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Abstract

In his consideration of thought develop-
ment, Auguste Comte proposed a three-stage
model, in which the mechanism of development
may lead to new types of thought. So the
process that led to a philosophy of science may
be repeated to create a new type of thought. The
thought development is attributed to a process of
accumulation of challenged but unanswered
questions, followed by a decline of interest in
that type of thinking.

The science stage presented a huge accumu-
lation of achievements, but at the same time it
confronts huge challenges. The present work is a
theoretical analysis for what is happening
because of these challenges. The author believes
that the technology may be regarded as a fourth
stage for Comte’s model. The technology stage
corresponds to globalization as a social stage.
Technology has its own methodological way.
Owing to the connection between the technology
and human need, the development of technology
follows a Darwinian evolution model. The
process of technology selection that leads to
development is the user selection, which corre-
sponds to Charles Darwin’s natural selection.

Keywords: Philosophy of technology, Three-
stage model, New scientific spirit, Globalization,
Thought evolution, Technology development.

Introduction

The development of human civilization is
associated with the development of knowledge.
Auguste Comte traced thought development
through time and formulated his law of three
stages (Comte, 1855). Comte postulated three
theoretical stages of development of thought and
society: the theological, the metaphysical, and
the positive, which correspond to the fictitious,
abstract, and scientific ways of thinking, respec-
tively. Each type has a characteristic logic and
methodology.

1. The theological stage tries to attribute
natural phenomena to personified deities.
Thus, explanations of natural phenomena
take the form of stories or legends. This
stage may have three subdivisions:
animism, polytheism, and monotheism.

2. The metaphysical stage uses a rational
explanation style; abstract explanations
are developed in this stage.

3. The positive stage tries to discover and
explain nature according to science and
experimental proofs.

Comte (1855) considered social develop-
ment in a similar set of three stages as well. In
his most important work, Comte “explains why
the law of the three stages is stated twice.
Properly speaking, the law belongs to dynamic
sociology or theory of social progress” (Comte,
2008, 4.1). Comte identifies a stage of material
development corresponding to each social devel-
opmental stage:

* The theological stage may also be called
the military stage, and the military may be
a feature of a primitive society;

* The metaphysical stage corresponds to
supremacy of the lawyers and jurists;

* The positive stage is industrial; industry is
based on scientific achievements.

Comte, an engineer, was up to date with
scientific developments of the Industrial
Revolution of the 19th century. Table 1 shows
the two sets of developments, that of thought
and that of society.

Table 1. Comte’s stages

Thinking stage Social stage
1. Theological stage Military
2. Metaphysical stage Supremacy of the

lawyers and jurists

3. Positive stage Industrial

In the early years of the last century, there
were revolutionary achievements in pure theo-
retical physics (PTP), including the development
of the theory of relativity and quantum physics,
which made pure physics the main branch of the
modern history of physics. The strong agree-
ment between theoretical predictions and experi-
mental investigations led to great support for
that branch of knowledge. The unusually large
number of achievements in PTP during the first
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three decades of the last century motivated
Gaston Bachelard's declaration of his new scien-
tific spirit (Bachelard, 1985) or a new philoso-
phy of science. A new type of physical thought
based on probabilities of single particles and the
accumulation of new achievements were behind
his declaration. However, at that time, there were
no recognized serious obstructions confronting
quantum physics, one of Kuhn’s (1962) scientif-
ic revolutions.

The present work is a discussion of a
possible new phase of thinking, the fourth
stage according to Comte’s scale. This work is
organized as follows:

* An overview of the mechanisms of
thought development.

* A review of the present situation of
science research.

* Postulation of a new stage, according to
the mechanism of development.

* Investigation of the features of this new
stage.

This work is not a philosophical study but a
study in philosophy. Thus, the approach will not
follow the philosophical argumentation. Instead,
an analytical approach for the situation of

science and technology is followed.

The flow and obstruction model

The development of thought can be
explained by either dialectical or evolutionary
processes. The materialism proposition states
that the mere augmentation of a thing or things
produces a change in quality and characteristics
and, conversely, that a qualitative change

Theology

Meta

Physics

Philosophy of Science (3)

produces a quantitative one (Thalheimer, 1936).
Accordingly, the deflection of thought to a new
direction may be considered a historical necessity.
This process can also be considered using
Toynbee’s (1987) challenge and response theory.
In this model, new types of thinking are
responses to challenges.

The change of thought mainstream is some-
what similar to changes in the direction of flow of
water due to an obstruction. In this model,
“obstructions” develop from an accumulation of
challenging questions or unconvincing answers.
To represent how the “mainstream” direction
changes, Figure 1 represents the types of thought
mainstream with different directions of flow.

However, for Comte, “theology declined as
it was challenged by scientific spirit, which ful-
filled people’s need much more effectively”
(Pickering, 1993, p. 633). Theological (ficti-
tious) interests declines in favor of metaphysical
(abstract) works, and metaphysical interests
decline in favor of scientific thought. The
decline and challenges might have led Auguste
Comte to his proposal of thought development.
The diversion of the mainstream thinking to a
new type of thinking appears to occur as a result
of two types of accumulations:

1. The accumulation of challenged ques-
tions (lack of logic). This accumulation
works as an obstruction and forces the
mainstream to change direction.

2. The accumulation of potential (achieve-
ments) to find a new way of thinking.
This accumulation is based on the previ-
ous achievements of the blocked thinking
and provides the potential for the new
direction of flow.

Figure 1. Changing the direction of
thought mainstream (as flow)
according to Comte’s three mentally
conceived stages.

Theology Problems of irrationality

Philosophy of Science (3)

There is No
Experimental
Evidence

_

Figure 2. Flow of thought and effect
of obstructions.



Figure 1 shows the diversion of thought
flow, and Figure 2 represents the flow of thought
and the obstruction effect for the three types of
thinking. The process of development looks like
a mechanism of flow and obstruction. The new
stream due to the obstruction is of the new
feature.

Pure research and the accumulations

In Europe, the remarkable shift toward sci-
entific thought occurred during the scientific
revolution in the 16th and 17th centuries
(Shapin, 1998). Science started to change the
direction of how people understood nature and
started to affect religious belief. Shapin and
many other historians (e.g., Lindberg, 1987)
insisted on "Science as Religion's Handmaid,"
referring to Comte’s second stage (metaphysics).
Science as knowledge occupied the place of reli-
gion in providing alternative interpretation of
the natural phenomena and provides solution for
some of life’s problems. Science without appli-
cations (without technology) does not have that
effect on life developments of society. It may
affect the understanding of nature and then
social beliefs or social thought; that is quite
clear in comparison the social effect of both of
Darwin’s evolution theory and Marconi’s radio
invention. The first led to a religious shock,
whereas the second improved the quality of life.

Like any new belief or thought, science
affects society after any scientific revolution.
The historical period that most marks the begin-
ning of science’s effect on society was the so-
called Industrial Revolution (18th and 19th cen-
turies). That revolutionary era led Comte to the
concept of industrial society. The adoption of
industry for the science achievements and dis-
coveries led to serious influence of science on
society.

U |:| | Theology @ [[ Problems of irrationality ]]
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Figure 3. The problems that change
thought.

However, during the first half of the 19th
century, the scientific environment became more
notable and influential than it had been before
for many reasons:

* Science was able to explain nature in a
more convincing way than either theologi-
cal or metaphysics theories.

* The benefit, persuasiveness, and applica-
bility of scientific knowledge made scien-
tific studies more favorable and popular
than theological or metaphysical studies.
Subsequently, most universities turned
gradually from theological to scientific
studies.

* There were large developments and an
accumulation of scientific achievements.

This new type of thought rose as a new
challenge to the dominant metaphysical type of
thought. It led to slower growth or relative
decline in metaphysical (abstract) works and
interests compared with the growth of scientific
achievements. Then, Positivism became the new
direction of thought flow (Figure 2).

Thus, the process of increase and decline
may mark an era of a new type of thought. In
describing the evolution process, Comte's law
identifies only three stages, but these may be
followed by many other stages as long as there
is accumulation and obstruction.

In conclusion, the advancement and accu-
mulation of scientific achievements led to a new
way of thinking (see Figure 3).

New accumulations
Through pure research, scientific develop-
ments led to two types of accumulation:

* The accumulation of a huge number of
scientifically proven achievements (scien-
tific fact) that describe nature and can be
used for many different applications.

e The accumulation of theoretical works
without experimental investigation.

There are many philosophical attempts to
classify and define sciences. Within science
communities, the definition of pure or basic
research is controversial, and it is far from the
definition of basic science; there is no unified
definition (Calvert & Martin, 2001). Here, the
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focus is on the epistemological and intentional
features of research and the definition from the
Organisation for Economic Co-operation and
Development (OECD). Basic research “is exper-
imental or theoretical work undertaken primari-
ly to acquire new knowledge of the underlying
foundations of phenomena and observable facts,

without any particular application or use in
view” (OECD, 1994).

These two accumulations are epistemologi-
cal in nature. The second accumulation is that of
theoretical works that are impossible (at least in
the present time) to investigate experimentally.
For example, most of the theoretical predictions
of PTP in the second half of the 20th century,
such as string theory (Schroer, 2008; Smolin,
2006; Woit, 2007), black hole theories, and
black matter theories, at different levels (micro-
physics and cosmological physics) faced and are
still facing large obstructions to experimental
investigations. Theoretical works accumulate
and grow rapidly relative to the level of the slow
development of technology of the experimental
investigations. As in the example of PTP, either
the needed technology is too advanced and
sophisticated, or the needed technology is
beyond the present level of science (e.g., space
travels of superluminal velocity).

These problems are not easily overcome and
may form knowledge barriers that lead to knowl-
edge boundaries (Sanduk, 2008), as shown in
Figure 4. These boundaries resemble ultimate
limits at both the microscopic and cosmological
levels. Scientists start to confront the feeling
their usual probing investigation may be at an
end. In PTP, a huge amount of theoretical work
is now carried out without investigations, and
great numbers of research articles around the
world are in need of experimental evidence.
These boundaries are neither metaphysical nor
faith based.

Edmund Husserl (1970) predicted a crisis of
science in his article, “The crisis of the
European Sciences,” but his point of view was
based on intentional phenomenology. Aldous
Huxley mentioned limits on studies in his fifth
novel in which he wrote in 1931 that “we can't
allow science to undo its own good work. That's
why we so carefully limit the scope of its
researches” (Huxley, 1998, p. 227). In this sen-
tence, Huxley may mean an imposed restriction
on research, which is different from the limits
mentioned previously.

However, PTP is a good example for the
growth and decay of interest in science. In the
first decades of the 20th century the great
achievements of PTP made it very popular and
garnered a great deal of research interest.
However, PTP’s honeymoon did not continue. Its
decline began in the second half of the 20th cen-
tury. This became noticeable during the 1990s,
when pure physics research grants began to
shrink, as did students’ interests. The decline
was quite obvious and continues today (Cressey,
2008).

In addition to the two accumulations of
epistemological nature, there is a growth of
human demand for a better and comfortable life.
Scientists distinguish between pure research and
applied research. Applied research aims to solve
a particular problem related to direct applica-
tion. With aid of pure research outputs, applied
research can find solutions for human demands.
Technology tries to fulfill human needs (de
Weck, Roos, & Magee, 2011)

Contemporary technology (like IT, nan-
otech, genetic engineering . . . ) is based on
large accumulations of science outputs, which
can help in diverse applications and technology.
Thus, a large accumulation provides technology
with an extremely high potential for rapid
growth.

Technology depends on two types of
research: basic science studies (which has a high
accumulation of achievements) and research &
development (R&D), which is adopted and sup-
ported by industry, government, and others.

Interest in basic research declines in favor
of applied and development research (or R&D),
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Figure 4. The boundaries of scientific
knowledge.



which is clearly observed in developed
countries. Figures 5 & 6 show the funding of
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Figure 5. U.S. federal government
spending development for the basic,
applied and development research
(1953-2000) (Science and Engineering,
Indicators 2002).

development and applied research to the funding
of basic research. It is obvious that the federal
government, rather than industry, tries to support
basic science. However, basic research still earns
less support than applied research and develop-
ment. There is no doubt that the vital role of
basic research resulted in the federal govern-
ment’s change in its funding policy after 1958.
Nevertheless, the balance remained in favor of
applied and development research.

Social interest in science may be reflected
by the number of graduate students and by
employment opportunities. For example, Figure
8 shows the number of earned bachelor’s
degrees in the United States in different fields
during the period 1993-2007. Growth of student
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Figure 6. The U.S. industry spending
development for basic, applied and
development research (1953-2000)
(Science and Engineering Indicators,
2002).
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Figure 7. The ratio of U.S. spending on
R&D to spending on basic science for
both federal government and industry
sectors (1953-2000).

research in the United States during the second
half of the last century (the period 1953-2000).
Interest in basic research supported by industry
declined, compared with research on applica-
tions and development. Based on these data,
Figure 7 shows the ratio of the funding of

Figure 8. The number of the earned
bachelor’s degrees in USA for different
field at period 1993-2007 (Science and
Engineering Indicators, 2010).
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Figure 9. Employees in science and
technology in the USA 1950-2000
(Science and Engineering Indicators,
2010).
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interest is observed in applied fields, such as
engineering, biological sciences, and computer
sciences, whereas no such significant growth is
shown in the physical sciences, such as physics,
chemistry, and mathematics. Tracing historical
employment in science and technology shows a
growth in engineering and computational jobs
relative to physical science jobs (Figures 8, 9,
and 10).

The United Kingdom is a similar case. In
a 2008 report titled “Review of UK Physics”
(Research Councils UK, 2008), the authors
concluded the following:

* “There has been a significant decline in
recent years of the number of students
taking physics at A level (a stage before
university) . . . .”

“Physics has a significant impact on the
economy and society . . . . Possibly, the
most valuable contribution appears to be
physics trained graduates, who are highly
sought after in many sectors of the
economy.”

“The Panel heard from many sources
that more needs to be done to encourage
university-based physicists to work more
closely with industry . . . . We found that
much of the research work in physics that
was of direct interest to business was
being performed in departments other
than physics in the university sector. This
has the effect of reducing the number
and size of income streams to physics
departments . . . ”

We focused on the PTP as an example.
Yet many branches of sciences are reaching their
peak of growth now (like genetic researches),
but this is just a growth step similar to what it
was like for PTP. The decline is a natural phe-
nomenon. The present pure science situation is
similar to that of the decline in metaphysics.
Science is the third stage in Comte scale; Does
the decline in pure science interest lead to a
new deviation in the flow of thinking?

Is there a new fourth stage?

Because there is always a new accumulation
and decline, the evolution of thought may lead
to many new philosophical phases.

The relationship between science and tech-
nology is the relationship between need and

knowledge, and historically it is a deep relation-
ship. Following the model of flow and obstruc-
tion, a new stream is expected. The previous dis-
cussion (the paragraph of New accumulations)
shows clearly the real observable growth of
applied science. That growth is faster than the
growth of basic science, and it is more
complicated.

Due to the complicated structure of technol-
ogy (technology is dependent on scientific facts,
engineering, politics, trade, etc.), technology
develops rapidly as an exponential trend over
time. Figure 11 shows the rapid growth of the
technology of global ICT and the retardation of
others (old technology, like fixed telephone).
Mobile technology looks as of exponential
trend.
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Figure 11. Global ICT developments,
1998 - 2009 (ITU Worid
Telecommunication/ ICT Indicators
database, 2009).

The fourth stage is obviously based on
science, but it goes beyond science with a more
complicated structure. Thus, the next stage is
technology (see Figure 12).
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Figure 12. The possible fourth stage.

Philosophy of technology

In the late 19th and early 20th centuries,
John Dewey was optimistic about the role of
technology and adopted a pragmatic view
(McDermott, 1981).

The intensive interest in this type of think-
ing started around the middle of the last century,
when technological achievements appeared to



have manifested some serious effects on human
society, such as the problems of the World War
11, as identified by Martin Heidegger
(Heidegger, 1993). The fast growth of technolo-
gy and its side effects and misuse led to distin-
guish it from science. The first clear and
focused report on the serious role of technology
is the “Mount Carmel Declaration” of 1974 (50
Technion, 1974). The declaration insisted on
technology without science. It is the first report
written and signed by scientists. The declaration
warns of the misuse of technology and puts it in
the ranks of the threat of human welfare and
survival.

Interest in technological thinking was
adopted academically, as many philosophers
now are considered technology philosophers.
Most of the works of these philosophers concern
the social or humanitarian effects and history of
technology. However, technology is more com-
plicated than these limited considerations. The
new generation of engineers and technologists
are interested in the philosophical background
and the social impact of their works or innova-
tions. Some of them cannot distinguish between
the logic of science and the methodology of
engineering and technology.

However, due to new applications or science
products, a new type of methodology has been
effectively implemented since the end of the last
century (Sanduk, 2003). Technology is unlike
science; it starts with applicable invention.
Necessity drives invention, as the age-old
maxim states. This drive has no full acceptance
by the technology historian (The EMELSON-
MIT Program, 2004). In the present work, the
drive of invention is regarded as a type of need
(to make life easy, to address physiological
needs, etc.). Proving a new idea depends on sci-
entific laws, engineering, then industry, trade,
politics, sociology, and more, for production,
marketing, and so on. Just as science has its
methodology, so technology has its own working
logic (Figure 13). In his book Globalization and
Technology, Rajneesh Narula presented a dia-
gram relating R&D to technology and science
(Narula, 2003, p. 3).

A distinct type of thinking has been initiat-
ed, apart from the philosophy of science. The
new type has multidisciplinary features.
Although science is characterized by a single
type of research, pure research, the R&D of
technology includes the following:

* Applied Research

* Product Research

* Manufacturing Research
» Materials Research

* Market Research

* Operations Research.

Logic of Scientific knowledge

|Epiﬁem010g.v | |Pr0blem |

I_ Verification
(Experiment)

| M

Scientific fact

ﬁogic of Technology Method
Need
Cycle of

Technology v
developments Invention, Innovation
» and R&D

Industry & Production

Marketing, Economy,
Politics

\ 4

Fulfillment of

i | — the need
K—' Use and Social impncty

Figure 13. The logic of scientific
knowledge and technological
methodology.

The technological era is the era of discipli-
nary mixtures—multidisciplinary or interdisci-
plinary. It is not a time of separated or isolated
sciences.

The development of technology

Technology has its method of work. It is of
a circular nature (Figure 13). Modifications or
improvements are expected, and technology
advancements occur over time for many differ-
ent reasons. However, in all cases, the aim of
modification is to achieve the fulfilment of
need; the best technology is that which best
meets the need. Therefore, there are many gen-
erations of each type of technological invention
(e.g., television, computer, pen). The age of each
generation depends on the quality of its per-
formance, the social impact, ethics, market con-
ditions, and so on. The selection of the technolo-
gy invention in this case is a social selection.

On the other hand, some technologies
became obsolete (see Figure 11), and these
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Figure 14. A branch of the vacuum
tube family that includes the evolution
of the television (Sanduk, 2003).

technologies disappear gradually (or become
extinct). Thus, technology development has fea-
tures that resemble Darwinian evolution. The
technology in each step of development will be
accepted if it meets the need of that develop-
ment, as in Herbert Spencer’s phrase “survival
of the fittest” (Peel, 1972). The process of tech-
nology selection that leads to development is the
social (user) selection, which corresponds to
Charles Darwin’s natural selection.

Scientific development occurs through a
revolutionary process, according to Kuhn
(1962), whereas technological development
takes place through a Darwinian type of evolu-
tion. The appearance of a new technological
invention resembles an evolutionary jump. With
different and multiple uses, it will be circulated
in many different developmental ways. Many
different generations will branch off from that
“grandfather.” Figure 14 shows a branch of vac-
uum tube family and the evolution of the televi-
sion. It is quite clear that the old members of the
family are extinct, while the younger generation
continues to develop.

Globalization

Our present societies are not industrial soci-
eties; they are more complicated. Technology
today is structured in many ways, including

Table 2. The modified model of stages

Thinking stage Social stage

1. Theological stage Military

2. Metaphysical stage Supremacy of the

lawyers and jurists

3. Positive stage Industrial

4. Technology stage Globalization

industry, economy, politics, and others. The
rapid advance of technology creates many types
of instabilities (social, personal, global, etc.).
The world has become smaller, and any event
will receive a rapid response. In 1998,
Longworth wrote of the shrinking of the world,
“With computer and satellite, currency and stoke
traders can do business virtually anywhere at
any hour of the day” (Longworth, 1998, as cited
in Ramos, 2003, p. 24). Not only have distances
decreased but time has shortened as well. In
Globalization and Technology, the author exam-
ines the interdependence of globalization and
technology at two levels, the interdependence
between locations, and between corporate enti-
ties (Narula, 2003). Humanity looks forward to
globalization.

Pascal Lamy of the World Trade
Organisation (WTO) defines the globalization as
“a historical stage of accelerated expansion of
market capitalism, like the one experienced in
the 19th century with the industrial revolution. It
is a fundamental transformation in societies
because of the recent technological revolution
which has led to a recombining of the economic
and social forces on a new territorial dimension”
(Lamy, 2006). This definition suggests that the
technology stage corresponds to globalization.
Table 2 shows a modified model of Comte’s
stages. There is no technology without global-
ization and no globalization without technology;
both grow interactively at the same time.

The comparison between Comte’s model as
shown in Table 1 and the modified model (Table
2) reflects the continuous developments in the
thought and society.

Conclusions

The previous discussion shows a decline in
interest in pure science and a growth in interest
in applied science and technology interests.
Regarding Comte’s model, we may reach to the
following conclusions:

* Technology can be regarded as a fourth
stage for a modified Comte’s model, fol-
lowing the positive stage.

* The technology stage corresponds to glob-
alization as a social stage.

Thus, the technology has its own way of
work and development. Technology methodolo-
gy is quite different from the logic of science.



Owing to the connection between the tech-
nology and human need, the development of
technology follows a Darwinian evolution
model. The process of technology selection that
leads to development is the social (user) selec-
tion, which corresponds to Charles Darwin’s
natural selection.
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