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A Domain of Science Model was introduced to provide

a way of focusing numerous aspects of science, development

of science, and application of science. This Model was

intended to be a self-contained means of dealing comprehensively

with these aspects of science, for any science individually.

In today's world of large-scale systems, where modern

applications have outpaced the development of the underlying

science, it becomes important t~ see in perspective how

science and scientists, as well as engineers and technologists,

mediate science and its applications; and how sponsors

of scientific research mediate researcher and research.

In order to deal with such issues, restrictions and

extensions of the Domain of Science Model are described.

Restrictions involve operating from a conceptual base

that incorporates only part of the Domain of Science Model.

Extensions involve operating from a base that go~~eyond
~

the Domain of Science Model, and especially that relate;to

Universal Priors of all Science.

It is concluded that many of today's problems with

large-scale systems may be related to operating with

restrictions of the Domain of Science Model, while others

stem from failure to tie the Foundations of Sciences

to the Universal Priors in ways that enhance the applicability

and relevance of those Sciences.
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The Domain of Science Model was introduced in order

to provide a way of distinguishing important aspects of

science, and clarifying how these aspects relate to

each other, as well as how science and applications are

related [1,2].

This model involves Foundations that steer Theory,

Theory that steers Methodology, and Methodology that is

available to be put to use where appropriate.

But the domain of a science extends beyond the science

itself, to include its possible Applications. Figure 1 shows

such a model. Let us discuss its properties.

The Four "Blocks". We will first identify the four blocks

of the Model, ranging from Foundations to Applications. Each

block feeds its successor and draws on its predecessor in a

never-ending evolution of a science and its applications.

The Combinations. The combination of blocks consisting of

the Foundations, Theory, and Methodology is identified in Figure 1

as the Science. The subset identified as the Corpus of the

Science involves only the Foundations and the Theory. The

Arena involves only Methodology and Applications. While

Methodology is shown as an integral part of the Science in

Figure 1, it is clearly possible to propose, develop, or use

methodology that has no clear connection to any Corpus, and

is produced strictly to satisfy needs in the Arena. Much

of what goes on today in large-scale system design, for example,

is Arena-focused, where methodology does not arise by steering

from a Corpus, but rather is ad hoc and derives much of its

impetus from the voices of authority.

The Linkages. The four linkages in Figure 1 may be identified

as FT, TM, MA, and AF, representing the pairs of linked blocks,

corresponding to the steering functions of the four blocks

on their successors.
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FIGURE 1

A DOMAIN OF SCIENCE MODEL
WITH LINKS AND SUBDIVISIONS
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Implications of the Model. The model draws its value from

a variety of implications. It is meliorative concerning claims

of science development, in that it recognizes the iterative

or "literative" mode of development of science. Literation

refers to iteration with learning. Thus a process of science

develooment may be literative, and each traversal of the cycle in

Figure 1 represents an evolution and maturing of a science, as

well as an amendment of it to account for discrepancies discovered

in Applications. But this can only work if all the linkages

are kept intact. Keeping them intact calls for a sense of

responsibility that transcends the immediate interests of

the communities associated with the individual blocks in Figure 1.

Broken linkages TM and AF may often reflect lack of interest

and responsibility for their maintenance.

The Model also has evaluative implications, whereby one

is cued to inquire as to what knowledge makes up each of the

four blocks in any body of knowledge that is represented to

be a science, and by what means the linkages were developed

and sustained. Also one may examine how well they are

functioning, and check to see whether some of the methodology

being used in an area is "floating", i.e., disconnected or

only loosely related to some Corpus.

The Model has organizational or coupling properties that

can provide discipline to the development of a science. If

one chooses to use the Model as a basis for self-discipline

in developing a science, there would seem to be generated a

desire to develop and sustain an overview or framework particular

to that science that would help the investigator present results

in a way that takes account of the need for sustained communication

among the people who are involved with the separate blocks, instead

of communicating only with those who are in the same block

as the individual initiating the communication.

The Model has social properties in that its division into

Corpus and Arena reflects a historical distinction between

basic scientists and applied scientists or, more broadly,

between science and technology.

It has organizational implications: regarding the kind and
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variety of leadership needed to keep the circle whole; to

carry out the work needed to define the various blocks,

but more importantly, to integrate them on a continuing basis.

The Model also has historical links, especially to the

philosophy of science set forth by C. S. Peirce, and to the

idea of distinguishing science from technology as an important

aspect of keeping both on an even keel, as set forth, e.g.,

by Conant [3] and Vickers [4].

Restrictions of the Model

We use the words "extension" and "restriction" in this

paper in a manner analogous to their use in mathematics.

In mathematics, extension means to add on a new dimension,

i.e., to enlarge the space of the model; while restriction

means to eliminate some dimension, i.e., to lessen the

space of the model.

Let us consider several restrictions of the Model,

i.e., models that are submodels of the Model, and their

implications.

The Corpus. It is perfectly possible for individuals to

restrict their consideration to the Corpus. That is,

they will concern themselves only with Foundations and

Theory.

The Arena. It is also possible for individuals to

restrict their considerations to the Arena. That is,

they will concern themselves only with Methodology and

Applications.

Theory. It is possible for individuals to be concerned

only with Theory, and never bother to sort out the

Foundations.

Applications. Instances are available where people are

only concerned with Applications, and will not even

entertain the idea of explicit Methodology.

Some Implications. Restrictions of the type mentioned have

already been discussed with respect to the impact uoon the

development of the Science. Here are some things we would

expect, when people insist on confining their interests to
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one of the restrictions:

• There would be a continuing parade of applications

difficulties, cover-ups, scapegoating, some

"whistle-blowing", etc.

• Students would be given educations that encourage

the same kind of irresponsible behavior, along

with dubious theory, dubious methodology,

no sense of foundations, and no foundations

• The literature would fill up with articles that

serve interests of faculty seeking promotion,

but which have little or no bearing on the

problems of the society, and at worst furnish

misleading information that will exacerbate

some of those problems

• It would become progressively more difficult to

distinguish outstanding work from trivial work,

because of inability to perceive either in a

comprehensive context

• It would be difficult to capitalize on outstanding

achievements in development of methodology,

because they would not be faithfully reflected

in applications, hence their performance could

not be properly validated

• Extensive waste would be incurred

• Wherever cultures fragment without linkages, their

cultures would become vulnerable to other cultures

that are willing to discipline themselves overtly

according to a thought-through model



DUAL-BASIS DESIGN

Dual-Basis Design Concepts

The twentieth-century concept of very large systems to be

developed by people (and to include people), and which are

dependent on synergistic interaction of people and machines or on

people and processes for their success, requires a

reconceptualization of design in a way that is compatible with

the concept of sociotechnical systems.

for such systems, people and artifacts share responsibility

for doing things that neither alone could accomplish at all, or

could only accomplish in a very inefficient or low-grade way.

Examples of failures in such systems keep coming to the

fore, where failure is superficially attributed to "operator

error" or, more generically, to the people component alone, or

(less frequently) to the technical component alone, without

acknowledging that the problem is fundamentally a failure of

system design stemming from inadequate conceptualization of the

underlying science.

A basis for design consists primarily of the foundations and

theory that make up part of design science. The foundations

consist of those concepts that have no relevant priors, no ideas

that are both relevant and more fundamental. The theory takes

these foundations as the means of distinguishing what is and what

is not appropriate to be elaborated for explaining design.

A dual basis for design involves foundations and theory that

stem from two distinctive origins, as opposed to a single origin.

Just as top-down design is intended to begin at the highest

level of general ity for the specific situation, so top-down

design of design science must begin with the universe itself, in

order to reveal the bases and to avoid uncerconceptualization.

for these reasons, among others, scientists typically

partition the universe into large, distinguishable blocks. Such

partitions channel thought, provide a way to organize knowledge

by disciplines, and promote intellectual sanctuaries that nurture

cultural canals. Those scientists who have a strong aversion to

anything that does not involve numbers tend to work implicitly

with such a partition, not acknowledging overtly its existence,

8
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Figure 2 represents the connection of the Domain of

Science Model M to the Universal Priors of all Science P.

P M
Figure 2. Universal Priors P Connected to the

Domain of Science Model M

This connection raises questions about the nature of the

connection to any specific Science, or to any proposed

or contemplated Science.

Before proceeding to a discussion of such questions,

let us review some aspects of the history of reasoning,

as set forth by Bochenski [5] and others.

Roughly speaking, reasoning was studied for 2,000

years, taking natural language as prior to reasoning.

In view of the many difficulties stemming from what

one philosopher called "the deceit of language",

Leibniz proposed that there should be an artificial language

created to serve the needs of science for accurate

communication, and to allow scientists from different

areas to communicate with each other, in order to prevent

the kind of enclaves that we see today.

Boole and DeMorgan, in separate treatises published

in the same year, 1847, constructed logic languages that

would have sufficient substance to be a basis for improved

communication. Peirce, in the last half of the 19th

century, strongly recommended the development of graphic

language as a supplement to prose. David Hilbert, during

the same period, recognized the need for metalanguage.

Hilbert distinguished object language (the language of

principal discourse about observed things other than

words) from metalanguage (the language used to talk about

the components of the object language) .
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With the aid of the Theory of Relations initiated by

DeMorgan, and extended by Peirce and Schroder, it was

possible for Whitehead and Russell to produce the

Principia Mathematica. This work was hailed by scholars

as showing that all of mathematics could be derived from

logic. However it remained for Godel to show that language

lacks the completeness characteristics previously assumed,

and that for any language there would be possible propositions

that could not be proved in that language; thus promoting

the concept of an infinite sequence of metalanguages, each

member being devised to rectify the problems with its priors.

This concept of incompleteness of language was in harmony

with Peirce's view of the possibility of an infinite

sequence of effort to validate some scientific hypotheses;

and is the basis for his view of the importance of a

community of scholars striving through time to improve

the approximations to truth developed by studying prior

hypotheses.

Most, or many scientists never took the point of view

that refinement in language could be as significant or more

so than experiments to validate a hypothesis. Much of what

passes today for scientific respectability still hinges on

the view that science is the testing and validation of

hypotheses. This view is not eliminated by the attention

to language; but it is melioriated by the dominant idea

that adequate language is seldom assured as a prior to

the experiment. Instead it may be required that centuries

pass before the language has attained the quality needed

to articulate adequately the hypothesis and its validation.

One concludes that sponsors of research must be much less

insistent on short-term validation, and much more receptive

to higher-quality language pursuits, as was Lavoisier

in developing his treatise on chemistry.
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Language
The Dichotomy of/Inclusion. We may now propose the following

dichotomy:

• Existing language is taken, without question,

as part of the Foundation of a Science

• Existing language is initially excluded from

the Foundation of a Science and is only

admitted after rigorous screening and

identification of external priors

The Dichotomy of Logic Inclusion.

can be proposed for logic:

A similar dichotomy

• The Theory of Relations and its isomorphisms

(set theory, digraph theory, logical algebra)

is admitted as part of the Foundation of a

Science

• The Theory of Relations and its isomorphisms

are excluded from the Foundation of a Science

Philosophy of Foundations. If a Science is not steered by

some P.hilosophy of Foundations, it is a poor science because

the Foundations form the point of resort to which one must

retreat to find the basis for decision-making about that

science. If there is no recognizable point of resort,

the Science itself is invalidated.

The surest way to invalidate a whole Science is to

take existing language without question as part of the

Foundation of the Science and then to exclude the Theory

of Relations and its isomorphisms from the Foundation.

This pair of dichotomic ideas assures that the science

will not be a science and will, instead, be a domain of

Babel without any basis for any of the reasoning that it

professes to represent.

Conversely, the best way to validate a Science is

to manage the language through careful design practices,

and to incorporate the Theory of Relations and its isomorphisms

as part of the Foundations of the Science.
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Reflexivity in Science. Some sciences inherently contain,

as their primary subject matter or content, the very

concepts that are required for the development of the science.

To see this we need look no further than to the Universal

Priors.

We need reasoning to develop a science of reasoning.

We need language to develop a science of language. We need

the human being to develop a science of human beings, or

even parts of human beings.

For this reason, we assert that there are some potential

sciences for which the relationship with the Universal Priors

or at least with some of them is symmetric.

For them, the Universal Priors, or at least some of them,

are necessarily part of the Foundation.

Consider, for example, the possibility of Conceptual

Science. Priors to this Science would certainly include

all of the Universal Priors identified earlier. On the

other hand, Conceptual Science would certainly contribute

to understanding the human being, language, reasoning,

and the two properties of the human being spelled out

as a Propelling Drive and a Sense of Incompleteness.

We conclude that Conceptual Science is prior to the

Universal Priors. When two things are mutually prior, they

are in a symmetric relationship, they are members of a cycle.

Any science that incorporates part of the Universal Priors

in its Foundation also incorporates part of any science

that contains all of them in its Foundation. Thus

we see that some sciences are prior to other sciences.

Selective Incorporation. A science may elect to deal not

with the human being as a whole, but rather with a selected

aspect of the human being. Thus economics deals with

"economic man", psychology deals with "thinking man" and

"feeling man", and sociology deals with human beings

·in groups.

Whenever a Science elects to acknowledge only parts of

the Universal Priors, it assures that underconceotualization

will be part of its character. At the same time, it cuts
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the scope of its Applications, possibly severely. Those

situations in life that may be served by science will all

share the Universal Priors in their makeup. And a Science

that has excluded from its purview significant parts of

them will automatically eliminate significant parts of

the Application as well.

This is why, in many situations today, the Application

automatically presents terms to the Science, and why

it is generally necessary to work in an "interdisciplinary"

and sometimes "adisciplinary" way, as opposed to seeing

the situation through the eyes of a science whose fundamental

character is exclusionary.

Conclusions

Some professionals work with restricted versions of the

Domain of Science Model, and thereby tend to promote or at

least not to discourage a number of disfunctional situations

in the society.

Those who work with the full Domain of Science Model

may not recognize adequately the importance of the Universal

Priors, or may not acknowledge the need for prior Science.

At the very minimum, the Foundations of any Science must

account for the manner in which the Universal Priors are

re~resented therein. Lacking this, the Science must be

viewed as tentative and unsatisfactory for most Applications.
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