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JOSE FELIX TOBAR ARBULU =1-

« The one and the only condition, 1 believe, which is ne
cessary in order to secure for philosophy in the near future an 
achievernent surpassing all that has hitherto be accornplished 
by philosophers, is the creation of a school of rnen with 
scientific training and philosophical interest, unhampered by 
the traditions of the past, and not rnisled by the literary rnet
hods of those who copy the ancients in all except their rne
rits». 

Bertrand Russell 

Artifacts are the goal of technological design. The design of artifacts is not only peculiar· to 
engineering design, but to all kinds of technologies. 

Sorne characteristics of the design of artifacts are analyzed: frorn invention to production 
looking at the technological process, the optirnization problern, the evaluation, and the syste
rnic context in which design is performed, i.e. basic science, applied science, technology, 
sociology and econornics, production and art. 

Sorne technological and social problerns raised by the design of artifacts are analyzed. 

t is clear enough nowadays that science and technology are at the core of 
modern culture: both are determining factors for progress. Moreover, 

everything in our daily lives calls for and depends on an increased understan
ding of nature, life, ourselves, and of society. 

The problems facing the world are real and compelling. Although an 
extensive list of problems and subsequent discussion could easily occupy an 
entire volume, let us take a glance at the more urgent ones: 

* Ph. D. Engineering Master Philosophy of Science McGill University Montreal (Cana
da). 
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1. Political 
1.1 Threat of the final war. 
1.2 Militarism. 
1.3 Political unrest. 

2. Demographic 
2.1 Overpopulation: poor population distributiori; quality, as distin
guished from quantity, of population; increasing percentage of older 
people in the' population; malnutrition and starvation; poor health. 

3. Ecological 
3.1 Depletion of the Earth's natural resources: energy problems. 
3.2 Deterioration of the environment: destruction of productive 
land; pollution; endangered animal species. 

4. Economic 
4.1 Inequitable distribution of wealth: unequal opportunities. 
4.2 Limited prospects for economic growth. 
4.3 Inflation. 
4.4 Unemployment. 
4.5 Rapid obsolescence of classical industries and associated skills. 

At a time when the emphasis is on immediate economic improvements, 
support for basic research is more necessary than ever. We need more science 
and more technology than ever: this is a cultural challenge for our times, and 
perhaps the main challenge the industrialized societies face. This is because 
research and development (R&D) are essential to the solution of many of the 
problems that beset our society. Without advances in R&D, we cannot gain 
the scientific and technological information necessary for intelligent health, 
safety, and environmental regulations. We cannot produce goods in a safe 
and acceptable way. We cannot gain the knowledge of disease essential to its 
prevention and cure to broadly improve health care. We cannot make the 
transition to the new energy sources we will need. We cannot provide more 
efficient and safer m o des of transportation. W e cannot conserve our natural 
resources, or fínd new ones or substitutes. To deal with all these things 
requires vast extensions of our scientific knowledge (pure science) and tech
nological capabilities (technology) to perform them. 

Not only does «Science ennoble anyone who is enraged in it, whether 
scholar or merely a student», as Einstein pointed out but it is also with 
applied science and technology the means to find, among other goals, ways 
of sustaining and providing a decent standard of living for the more than six 
billion people who will inhabit the earth by the time we enter the twenty
first century. This is a goal that can no longer be achieved by exploiting the 
resources of the earth in the wasteful ways we have done so until now. We 
must also employ human brains to raise our level of efficiency in dealing'with 
such resources and avoiding undesirable side effects. Nature holds and un
told number of secrets, but once having discovered them via basic science, 
further research and engineering skills must be developed to apply what we 

1. Press (1980: 512). 
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have learned (Agassi 1983, Rescher 1980, Tobar 1984a). (Think of the fusion 
project and its peaceful development «The philosopher's stone» of our age). 

A similar expansion of knowledge is needed to understand more fully life 
itself, to improve our biological knowledge. Perhaps new discoveries may 
alter our conceptions of human health, of the production of food and of our 
relationship with the environment. More and better science and technology 
are essential. 

A global community, a supersystemic one, must rest on new economic 
and human relationships. Thus, a further and richer expansion of scientific 
knowlegde is needed in arder to overcome obsolete conceptions of econo
mics, polity and culture. New technologies, new industries, new products 
and services, new opportunities, and new means of making all this available 
to more people are expected everywhere. 

Last, but not least, is the question of arms control and disarmament, a 
«business» in which about half a million s.cientists and technologists are 
involved. Our share of higly explosive material is increasing more and more, 
and the world spends more than 600 billion dollars a year on further arma
ments as well as more than 30 billion dollars on the research and develop
ment of new ones. Thus expenditures «equal the annual income of almost 2 
billion people in the 36 poorest nations of the world»2• This is a problem 
which the scientific community must do something about. In Einstein's 
words: 

«Times such as ours have always bred defeatism and despair. But there remains, 
nonetheless, sorne few among us who belive man has within him the capacity to 
meet and overcome even the greatest challenges of his time. If we want to avoid 
defeat, we must wish to know the truth and be courageous enough to act upon it. If 
we get to know the truth and have courage, we need not despair»3. 

The systems approach rests on a systemic ontology according to which the 
world is a system composed of subsystems. The epistemology for this syste
mic approach combines realism with empiricism and rationalism. lts objeti
ves, like those of science and technology, are to understand, predict, and 
control. lts methodics includes analysis as well as synthesis and empirical 
testing. 

Since the problems of our society, -overpopulation and food, pollution 
and enviromental damage, energy resources and economic growth, urban 
conditions and health, unemployment and inflation, drugs and youth apathy, 
disillusionment with political processes, education an · so on-, cut across 
many disciplines, our approach to analyzing them should be interdisciplina
ry. Furthermore, a systemic approach to society (Tobar 1984b) should be the 
framework of an interdisciplinary approach to contemporary society's pro
blems. 

2. Press (1980: 517). 
3. Press (1980: 517). 
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In looking at technology and design it is impossible to gloss over the 
subject without recognizing the need for a multidisciplinary and interdisci
plinary approach to them. The dec.ision process in technology involves ex
tensive inputs which often require awareness of political science, human 
factors, general systems theory, law, management, finance, marketing, opera
tions research, and information technology as well as the appropiate sciences. 

Moreover, the design of artifacts itself raises sorne problems. Just think of 
the problems posed by the design of a new product. Is the revelant scientific 
knowledge reliable, and is it likely to be suffcient? Will the new product be 
radically new -that is, will it exhibit new emergent properties- or will it be 
just a rearrangement of existing components? (See Tobar 1984b). Shall we 
design the product so as to maximaze performance, social usefulness, profit, 
or what? 

The concepts of science and technology are now combined in most coun
tries, into the single concept «research and development», or R&D4 • We 
think that thi.s is a misleading and can be avoided by distinguishing between 
basic research and technological research. So, if technology represents the 
systematic utilization of scientific knowledge -this distinguishes modern te
chnology from the traditional arts and crafts- technological research is really 
the activity aimed at testing or modifying existing knowledge, while scientific 
research is the activity aimed at produCing new knowledge for its own sake. 
The purpose of technological research is the creation of services, knowledge, 
or products. Technological research can evolve from scientific research. 

The task of the technologist is to design an artifact or a procedure for 
actually producing new things or imporving natural or artificial ones. Whe
reas the original scientist, whether involved in basic or applied pursuits, is 
essentially a discoverer, the technologist is an inventor of artificial things or 
processes. It should be kept in mind that our concept of technology includes 
more than the traditional branches of engineering (Tobar 1984c). In fact we 
conceive of technology as the design of things or processes of possible practi
ca! value to sorne individuals or groups with the help of knowledge gained in 
basic or applied research. The condition that the design makes use of scienti-

4. Although there is a tendency to generalize when speaking of science and technology 
(S&T) and consider all S&T activity as belonging to a single whole, distinctions rnust be rnade 
arnong the R&D organizations and arnong types of research and technological activities. As 
Rornan (1980: 29) observes, 

8 

«it is cornrnon to speak of these two terms synonyrnously, but in fact they 
represent at leats two separate sets of operations and operacional problerns. Alt
hough in sorne instances, as in universities and nonprofit bodies, the fundamental 
focus is on research, it is unusual to find an organization that does only research or 
only developrnent. Most concerns engage in both activities, and there is a conti
nuing process as the product rnoves frorn scientific research, to technological re
search and then to production. However, sorne phases of scientific research, tech
nological research and production are usually taking place simultaneously within 
the total organizational structure». 
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fic knowledge distinguishes contemporary technologies from the traditional 
crafts. · 

If in previous stages of humanity sorne forro of technology has existed in 
every society, in a modern one, technology is dependent on scientific kno
wledge, and technological dynamic activities involve not only technological 
research, but also scientific one. Otherwise our knowledge would be stag
nant (See Agassi 19~3, Rescher 1980, Tobar 1984a). So, both kinds of re
search are necessary in modern society: basic scientific research and techno
logical research. 

In a increasing number of fields, design is carried out by research teams 
which adopt not only a disciplinary approach but also a ID:ultidisciplinary 
one involving a wide range of skills unlikely to be mastered . by a single 
individual5• 

5. The technological team is usually composed of scientists, technologists, technicians 
and craftsmen, apart from the designer himself. . 

With the increasing complexity of technology, it has become necessary for design to be 
performed by highly qualified people with specialized training. A project may include mecha
nical design, an advanced electronic system, chemical processes, therefore it may require many 
engineers, technologists, technicians, and craftsmen. 

While the scientist is a researcher who seeks to establish new theories and principies, and 
often has little concem for the application of specific principies that are being developed, the 
engineer's training in areas of science and mathematics, in addition to industrial processes, 
prepares him to apply the basic principies discovered by the scientist to practica! problems. 
The engineer is concemed with the conversion of raw materials and energy sources into 
needed products and services. (As Earle (1977: 6) points out, engineers must always be 
concemed with efficiency and economy in their designs to provide the greatest service to 
society). · 

The technologist may be a physiotechnologist, a chemotechnologist (both are commonly 
designed as engineers), a biotechnologist, a psychotechnologist, ora sociotechnologist. Tech
nologists are not merely concemed with producing knowledge, they help practicians trans-
form the world. · 

While from a pure or basic scientist we expecthim to assert that he has discovered X, from 
the applied scientist we expect that he has discovered X which seems to be useful in producing 
Y or prevent a noxious element Z. The task of the technologist will be to design an artifact or a 
procedure for actually producing Y or preventing Z. 

The technician is a technically trained individual who assits the technologist at a technical 
level under him. He is concemed with routine, practica! aspects of engineering whether at the 
planning or production stage. The technologist usually coordinates the activ.ities of severa! 
technicians. 

The craftsman supplies a technical skill that cannot be provided by the technologist or the 
technician. Craftsmen include electricians, welders, machinists, draftsmen, and many other 

typThe designer is that individual who has special talents for creating solutions to technical 
problems. The designer may be an engineer, an inventor, or even a very creative person 
without any formal train~g. A designer must define ~he problem. on the basis of needs, and 
develop and analyze solut1ons based on factors affectmg the requ1erements. . 

In dealing with problems of design we must remember that a technique, or special method, 
is a regular procedura for handling problems of restricted kinds. (The design of a new te¡;hni
que is more and more the work of a team of specialists). Techniques are means not ends: 
means for finding out things or getting things done. The goal is either .a bit of knowledge, a 
commodity, or a service. In any case, not all techniques are alike in accuracy. · 

Technicians perform best when they are components of teams led by productive arti.sts, 
technologists, scientists· or managers. This is so because in such case their work services a 
long-range goal and rece.ives the feed back necessary for correcting false moves. As a compo
nent of such a team a technician's thinkering may lead on to a new technique or to the 
discovery of a previous unknown category of facts. (See Wilson & Wilson (1970: 199-202)). 
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The general spectrum of research and development can be divided into: 
Basic research. 
Applied research. 
Exploratory development. 
Advanced development. 
Basic research has the purpose of increasing scientific knowledge. The 

investigator aims primarily ata deeper (or more comprehensive) understan
ding of the subject being studied. The investigator may or not (preferably 
not) be concerned with a practica! application of his findings. (Contrary to 
common use, we stress here that a clear separation between pure or basic and 
applied investigation is preferable). 

Applied research is research directed to the solution of a specific problem 
(e.g. cancer research). 

Exploratory and advanced development is the application of research. lt 
brings the findings of basic research to bear on materials, processes, systems 
and devices. 

Research and development (R&D) represents a substantial part of the 
GNP in industrialized countries {in the United States during the 1970s it was 
stabilized at approximately 2 to 2.3 percent of the Gross National Product 
(Roman 1980: 4). Let us recall, that the empirical rule of thumb for distribu
tion of R&D is as follows: for every $ 1 O of the total R&D budget, $ 1 is for 
basic research, $ 2 for applied research, and $ 7 for technological develop
ment. 

Pure Research 

~==< ~ 
/ Applied Research 

RESEARCH l 
~ / Exploratory Development 

Tecnological 1 

Research ~ • 

Advanced Development 

In the pure and applied research phases the scientific effort is conducted, 
for the most part, by small teams of scientists. These early phases are genera
lly characterized by a high failure rate, long research times, relatively low 
cost, work often performed in universities, or nonprofit organizations. There 
are exceptions such as sorne research in solid state physics, high energy 
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particles, molecular biology, nuclear fusion, etc. The initial phases in the 
creation of knowledge are usually the domain of scientists; managing scienti
fic research is far more difficult than managing technological research inas
much as the initial phases are far more intangible. Scientists' organizational 
attitudes differ from technologists' organizational attitudes: the scientist is 
interested in discovery, professional growth and peer approval. 

Basic research is a vital phase in developing scientific capability and pri
ming future discoveries; however, sorne industrial firms are reluctant to 
invent in this phase of knowledge creation. Therefore, it is a branch of 
research that can be supported, without externa! intervention, by govern
ments. Basic research has sorne distinct functions, (economic, social, and 
educational), that justify governmental support (Roman 1980: 47). Further
more; there are sorne benefits for society: applied science and technology 
advance, higher education profits, applied research and development benefit 
from clase association with basic research. In a world in which S&T, on the 
one hand, and R&D, on the other, are confused and mixed, we must stress 
the importance of basic.research in our days. · 

As mention~d in Tobar (1986), future institutions ought to be more 
pluralistic than those of today. There are already sorne examples of this, as in 
the Economic and Science Council of Canada, which although financed by 
the Federal Goverment, have been given a high degree. of independence. 
They are thus in a position even to criticize and comment of government 
bias es. 

Technological research, the big part of R&D, is usually performed by 
large organizations. In the advanced phases of the technological spectrum, 
industry is often an active participant, at times with the government as a 
cosponsor, and at times acts independently. In the advanced phases of tech
nology, technologists rather than scientists are more involved or responsible 
for accomplishing objectives. 

The main objetives in technological research are the following: 

(i) 

(ii) 

(iii) 

(iv) 

(v) 

(vi) 

(vii) 

(viii) 

Furthering knowledge ?Y discovery and invention. 

Improving existing products. 

Finding new uses for· existing products. 

Developing new products. 

Improving production processes. 

Finding potential uses for by-products or waste products generated 
by present production methods. 

Studying competitors' products. 

Providing technical service to functional departments in R&D orga
nizations. 

The research and development operation can perform one, severa!, or all 
of these tasks. 
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JOSE FELIX TOBAR ARBULU 

The main stages of the technoeconomic process can be classified in the 
following way: 
(i) Invention. 
(ii) Technological design of artifacts. Development: Production of pro

totypes and their testing. 
(iii) 
(iv) 
(v) 
(vi) 
(vii) 

Design of the production process taking into account side effects. 
Production and evaluation of the final product. 
Marketing or distribution. 
Utilization. 
Elimination. 

Invention will be analyzed in Section 4.1 and design as a technological 
problem will be dealt with in Section 5. For the evaluation of the product see 
Section 4.2 The design of production processes · is another specific field of 
technologists. In order to evaluate side effects one must recall the so-called 
'technology assessments' (TA)6• Marketing and distribution can be studied 
within economics. Utilization can involve psychological, sociological, and 
sociopsychological studies of needs and values. Finally, elimination is the last 
stage under the pressure of technological advances and changing habits: more 
and more products become obsolete as a result of research and development. 
(See the interaction of technology, obsolescence, and design by F.J. Kiesler in 
Fig. 1). 

Invention is a creative act and the investigation of technical creativity is 
analogous to similar studies in such fields as art and, science and technology. 
Both in science and in technology creativity is essential. 

Those who praise the arts for being imaginative and deprecate the scien
ces and technologies, must be reminded of the beauty and enormous imagi
riation involved in scientific research or in technological development. Crea
tive imagination is richer in science than it is in the arts, because it has to 

6. As long as technologies have an effect on the environment, assessments of technology 
are needed. Until recently Technology Assessment (TA) was based on narrow considerations 
of technical efficacy and immediate, direct and observable results. However, increasing kno
wledge of the indirect imp_acts of technology upon society and the environment has led to a 
systematic study of the effecs of technology. 

The main task of T A is to forecast the range of possible effects of technology so as to 
clarify the different options available. That is, it systematically examines the possible effects on 
society and on its ecological environment when a technology is introduced, extended or 
modified. 

Hetman (1973) points out that in the United States the main areas in which technology 
studies have been undertaken are food, housing, biomedicine, energy, transportation, and 
nuclear energy. 

For the objectives, procedures and methods, historical background and importance of TA 
see Roman (1980: 126-136). 
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Fig. 1 

In short', the total development cycle can be drawn as folios: 

design 2 

research 1 3 production 

elimination 6 4 distribution 

5 utilization 

Fig. 2.-(Development cycle by K. Lomberg~Holm and C. Th. Larson). 
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transcend sense experience and common sense; and it is more exacting, be
cause it has to transcend the self and must try to be truthful. 

In spite of their enormous variety, all sciences share the goal of knowing, 
while all technologies share the ailli of using knowledge -scientific knowled
ge in modern technology- for the design of artifacts. The former search for 
truth is endless, (as Einstein stated: « The deeper the search, the more we find 
there is to know, andas long as human life exists, I believe it will be always 
so»), and sorne of its products, the great theories that change our world 
outlook, are as poetic as poetry can be. (See more in Weschsler 1978 and 
Smith 1970, 1976). 

If the requirements of usefulness, reliability, profit, and low cost are 
superimposed on truth, we have modern technology. For the scientist the 
best knowledge is embodied in true and deep theories; for the technologist, 
on the other hand, theories must be sufficiently true for practial purposes in 
the design of artifacts to control or supplement the world. For one (the 
scientist) knowledge is a goal in itself, while for the other (the technologist) it 
is a means to an end. F.or the technologist nature is a resource that can be 
improved by the design an production of artifacts. 

In both cases invention is necessary. That technological invention is not 
in any sense inferior to scientific creation can be shown by taking a glance at 
the literature of the History of Technology (see Singer et al., 1954-1978). 
Invention, in turn, calls for imagination. No science, whether pure or ap
plied, or technology is possible without creative imagination. (The main 
difference between this kind of imagination and artistic imagination is that it 
faces a more formidable task in that it must be checked by theory and 
experiment). 

On the other hand, our knowledge of the act of invention is limited: we 
are still largely ignorant of the history of technology, in spite of recent 
serious attemps7• Little is known about the origins and impact of many 
inventions that we take for granted -think of the invention of the wheel and 
the revolution it produced- without realizing the enormous complexity of 
the innovative process. 

From a psychological anda sociological point of view, it is reasonable to 
believe that while the individual inventor may be motivated by various kinds 
of personal incentives, as well as sociocultural ones, the successful introduc
tion and application of his invention is controlled more by social, economic, 
and cultural forces. There are, then, sorne steps between invention -the first 
concept, model, technical device, process- and innovation, its eventual intro
duction as part of the technological workings of society. 

As pointed out above, nowadays people recognize that it would be im
possible to dam the wellsprings of human creative imagination and that 
society is badly in need of further innovation if only to mitiga te the antisocial 
effects of previous technological applications. If we are to cope successfully 
with problems of the environment, poverty, disease, and raise the standards 
of living of people throughout the world, we must know what the incentives 

7. See; for instance, Techonology and Culture, Technology in Society, Science, Technolo
gy and Human Values, lnterciencia, Research in Philosophy and Technologj, Technology 
Review. 
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to invention and the conditions for developing it are (See Roman 1980: 
351-358). 

A material product can be measured, subjected to comparison, and eva
luated. Sorne products provide the benefit of generating knowledge which 
can lead to the development of additional processes or products related to it. 
Evaluating products which have little or no direct commercial application is 
difficult. But in this case, knowledge must be measured in term of mission 
requirements and accomplishment. 

The evaluation of a product has many aspects: it can be graded by the· 
scientist or technologist according as to how well it exemplifies the scientific 
principies involved. Financiers, on the other hand, may evaluate it according 
to its profitability. The marketi!lg division. may estim~te its sales potential, 
share of the market, and potenttal as a veh1cle for selhng other products. 

The main elements in product evaluation are the following: 

1. Technical criteria 
a. Feasibility 
b. Reliability 
c. Performance - operating characteristics 
d. Structure 
e. Design 

2. Production criteria 
a. Reasonable specifications 
b. Material 
c. Productibility 
d. Standardization 

3. Financia! criteria 
a. Production and development costs 
b. Growth potential 
c. Related capital investment 
d. Profitability 

4. Marketing criteria 
a. Unique product characteristics 
b~ Price 
c. Performance 
d. Potential market 

5. Management criteria 
a. Product life expectancy 
b. Contribution to objectives 
c. Profit 
d. Prestige 
e. Relationship to other product activity 
f. Resource requirements 

6. Customer criteria 
a. Price 
b. Quality 

[11] 15 
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c. Performance 
d. Safety features 
e. Repairability 
f. Operating costs 

Engineering Materials and Design devotes, in every issue, a section to 
«Ideas and Applications in Design» and another one to «Design Evaluation». 
(See also Design, Design News, Industrial Design Magazine, and Materials 
Engineering). 

In R&D there is little precedent of using past work as a basis for evalua
ting present performance, while in commercial firms profit has been used to 
asses organization effectiveness. But this kind of assessment cannot be taken 
in R&D asan indicator of performance. As Roman (1980: 37) observes, 

«R&D can be a tremendous intangible benefit or a staggering liability, but 
present tolls are inadequate to weigh either conclusively. Applying reliable criteria 
for measuring and evaluating R&D effectiveness would be an important step in 
managing the S&T process. What is desirable and necessary as an ultimate goal is a 
correlation base for input-output relationships». 

In the process of design we transform sorne physical, chemical, biologi
cal, or social system into another one displaying arder, organization, or form 
in response to a given function. · 

In dealing with design we face a situation that is very common in all fields 
of inquiry, namely that of synthesis. While the analyis problem is: Given a 
system (knowing or assuming its composition, environment, and structure) 
find its behavior. The inverse problem is that of synthesis: Given a desired 
behavior find or design a system that can perform it. For example, find a kind 
of machine, or a social system that will behave in a prescribed way or achieve 
given goals. 

Generally, the problems of technology and social action are synthesis 
problems. While a direct problem may be given a social policy, find the state 
of the society resulting from its application, an inverse problem may be given 
a desirable state of society, find a policy likely to achieve it. (U sually in verse 
problems have multiple solutions). 

While the scientist analyzes reality, trying to model it in ever greater 
detail, the technologist uses the results of these analyses to synthesize: The 
problem of design is a problem of synthesis ( of forms, circuits, molecules, 
social groups ... ). 

Our problem, as designers, is to analyze the «game» of synthesis: given a 
behavior, ora context, find the prototype, or the artifact, that fits in it. In this 
«game» the concept of fitness must be taken into account. 

Definition. Fitness is the relation of mutual adaptation between an artifact 
and its environment in a background of knowledge, for a concrete popula
tion ( either physical, chemical, biological, or social), with sorne needs in 
arder to achieve certain goals, and in fixed .circunstances. 
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(Thus, while for sorne physical systems a frictionless contact may be 
desirable, a social system needs the combination of equity with participation 
in the interest of a social coherence and therefore stability). 

Every design problem begins with an effort to achieve fitness between the 
artifact to be designed and the context. 

The concept of «fitness» in biology, particularly in genetics and evolutio
nary theory, denotes a special case of a system being related to its environ
ment. While in nature there is no such a thing as teleology, every artifact is 
teleologically oriented (The task of technologists is to 4esign artifacts for a 
concrete aim or goal. When dealing with design we answer 'The purpose of X 
is Y' to the question 'What is X for?'). 

If we focus our attention on a single mode of being (technological) and on 
a single mode of becoming (purpose) we get a particular ontology: 

M ode of being 

Technological 

Ontology 

Machinism 

Mode of Becoming 

Purpose 

Ontology 

Teleology 

(Recall here again the distinction between artifacts and natural beings: 
while a computer is an artifact, a brain is not). · 

The adequacy of the design depends upon the degree to which the artifact 
fits in with its environment, apart from the (intrinsic) adequacy of the artifact 
itself. Planning or design, on the other hand, depends on the question that is 
being asked and on the context of the question. For example, on the available 
theoretical background, on the techniques at hand, on the kind of data expec
ted, and on the required accuracy. But even more than that, the same artifact 
can belong to different contexts. (Let us take a look at the design of a simple 
teakettle: it will be different if the external boundary is a table, a part of a 
given room, a room, oran entire house). The designer can push the context 
back to whichever boundary he wishes, even including the whole universe. 
On the other hand, the artifact relies ori its own inner organization, and on 
theinternal fitness between the pieces it is made of to control its fit as a whole 
to the context outside. 

The artifact is a material or concrete thing over which we ha ve control8, 

arid which we decide to shape, while leaving the rest of the world as it is, but 
looking at the effects -including side effects-, that the use of the artifact in 
question may produce on its environment (This environment or context is 
that part of the concrete world which puts demands on the artifact). 

The design process will result in the best solutionfossible with regard to 
sorne given specifications. In fact, the very task o designers consists in 

8. Technology is a field of knowledge, different from technological products or arti~ 
facts. This distinction between technology and technological artifacts is mentioned here if only 
because many authors (Ellul, Winner ... ) do not make it. Expressions like 'autonomous techno
logy' are the result of an unclear distinction between the knowledge that allows us to produce 
artifacts and the artifacts themselves. 

If we do not make this distinction, problems arise immediately. For us, however, there is 
no such a «thing» as 'autonomous technology' because we design artifacts controlling them: 
All artifacts are man-made, and have to be tested in order to determine their efficiency, and 
side effects. (See Tobar 1984b). 
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providing the optimal means for attaining given ends in view of the condi
tions at hand. When dealing with optimal design, sorne questions arise: What 
distinguishes an optimal design from non-optimal one? Is it possible to 
optimize every aspect at the same time, or must we pay a price in other 
respects every time we optimize an artifact in a given respect? In practice, 
however, one need not always perfect optimization. In many cases it is 
possible to get the goals by ensuring that the system will perform its function 
in a satisfactory manner. However, as Duggan (1972: 8) points out, more and 
more «the qualities and capabilities required of the designer are considerable, 
demanding creative talent or inventiveness; the ability to thing logically; a 
good knowledge of engineering science coupled with interdisciplinary abili
ty; mathematical skill and proficiency in engineering analysis; a knowledge 
of mat~rials and production methods; a feeling for aesthetic qualities and. 
ergonomic considerations; ... » among others (See also Matousek 1963 and 
Dixon 196"6). 

Before time, effort and finance are commited to pursuing a particular 
project in depth, it is necessary to establish whether or not the project is 
feasible: namely afeasibility study must be carried out (See Section 5.1). Only 
after this study has been completed it is possible to develop broad designs 
which might satisfy a given need. Once the needs have been determined 
(from a market survey, directly from a customer, or whathever), the purpo
seful inpu,ts to the system must be deduced from the desired outputs and will 
be very much dependent upon the type of system or artifact adopted. This 
analysis approach may be represented by the following black-box: 

Constraints 

on 

inputs 

Purposeful 
inputs ~ 

enviromental 
and ~ 
uncontrolled 
inputs 

Desired 
Artifact ~ outputs 

or 

System ~ Undesired 
outputs 

Constraints on artifact 
or sytem 

Overall objectives and design criterion 

Fig. 3 

Constraints 

on 

outputs 

The «black-box» represents the artifact desing process, and is completely 
undefined at this stage. lt is at this very early stage in original design that a 
high dose of creativity is called for in order to formulate more precise ways 
of satisfying given needs. As shown in Fig. 3, unintended inputs consist of 
environmental or uncontrolled influences, not planned in view of the outputs 
aimed at. The undesired outputs can be positive, neutral, or negative. We will 
try to eliminate or, at least, to decrease the negative ones. Usually this is done 
in the detailed design (See Section 5.2). 
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If we consider the design of artifacts as a concrete, specific problem, the 
following phases are to be considered: 

1. The conceptual phase. 
2. The formative phase. 
3. The operational phase. 
4. The terminal phase. 

The conceptual phase can start with a feasibility study. For instance, for a 
project with consumer goods potential it can begin with market research and 
financia! analysis and finally m ove on to an exploration of technical feasibili
ty. In this phase sorne information is needed, and sorne technical feasibility 
that involves the concept of efficiency, evaluation and control. 

In this first phase we may start from interna! proposals. A solicited 
interna! proposal may result from a request by management for an estimate 
of the size of the project in terms of technology, time, and cost. Manage
ment's interest may be to develop a new product, solve technical problems, 
or sorne other such aim. The manager must evaluate the potential benefit of 
the proposed project to the organization. For instance, the organization can 
ask (Roman 1980: 411-12). 

«What is the current work load? Would the commencement of this project 
infringe on work already planned or begun and still considered necessary? What 
resources are available? Should other effort be curtailed or terminated? Does the 
project have immediate application? What generally useful knowledge could accrue 
to the entire organization? Is there a comparative lull in operations which could 
profitably be filled by this project? Also, what effect on interna! morale and techni
cal capability would it have?». 

Futhermore, we have to take into account externa! proposals as well: 
external proposals are made in response to the possible authorization of a 
project from another organization. 

Proposal coordination brings together the various organization functions 
that contribute to the objectives of the project. A completed proposal covers 
most of the following information: 

1. Project description 
a. Purpose 
b. Technological goals 
c. T echnological approach 
d. T echnological services 

2. Specifications 
a. Performances 
b. Objectives 

3. Facilities required 
4. Quality specifications 
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5. Schedule commitements 
a. Key mileposts 
b. Cost estímate 
c. Budget allocations 

6. A brief dossier of the key personnel (Roman 1980: 412-3) 

The conceptual phase will include feasibility studies on the practicality of 
achieving the project objectives. Studies may also be made of various designs 
for the project. If preparation is very expensive and time consuming, a com
pany may not accept an invitation to bid, because the project does not 
coincide with company objectives, available resources, or technical capabili
ty. But if the project does coincide we move to the next phase. 

The formative phase of the project begins after the program has official 
approval. The approved project plan will have to take into account possible 
deviations and changes from the initial one. Budgets will now be carefully 
planned and allocated to the different parts of the organization. There must 
be considerable coordination in this phase to make sure that each function is 
aware of its obligations and that objectives are understood. This is a bridge to 
the next stage. 

The operational phase of the project spans the activity directed toward the 
attainment of project objectives. In project operations, organization is predo
minantly along functionallines. Functional areas are segregated, and any area 
may be carrying out many work assignements from many different projects 
at a given time. Managers must solve the technical problems and coordinate 
the activity related to project objectives within organizational constraints. 
Progress of the various functional areas in line with project objectives must 
be evaluated. In the operational phase, individual skills or services are the 
primary products (Roman 1980: 416). The project manager can huy services 
within the immediate organization or may on occasion go to outside sources 
if in-house capabilities do no meet needs. 

In the terminal phase of the project, information iscompiled, assimilated, 
analyzed, and presented to the customer as a final report. At this stage it is 
usual to make an accurate assesment of the project's accomplishements. 

The detailed design deals with optimization, after feasibility studies and 
preliminary design considerations. As mentioned above, the design of any 
artifact is a technological problem of · synthesis. We take technology in its 
brodest sense, taking for granted that all the technologies -from physiotech
nology to chemotechnology to biotechnology to sociotechnology- share the 
goal of using knowledge in the design of artifacts. We have also observed that 
projects must be technologically feasible. (In a broader sense they have to be 
financially feasible as well (Aguilar 1973: Ch. 2)). 

There are severa! modern approaches to the synthesis problem of design: 
Aguilar (1973: 5-10), Earle (1977: Ch. 2), Jorres (1963; 1970), Esherick 
(1963 ), Gregory (1966 ), Ostrofsky (1977), and the pioneer Alexander among 
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others9 • Most of the mentioned authors have tried to solve the problem of 
design from their own approaches as engineers or architects. They have also 
tried to systematize their approaches. Thus, Jones (1963: 55) for instance 
divides the stages of a systematic design as follows: 

1. Analysis 1.1 Random list of factors 
1.2. Classification of factors 
1.3. Sources of information 
1.4. lnteraction between factors 
1.5. Peformance specifications 
1.6. Obtaining agreement 

2. Synthesis 2.1. Crea ti ve thinking ( clear statement of the problems, 
and free atmosphere for ideas) 

2.2. Partial solutions 
2.3. Limits 
2.4. Combined solutions 
2.5. Solution plotting 

5 3. Evaluation 3.1. Methods of evaluation 
3.2. Evaluation for operation 

for manusfacture 
for sales 

9. lt is interesting to note how Alexander, a pioneer in the field of design, has changed 
his views sin ce 1964: 

He claimed that there was an important underlying structural correspondece between the 
pattem of a problem and the process of designing a physical form which solves that problem 
(Alexander, 1964). His thinking was based on the premise that «it is not only the result which 
is important, but the process too» (1964: 133). That is, the form of the path which leads toa 
solution is just as important as the solution itself. 

Essential to the process of design is the search for fitness between form and context. 
Alexander tries to avoid the trial-and-error method of achieving a good fit by using a formal 
method to improve the process so that the number of misfits is reduced. 

However, Alexander himself soon modified his position. The criticism of his early models 
of the design process can be summarized in the following way (Bazjanac 1974: 8): 
a) design is not a strictly sequential process, and 
b) a linear step-by-step procedure applied to them cannot by itself yield any solution. 

Alexander (1965a, 1965b) admitted that the interrelations found in an urban environment 
are much more complex than a tree structure can depict, and in an attempt to save the concept 
of decomposition, tried to substitute the tree structure with a semi-lattice, because «when we 
think in terms of trees we are trading the humanity and richn~;ss of living city for a conceptual 
simplicity which benefits only designers, planners, administrators and developers» (1965 b: 
61). «The semi-lattice, by comparison, is the structure of a complex fabric; it is the structure of 
living things» (1965 b: 58). In analyzing a city for instance, «it is not true that these systems 
exist in isolation, cut off from the other systems in the city. The different systems overlap one 
another, and they overlap many other systems besides» (1965b: 59). · 

Later, Alexander (1971a) acknowledged the complete failure of the concept of decomposi
tion in improving the quality of design solutions. And in the «Preface to the Paperback 
Edition» (1971b) we can read: 

[17] 

« ... In this book 1 presented the diagrams as the end results of a long process; 1 
put the accent on the process ... 

«1 found that the diagrams themselves had immense power, and that in fact, 
most of the power of what 1 had written lay in the power of these diagrams. 

«The idea of a diagram, or pattern, is very simple. lt is an abstract pattern of 
physical relationship which resolves a small system of interacting and conflicting 
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Analysis, for J ones, is the listing of all design requirements and the reduc
tion of these to a complete set of logically related performance specifications. 
Synthesis is the finding of possible solutions for each individual performance 
specification and building up a complete design from these with the least 
possible compromise. Evaluation is appraising accuracy with which alterna
tive designs fulfill performance requirements for operation, manufacture and 
sales before the final design is selected. 

Let us try to develop, however, our own approach to the problem of 
design. In seeking to clarify the issues involved here, our aim is to do the job 
of a metatechnologist or technophilosopher: to raise questions, to sharpen 
our focus on the issues, and to indicate considerations that must be taken into 
account. Todo this is not necessarily to provide answers or solutions, but to 
focus on philosophical problems related to the problem of design. Here we 
will deal with the technological problems of design. (The design or planning 
of production in the case of artifacts, or the design of the implementation in 
the case of social programs are not treated here although they can be conside
red as design problems. Our task, then, will be to analyze the process of the 
design of an artifact or a procedure for producing or preventing something. 
Marketing will not be treated either). . 

As Alexander (1964: 26) observes, 

«in the case of a design problem ... we do not have a description of the context, 
and therefore have no intrinsic way of reducing the potentially infinite set of 
requirements to finite i:erms. Yet for practica! reasons we do need sorne way of 
picking a finite set from the infinite set of possible ones». 

Thus, we can pick a finite set of requirements, test them and go on 
looking for the optimum artifact for the given context. (It is clear that every 
artifact is perfectible with the development of science. One of the task of the 
designer, among others, should be to improve artifacts taking into account 
the development of the science at the moment10). 

forces, and is independent of all other forces, and of all other possible diagrams. 
The. idea that it is possible to create such abstract relationship one at a time, and to 
create design which are whole by fusing these relationships - this amazingly simple 
idea is, forme, the most important discovery of the book». 

From then on, Alexander has radically departed from his decomposition model of the 
design process. He discovered that a designer can go directly to diagrams without any explicit 
decomposition (1971a: «Preface to the Paperback Edition» ). He retained the concept of dia
grams or patterns (Alexander 1968, 1975, 1979, 1981 ), but the diagrams are no longer a result 
of rigorous analysis. Nor is the design process any longer divisible into clearly separable 
phases of analysis and synthesis. 

Alexander's patterns (1968: 2 & 15) read like this: 
«If the condition X occurs, THEN we should do Z, in order to solve the PROBLEM Y», 

where X defines a set of conditions, Y defines sorne problem which is always liable to occur 
under the conditions X and Z defines sorne spatial relation which needs to be present under 
the conditions X, in order to solve the problem Y. 

(For a prototype of a multi-service center building, where the prototype is conceived as a 
generic scheme to provide guidelines which will generate a larger number of specific buildings, 
see Alexander (1968, 1977, 1979)). 

10. Furthermore, pressures within the environment, as well as the development of 
science and technology, change very rapidly and these changes require adaptation to the new 
conditions in order to avoid obsolescence. Thus the life of an artifact, begining with the 
moment when a new problem calls for a new form, and ending with the final elimination of the 
obiect when it is superseded by one better suited can. be represented as in Fig. 1. 
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lt is obvious that reducing the list of requirements does not mean that we 
have trivialized the problem of design. On the contrary, while we are sear
ching for sorne kind of harmony between two different things -the artifact 
which we have not yet designed, and the environment which we cannot 
completely describe-, this «reduction» is a way to achieve sorne kind of 
fitness between them. 

Many technical journals seem to concentrate on mathematical tecniques 
or analytical tools in the optimization process. The optimization process in 
design requires the definition of the combination of parameter values11 for 
each candidate system to provide (a) the optimum ~alue of the criterion 
function, for the respective candidate system, and (b) the choice of the can di
date system having the best value of the criterion function. As Ostrofsky 
(1977: 134) points out, the first can be thought of as «optimization within a 
candidate system», and the second as «Optimization among candidate sys
tems». The goal of optimization is to find the values of the controllable 
parameters, subject to various constraints, that make a desired criterion func
tion an optimum. The criterion function represents the properties being 
optimized, and in order to apply any of the mathematical techniques, it is 
necessary that the criterion function be expressible in terms of parameters. 

When comparing one candidate system with others, one should first be 
assured that the comparison is made with the candidate system. This means 
that particular values of the parameters used should be such that they optimi
ze the value of the criterion function for that particular candidate system. 
Usually a given candidate system will have an acceptable range of performan
ce for each parameter. That is, a given parameter can have any value within 
sorne allowable range for that candidate. (Fig. 4 illustrates the optimum 
values for a given candidate system: here the problem is to designan electri
cal safety device for a household appliance (Ostrofsky 1977: 136)). 

Parameter Minimum Value 

1. Number of parts 7 

2. Multirange capability 1 5 
·~ 

3. Design complexity 1 

4. Appliance capability 1 

5. Mass (ounces) 1 

6. Portability 3 1 __ ,~ 

7. No. of colors 1 

8. Volume (cubic inches) 1 

Fig. 4.-Location of optimum parameter 
values for a candidate system. '' = optimum. 

Maximum Value 

61 75 
*-

10 
*7,3 10 

i< 4 
28 *_32 

10 
3 5 i<--

7 8 -1<-

11. These parameters are directly related to the technical factors of engirieering analysis 
and design requirements. 

U~ually the relevant technical factors are sp¡;cific and quantitative. Here is a list of sorne 
techmcal factors: · 
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lt is helpful to formulate the problem of optimization in a generalized 
way before going on to consider sorne of the mathematical techniques for 
solving certain special cases. 

The generalized problem is this: 
Find the values of the parameters 

Xto Xz, ····•········· Xn 

that will give a maximum or minimum value of a criterion function 

U = U (xto Xz, •................ Xn) 

subject tó the functional constraints (equalities) 

"Vt (Xto Xz, ·········•······ Xn) ::;: 0 

"Vm (Xto Xz, ................. Xn) = O 

and subject to the regional constraints (in-equalities) 

where Lto L2 •• ••• Lp are the constraints on the criterion function. (Dixon 
(1966: 256 ff), gives five different methods of solution of special cases of this 
kind of problem: differential calculus, Langrangian multipliers, numerical 
methods, linear programming, and the calculus of variations. For examples to 
clarify the meaning of the terms parameter, criterion function, and cons
traints, see Appendix 1). 

1. Geometric - size and shape. 
2. Weight- total and distribution. 
3. Strength - weakest link? 
4. Dynamics - vibrations, natural frequency. 
5. First law of thermodynamics. 
6. Second law of thermodynamics. 
7. Electrical effects. 
8. Magnetics effects. 
9. Corrosion. 

10. Fatigue - thermal or stress. 
11. Creep. 
12. Heat transfer - conduction, convection, radiation. 
13. Temperature effects. 
14. Fluid-flow effects-drag, fiction, capacity. 
15. Momentum. 
16. Wear - lubrication. 
17. Power- supply, output. 
18. Inertia. · 
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See in Fig. 5 an optimum design scheme: 
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Fig. 5.-0ptimum design scheme 
according to Vidosic (1969: 224 ). 
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(See more in Addler et al. 1975: Ch. 2). 
In practice, however, difficulties arise in irnplernenting this type of analy

sis, for the following reasons: 
First, the problern of establish~ng rneaningful relations among the design 

parameters for the criterion function usually requires high leve! mathematics 
for adequate accuracy leves. And when there are rnany pararneters, the resul
ting prograrn will be very curnbersorne, requiring large computing capacity. 

Second, the accuracy required for purposes of irnplementation often re
quires additional effort to acquire data and inforrnation. 

In any case, however, the choice of the optirnurn system is a consequence 
of a conscious process usually involving high leve! rnathernatical tools. 

Optimal design is just part of design, not the whole process. A good 
designer must know rnany other things and, rnost irnportantly, must be able 
to create with thern. Sorne of the knowledge a designer needs is now taught in 
engineering schools. Basic science, rnathernatics, and the fundamental engi
neering sciences for the specialized disciplines are standard components of 
any engineer's education. The same can be said about the other branches of 
te~hnology. (See th~ diffe~en_t o~tirnization th~o:ies for en~innering_design in 
W1lde (1978): part1al optlrnlZatlon, rnonotomclty analys1s, boundmg func
tion construction, conditional design, stationarity (and orthogonality) analy
sis, logarithn;tic (and sernilogarithrnic) derivatives, scaling, reversed, inequali
ty elimination, transcendental prograrnrning, and lexical arithmetic. More on 
optimizatiort in Enginerering optimization (1974-1977), in Avriel et al. 
(1973), in Vidosic (1969: 231 ff) for optimurn design with redundant specifi
cations, and in Siddal (1972: Ch 4-8) for optirnization of linear and nonlinear 
systems. See different rnethods of optirnization in Civil Engineering systerns 
in Stark & Nicholls (1972)). 

After finding the optirnurn design, the next step is to build an artifact, or a 
scale model, or run a cornputer sirnulation based on the design. The blueprint 
rnust be translated into a prototype. Once one of these prototypical artifacts 
have been produced it is necessary to put it to test, to see vhether it is 
effective. The field of testing not only encompasses the laboratory -with 
which the applied scientist and technologist are farnilair- but a:ll of society. 
Testing is the designer-planner's risks when the systern becomes operational. 
Although testing does not necessarily elirninate risks, it increases the infor
rnation about the systern in question (See Baird 1962, Cochran & Cox 1957, 
Cox 1958, Fisher 1951, Ostrofsky 1977, Stein 1965). However, man has 
produced artifacts, narnely intercontirtental rnissiles with nuclear warheads, 
that are untestable. Indeed, if any of them were put to the test, presumably 
there would be nobody left to evaluate the darnages (Tobar 1984c). In this 
case speculating over the effectiveness of such artifacts is preferable to testing 
thern. 

If the artifact is adequate, we can try to sirnplify it as shown in Fig. 6. 
Befare beginning production, the artifact rnust be put to sorne uses and 

rnisuses, looking for flaws in design for side-effects. After correcting the 
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No 

i Yes 

_____., Testing , _ ___,..,..,, Adequate 1 ..,1 Simplification 1 

LNo-jALuatej 
1 

Y es 

~ 
Fig. 6.- Testing simplification. 

flaws and taking account of the side-effects, production may start. (See Ap
pendix 11 for an overview of design). 

The traditional design process has been carried out through drawing12, 

the so-called «design by drawing».The designer could make alterations to 
parts of the solutions and immediately see the implications. As Lawson 
(1980: 18-19) points out, 

«the complete drawing of a design gave the designer great manipulative free
doro. He could make alterations to parts of the solutions and immeditely see the 
implications. He could then continue this process of drawing and redrawing untill 
all the problenis he could see were resolved( ... ). Such a system worked well while 
design remained largely dominated by considerations of aesthetics. The designer 
could see from his drawing how the final solution would look». 

«The disadvantage of designing by drawing is that problems which are not 
Visually apparent tend not to cometo the designer's attention». 

12. We have the following kinds of relations between represented and representing 
objects (for artifacts): · 

Symbol Description Example 

=1 CRxN artifact represents natural objects drawing of a tree 
= 2 CRxA artifact represents artifact flow diagram of factory. 
=3 CRxC artifact represents construct tree diagram of argument 
= 4 CPxA construcs represents artifact automata theory 

Where ' = ' holds for representation. The first is typical of factual science. The second and 
the forth ate characteristic of technology (and of linguistics if signs are regarded as tools). 
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This inadequacy of models of reality was the reason why Alexander 
(1964) proposed a method of structuring design problems. According to 
Alexander the design process consists of two phases: one of analysis and one 
of synthesis. Every problem can be decomposed in a unique way (1964: 112 
ff). The analytical phase of the design process consists of the decomposition 
of the problem: of breaking the problem into problem elements and problem 
subsets, and establishing a hierarchy among them. (Each element of the 
decomposition is a subset of subsets above it in the hierarchy). The starting 
point of the analytical phase is an analysis of the requirements; the result is a 
program which is realized in the next phase. The second phase (the phase of 
synthesis) consists of making diagrams according to the program structure, 
and the result is a tree of diagrams, which represents the realization of the 
program. The critica! activity of this phase is the matching of requirements of 
the program with the corresponding diagrams. The solution to the problem 
is a synthesized diagram which contains all the diagrams in the tree. 

Lawson (1980: Ch. 3) analyzes the failure of Alexander's method13 obser
ving that 

«the real reason for the influence of Alexander's work was that it signalled yet 
another change in the designer's role. The issue no longer seemed to be one of 
protecting the individuality and identity of designers but rather had become the 
problem of exercising what Jones called «collective control' over the designers' 
activities. Somehow the whole process had to become more open to inspection and 
critical evaluation». 

Thus, the model of scientific method proved irresistible. The scientific 
method penetrated design methodology (S.ee more in McCrory 1974). 

As discussed in the last section, we learn about design problems largely 
by trying to solve them. However, in design one important skill is knowing 
when to stop. Moreover, because there are often so many variables which 
cannot be measured on the same scale, value judgements seem inescapable. 

«For example in designing electrical power tools, convenience of use has often 
to be balanced against safety, or portability against robustness ( ... ) Thus a very 
lighweight lawn mover while also prove to be noisy and easily damaged. For such 
an item there is no right answer since different purchasers are likely to place 

. different values on factors such as manoeuvrability or reliability. The sensible 
manufacturer of such equipment will¡roduce a whole range of alternative designs 
each offering different adventages an disadvantages» (Lawson, 1980: 59). 

Design problems and design solutions are interdependent. In design, pro
blems may suggest certain features of solutions but these solutions in turn 
creatt: new and different problems (See Stein 1965, Barid 1962). lt is certain 

13. Alexander (1964) sumarizes his attitudes towards design problems as the problem 
defined by a set of requirements called M. The solution to this problem will be a form which 
successfuly satisfies all these requirements. 

Rejected statements according to Lawson (1979a, 1979b, 1980): 
(i) there exist a set of requirements which can be exhaustively listed at the start of the design 
process. -
(ii) all these requirements are of equal value and the interactions between them are all equally 
~trong. 

Alexander fails to appreciate that sorne requirements and interactions have much more 
profound implications for the form of the solution than do others. 
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that if we try to optimiie one requirement we shalllose something elsewhere, 
but this fact does not mean that there are no optimal solutions to design 
problems as Lawson (1980: 88) thinks. With the constrains, the conditions, 
the criteria and the goals we impose on our design, we can get a range of 
acceptable solutions, each satisfactory in different ways, even to different 
clients or users. 

Mathematics is the tool that displaced «design by drawing». The mathe
matical approach has been used not only by Alexander (1964), but by Shan
non (1938) -using Boolean algebra for the design of electronic circuits-, by 
March and Steadman (1971) -a set-theoretic approach-, by March (1976) 
-using Boolean algebra-, by Steadman (1976) -dealing with graphs in archi
tectural problems-, and by Forrester (1976) -dealing with matrices-, among 
others, not to mention the different appro~ches using computers for building 
forms in architecture or engineering. 

The product of such application of mathematics should be the building of 
a model. After the mathematical model, a simulation model will be 
constructed1\ and later on an artifact to be tested will also be built (Section 
5.3). 

This test artifact may be a scale model or even an actual hardware proto
type. This model, when tested, will give us useful information. In large 
organizations, the tests are not _usually u~der the contrc;>l o~ the desi~ner. In 
fact, they actually may be carned by a dtfferent orgamzat10n at a different 
location. The information must provide data about side-effects, new pro
blems of design or details for improving sorne aspect of performance. When a 
change is necessary, the designer comes back into the picture. 

14. «Gedanken Experiments» are sometimes useful. However, they are no substitute for 
experimentation and real testing, although they can often be of great value in uncovering 
weaknesses in a pro.posed design. 

Analogy is often used to suggest an appropiate model for a new system or a par of a new 
system. (As Wilson & Wilson point out (1970: 166), «enormous advances were made in the 
design of acoustical devices (such as phonograph pickups and loudspeakers) after it was shown 
that their mechanical performance could be represented by an equation similar to that for an 
electrical filter network» ). 

T o determine whether sorne systems will be stable under all operating conditions, servo
mechanism theory and cybernetics may be useful. «Many amplifiers incorporate feedback 
arrangements to improve the modulation pedormance and to achieve stable gain with transis
tor aging and power supply variations» (Wilson & Wilson 1970: 167). 

Various branches of information theory such as coding theory and decision theory may be 
helpful. « T o receive information back from deep-space experiment, very sophisticated teleme
try systems are necessary. The signal back to .earth from the tiny transmiter in the distant 
probe are very weak, indeed. To recover them from the inevitable noise that tends to overw
helm them requires careful design» (Wilson & Wilson 1970: 167). 

Queuing theory is particularly useful tq determine the pedormance of certain systems 
under high-traffic conditions. «Queuing theory has been applied to the waiting problems at 
toll booths for bridges and tunnels; to the delays of dial tone in telephone systems during the 
busy hour; and to the management of check-out stations in supermarkets» (Wilson & Wilson 
1970: 168). 

Simulation is another powedul tool for analyzing the pedormance of sorne systems under 
high-traffic or overload conditions. «Simulations may take the form of games -as in war games 
simulating competitiop between two firms endeavoring to¡enetrate the same market ( ... ) 
computer simulation has been used for social, political, an military systems. «(Wilson & 
Wilson 1970: 1680-9). 

[25] 29 



JOSE FELIX TOBAR ARBULU 

The tests may even indicate the need for a total revision of the design. If 
the model is satisfactory, however, then and only then is one reasonably sure 
that the design proposal is sound and can be built. The design work is 
temporarily (barring improvements) over. A new system has been designed 
and now is the turn of the production process. 

In Figure 7 we can see the relationship of pure science, applied science 
and technology with production. Technologists cannot escape the need to 
know, understand, and utilize basic science and mathematics. On the other 
hand, technologists, and engineers mainly, must relate their work to the 
conditions of production. But in addition to the science-production dimen-. 
sion, the technologist is linked with the arts and crafts in what might be 
called the~functional-aesthetic dimension. And there exists still another di
mension: the technologist's activity is linked to economics, sociology, poli
tics, and culture. The connection with economics is obvious: economic re
sources must be available and the effective design technologist, if he is to have 
any significant decision responsability at all, must be able to comprehend the 
economics of his department, company, community and society. 

1 Philosophy ¡ Ideology 1 

~ l ~ 
Basic 
~ 

Applied ,.___. 
Science Science 

Technology 

~ 
Politics T echnological --.. 

Economics 

/..-----· .....----, 
1 Production 1 

Sociology Design 

• 

Industrial Design 
Architecture 

Artistic Design 
Art 

Fig. 7.-Technological design in severa! dimensions. 
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Design is related to philosophy and ideology. The ontological back
ground of design process is that of science and technology (See Tobar 1984a). 
Here are sorne specific technological principies in design: nothin gets done 
without work; nature is a (finite) resource; human activities can be planned; 
natural things need be suplementd by artificial things or artifacts. In addition 
we have epistemological theses common to science and tech.nology (see To
bar 1984b). However, scientists and technologists differ, in their evaluation 
of knowledge, which is a goal for the former -they try to discover laws and 
understand the world- and a means for the latter -they design artifacts or 
plans to control or supplement the world. (Finally, design is realted to moral 
codes andas the product of science and technology, design is also related to 
ideology). 

Because of the broad range of activities which are related to engineering 
-an important branch of technologica knowledge-, the person who wants to 
become an engineer is confronted with the broadest spectrum of subject 
matter imaginable. He must be well versed in the basic physical sciences, 
engineering or applied sciences, and mathematics. He must become familiar 
with the various means of production. He must be knowledgeable in econo
mics and other social sciences as they relate to engineering. Since he is a social 
being his education will necessarily need to include the liberal arts and huma
nities. Finally his education must include sorne training in the techniques or 
methods of making purposeful use of his knowledge. (This latter training is 
the purpose of courses in engineering design). 

However, technologists, and engineers in particular, are human beings 
with intrinsic limitations. There are no supermen in technological design, 
although there are and have been important leaders in this field. As a conse
quence, team work and interdisciplinary cQoperation are the sohition in our 
changeable world to the problems posed by modern design. 

Let us say a couple of things about art, not only because of its relations
hip with de.sign, (see Fig. 7), but also because of the problem of realism. As 
Schrodinger (1957: 28) wrote, «play, art and science are the spheres of human 
activity where action and aim are not as a rule determined by the aims 
imposed by the necessities of life». Moreover, «those who have experienced 
it [pure knowledge] will know that it contains a strong aesthetic element and 
is closely related to that derived from the contemplation of a work of art» 
(Schrodinger 1957: 30). 

There are, at least, three possible ways works of art and reality hang 
together: 
(i) works of art and reality are at opposite poles; 
(ii) works of art and reality are the same; 
(iii) works of art and reality are different -but sorne aspects of works of 

art and sorne aspects of reality occupy the twilight zone where works 
of art and reality merge together into a shadowy union (Richmond 
1980). 
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The first interpretation underlies the iconic theory of representation de
veloped by Peirce (1940) and Morris (1971 ). The second is the framework for 
the theory of Goodman (1968), according to which representational pictures 
are part of symbolic systems. These systems contain customs for governing 
both the denotation of pictures and the criteria of reality. The third is found 
in the views of Gombrich (1960): realistic pictures are illusions of reality and 
illusions depend upon our theories of reality and our theories of reality are 
fallible. How pictures inform us is not equivalent exactly to reality. Accor
ding to the iconic theory what in art is called «realistic pictures» are natural 
signs-copies or imitations of reality. This view belongs t~ what we call naive 
realism (Tobar 1984b). Goodman takes the opposite approach: for him the 
historical nature of realism in art reveals that reality itself is historical. Reality 
is bound up with symbolic systems. (See a criticism of this view in Richmond 
(1980)). Realistic pictures, according to Gombrich (1960}, create an illusion 

. of correspondence with reality. However, the illusion is dueto our theories 
or criteria of reality. Illusory pictures are plausible rather than truthful. In 
factual science and technology there is an objective theory of truth (see Tobar 
1985). In art we have a suhjective one: In art, it is the artist who through his 
her «illusion» (td employ Gombrich's term) models externa! objective reality 
in his her product, the work of art, according to the hypotheses, theories and 
conceptions he/she has of this concrete reality. Realism in art is, then, as 
Richmond (1980: 118) points out «a function of changing theories about 
reality». Surely these theories vary in time, both historically and culturally, 
with the development of human knowledge about reality. But if we want to 
learn something about reality itself, we must engage in sorne science or other. 
Furthermore, if our aim is to change r:eality, in sorne context or other, we 
shall be dealing with different technologies. In art, «realism» designates reali
ty in an indirect manner. U sually the realistic aspect of the work of art do es 
not convey too much information about reality itself, but about the «illu
sion», that is the conception, the artist has of it. « The common-sense view is 
correct in holding that realism in art is informative. lt is only incorrect in 
overstimating the quality of information supplied and the function of the 
information» (Richmond 1980: 118). Realistic pictures are neither separate 
from nor one with reality: they do not correspond directly to reality: the 
hand, namely the brain, of the artist with his her theories, about reality is 
behind the «realism in art». 

The author thanks the Basque Government and the Direction General of 
Technical Cooperation of the Ministry of Externa! Affairs of Spain for partial 
economic support of his research. 

Consider the problem of insulating a home. A decision must be made 
about the thickness of insulation to install. Since the purpose of adding 
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insulation is to save money, the home owner wishes to reduce his total costs 
as much as possible. · 

The costs are two: fuel and insulation. Fuel cost F is an annual cost and 
insulation is a capital cost l. The latter, however, is easily con verted to a per 
year basis. So, the total coste= F + 1 will be the criterion function that is to 
be minimized. 

The only controllable parameter (if different types of insulation are exclu
ded from this example) is the thickness x, of insulating material. 

The problem no~ is to find the value of X such that e is a mínimum. 
Let us express e in terms of x. Since fuel cost is proportional to heat loss 

and heat loss is inversely proportional to insulation thickness, it can be 
assumed that fuel costare 

F = K1 1/x 

where K 1 is the factor accounting for specific fuel costs per unit heat loss. 
Insulation costs can be considered as proportional to thickness x and so 

1 = K 2 x Kz >O 

where K2 is the factor accounting for specific insulation costs per unit of 
thickness. 

The total cost can be written as 

e (x) = Kt 1/x + Kz X 

(Other expressions of e (x) may be more realistic than the one taken here for 
example purposes). 

There are also constraints on x. The thickness cannot exceed the thickness 
of the wall space (normaly 10 cm. in existing houses) and insulation thicknes
ses of less than 3 cm. are not available. Furthermore, there may be a cons
traint, such as the total capital investment possible, M. 

These constraints, then, can be expressed as follows: 

x ~ 3 cm. x ~ 10 cm. 

where M is the maximum money available, and K3 > O is the factor accoun
. ting for money available per unit or thickness. 

Let us try to optimize by differential calculus. When there are no functio
nal constraints, as in our example, we can assume that the criterion function, 
e, is a differential expression. The optimum is given by the solution of the n 
simultaneous equations found by setting the derivatives of the criterion func
tion with respect to each of the parameters equal to zero. Le., 

=O for i = 1, 2, ...... n 

In the case of a single parameter -as in the home insulation problem- this 
procedure is equivalent to finding the point where the slope of e is zero on a 
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plot of e vs. X. In two parameters, the geometric representation of the 
problem is a surface. Setting dC/dx1 and dC/dx2 simultaneously equal to 
zero gives the zero slope point and hence the maximum ( or minimum) value 
of C. 

In our insulation problem since there is only one parameter, a necessary 
con.dition for the optimum is given by 

~C =O (maximum requires ~2C <O, and minimum ~2C >O): 
~x ~xl ~x2 

1 
0=-K + K2 

x2 

hence 

(The cost is minimum because 

~2C zK = - 1- > O for K1 > O and x > O) 
~xl K3 

This is the optimum, without consideration of the regional constraints. If 
they- are considered, then the problem is completely solved. Thus if x = V 
K2/K1 calls for insulation thicker than the 10 cm. wall space, the solution will 
be to use the full10 cm. Knowledge that the optimum is x ~ 10 cm. indicates 
that x = 10 cm. is the best that can be obtained. 

As Caplan (1983: 74) Points out, engineers 

«are trained to solve problems by thinking first in terms of technical details. But 
industrial designers normally work from the outside in. They start with the com
plete product as it would be used by someone and work back-ward into the details 
required to make the concept work. To engineers, this may seem like begining at 
the end, andina way it is. Paradoxically, this backward way of working explains 
why it is important for designers to be involved in a project at the very begining». 

We have said that the problem of design is one of synthesis, (Section 5), 
namely given a desired behavior design a system (physical, chemical, biologi
cal or social) that can perform it. Ca plan (1983: 77) clearly observes that 

34 

«Design and engineering are to be integrated. A way may be design team [ recall 
our Section 7]. Designers should be involved very early in a project because their 
chief contributions may come before the problem is defined. Engineers need to 
know marketing objectives because they may impinge upon their work in unpre
dictable ways, and because they will help make the designer's efforts understanda
ble». 

[30] 



DESIGN OF ARTIFACTS: SOME TECHNOLOGICAL AND SOCIAL PROBLEMS 

Let us have a look at design planning from the needs to production cycle. 
Instead of trying to re-invent the wheel, we will take Ostrofsky's approach 
to design for the following reasons: 
(I) 

(11) 

(III) 

(IV) 

[31] 

his demostrated competence. (Even in science we cannot dispense 
with a modicum of authority if we are to use knowledge reaped by 
others: every time we borrow or quote a result obtained by other 
workers we hope our source to be «authoritive» ( competent and 
responsible) and put our trust in it. However, this trust is not blind: 
it is the reasonable belief that the quoted author has proceeded scien
tifically, and we are ready to give it up the moment it is shown to be 
incorrect); · 
our own experience after three years .working on design projects and 
five years teaching design (although one must remember Einstein's 
boutade when dealing with experience and experiments: «Y ou make 
experiments and I make theories. Do you know the difference? A 
theory is something nobody believes except the person who made it, 
while an experiment is something everybody believes except the per
son who made it» (quoted in Woolf (1980: 57); 
it is a clear way to show the whole cycle from the very begining of 

· needs to production for test procedures have been more and more 
standardized. ( «Standardization of design and precision measure
ment;, the bases for interchangeable parts manufacture, are concepts 
that greatly advanced the process of industrialization. Without these 
concepts, made possible by precision machines, standardized designs 
and precision measurement, quality manufature would have remai
ned labor intensive and uneconomical» (DeVore 1980: 122); 
in this work we are dealing with metatechnology, in fact with the 
philosophical problems raised by design. (In the same line, see Asi
mov 1974, Duggan 1972, McGrory 1974, Milward 1979). 

Design-planning situation 

1 Preliminary Activities 

1 Detail Activities 1-1-------------t .... 
(to production cycle) Y es 

Fig. 11. 1.-0verview. 
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Feasibility study 

1 Prelirninary Activities 1 

Fig. 11. 2 

In the phase of screening candidate systerns we rnust take into account 
physical realizability and econornic profitability (the latter in order to esti
rnate the global cost). 
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Preliminary activities 

1 Defin~tion of Criteria t-1--------------. __ ....._ _ __;;;_ _ __. 

l. Formulation of ~-------------+• 
Criterion Function 

1 Prediction of Systems Behavior 

1 Detajls Activities 

Fig. 11. 3 
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Detail activities 

1 Organization Plan f-1---------------.. 
-_.J..---''----' 

1 Simplification and Redesign 1-1----------.~ 

(to production) Y es 

Fig. 11. 4 

Preparation for Design is the review of all relevant information and data. 
Overall Design and Planning involves the manner in which the designer
planner communicates to those actually producing the system and to present 
basic areas of importance. Organization Planning is developing an organiza
tional structure for the accomplishment of the tasks required to effetively 
meet the needs of the production cycle. Production Planning should seek to 
answer such questions as the following: What policies and procedures will 
guide the setting of production rates? Should we hire or lay off personnel? In 
what numbers and in which areas? When is the use of overtime justified 
instead of increasing the size of the work force? When should the risk of 
accumulating seasonal inventaries be taken to stabilize the work force? How 
large should inventaries be? What are the policies and procedures for inven-
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tory control? Scheduling of men and machines? Scheduling of activities or 
operations? (See more in Addler et al. 1975, Roman 1980: 230~). 

The purpose of Operations Planning is to assure efficient implemantatiori 
of the activities required to meet the user's needs directly. (Since the user is 
the basic source of requirements, the complete delineation of system activi
ties for him becomes necessary for his aceptance of the designed system. 
Hence the designer-planner must be totally aware of the needs for all phases 
of system operations. For technological systems this can include maintenance 
and operating instructions for equipment that may be extremely complex to 
operate well). See in Roman (1980: 241ff) the 'program evaluation and review 
technique', PERT, as a reporting device anda means of evaluating progress 
towards program objectives. PERT uses time as a common denominador to 
reflect three categories of factors which influence success-scheduling, resour
ce applications, and ¡>erformance specifications (more in J ones 1963: 60ff, 
Ostrofsky 1977: 206ff). · 

The designer must, for control continued assurance, predict the perfor
mance of the system for each phase of the production. Performance in pro
duction implies the adequacy with which the system will accomplish the 
necessary activities planned during the phase. 

The procedure to improve project planning covers five sequences: (1) 
.preliminary coordination, (2) the work plan, (3) the budget, (4) schedules, 
and (5) status reporting. (See more in Roman 1980: 232ff). 

1. Preliminary coordination. 
1.a. Assemble responsible representatives from all required supporting 

operations. 
l.b. Define, describe, and plan the project. 
1.c. Establish technological objectives, areas of performance responsa

bility, and profit target goals, and communicate committed project 
obligations. 

l.d. Secure detailed planning from functional groups supporting the 
project. 

1.e. Coordinate the project components into a composite project plan. 
l.f. Obtain approval of the project plan from the participating func

tions, the project leader, and management. 
1.g. Issue implement, and maintain the plan. 

2. The work plan. 

[35] 

2.a. Project title and identification number. 
2.b. Delineation of the work: 

(1) Technological description of the work to be performed. 
(2) Mayor areas of responsability and support: 

(A) Engineering. 
(B) Manufacturing. 
(C) Purchasing. 
(D) Quality control. 
(E) Personnel. 
(F) Other. 
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2.c. Projet work item schedule, charted by the PERT method, or the 
Gantt method. (see Roman 1980: 233-237), or the DELTA met
hod (While PERT applies to projects in which the duration of 
sorne activities may be uncertain, DELTA applies to projects in 
which the duration of sorne activities may be infinite. See more on 
the PERT problem areas in Roman 1980: 245). 

2.d. Autorization for the project: 
(1) By the customer. 
(2) Economic and technological justification. 
(3) Constrains and obligations. 

3. The budget. 
Budget allocation to work item and phase leve! by the PER T method 
(Roman 1980: 236), or the Gant method (Roman 1980: 237). 

4. Schedules. 
4.a. Master schedule issued to cover all end-item requirements on all 

active projects. 
4.b. Provisions for schedule revision. 

(1) Nature of the change. 
(2) Reason of the chailge. 
(3) Effect of the change on cost, schedule, technological require

ments. 
(4) Date of the change. 
(5) Change approval. 

5. Status reporting (this is really a control device). 
S.a. Schedule status. 

(1) Scheduled and actual or forecast completion dates. 
(2) Explanation of deviation, if any. 

S.b. 'Budget status. 
(1) Total project funding. 
(2) Expenditures to date. 
(3) Current estimated cost to complete. 
(4) Anticipated profit or loss. 
(5) Explanation if deviation from planned expenditure projec

tion. 

Since cost performance must be taken into account as well, the cost · 
analysis must be as accurate as possible in order to instill confidence in the 
financia! community. The last phase may be an overall review, a search for 
means of improving or simplifying any facet of the system, and sometimes 
important changes which can lead to redesign the whole system. 
. Since an experimental device ( or set up) is a concrete (material) system 

with at least three components: the object O of study, an object suppling an 
input of sorne kind to O, and an object measuring the output of O to that 
input, a test should satisfy the following conditions: 
(1) i~ should be consistent with current scientific and technological theo

nes; 
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(11) the performance, recording and interpretation of the test should be 
independent of the operator or experimenter; 

(111) test procedures should correlate with the results of acepted concu
rrent test. 

Test procedures should be analyzable, comparable, critizable, and impro
vable, as scientific and technological theories are. (See Ackoff 1974, 1978. See 
in Stein (1965) the presuppositions of experiments and the statistical princi
pies and rules to be observed in them). Furthermore, we need a testing of the 
test, both theoretically and experimentally. W e test hypotheses, theories, and 
observational propositions. We gather data and refine and systematize them 
(see Cochran and Cox 1957, Cox 1958, Fischer 1951). 
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