berlin/Heidelberg: 
Springer-Verlag, 1997) 

[16] Frankenberger, E. (1997) Arbeitsteilige Produktentwicklung (Product Development with 
Task Distribution), Fortschrittsberichte VDI Reihe 1, Nr. 291, (Düsseldorf: VDI, 1997) 

[17] Frankenberger, E. and Badke-Schaub, P. Role of Critical Situations in Design Processes and 
Education. In Proc. WDK International Workshop PDE – Pedagogics in Design Education, 
(Pilsen: West Bohemia University, 1998) on CD-ROM 

[18] K. Dorst and Reymen, I. Levels of expertise in design education. In Proc. International 
Engineering and Product Design Education Conference, 2-3 September 2004 (Delft, The 
Netherlands, 2004) 

[19] Dreyfus H.L. From Socrates to Artificial Intelligence: The Limits of Rule-Based 
Rationality, unpublished lecture notes of the first 2003 Spinoza Lecture at the University of 
Amsterdam, 2003.  

[20] Dreyfus H.L. Can there be a better source of meaning than everyday practices?, unpublished 
lecture notes of the second 2003 Spinoza Lecture at the University of Amsterdam, 2003. 

 
Professor Emeritus W Ernst EDER, Dr.h.c.  
Royal Military College of Canada (retired)  
107 Rideau Street 
Kingston 
Ontario 
Canada    K7K 7B2 

 

eder-e@kos.net  
x-1-613-547-5872  
 


