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PROLEGOMENA
Prolegomena: The Original Revisited

The original Humboldt County Prolegomena for Part A
has been great expanded. The original form is now one of
Jour segments. An older (and perhaps idiosyncratic) memo
on how Transportation-Markings studies developed has been
added as well as a brief essay on Practical Symbol Practit-
ioners. A previously published essay for Proceedings (of the
Chartered Institute of Transport UK) is also included in the
Prolegomena. The original idea for a Prolegomena comes
from Myrna Oakley, a writing instructor, at Marylhurst
College (now University) in Oregon. She suggested some
personal background material for a monograph on Railway
Signals. The suggestion was worked on but never included in
that monograph. However, the idea took hold and during a
sabbatical in 1991 the idea took the form of a Prolegomena
Jor the second edition of the Foundations monograph. The
original part of the Prolegomena has undergone revision and
expansion for the third, fourth and now for fifth edition of
Foundations.

a) T-M Studies

The original volume was a cornucopia if not of delights
then of variety and breadth. It was an amalgamation of three
previous written but unpublished monographs. The original
monographs could be seen as a single body of writings rather
than independent entities yet they maintained a distinct
identity. The writer, after many misadventures, decided to
bring them together and publish them as one unit.

For a time it had seemed reasonable to think that the first
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monograph, American Transportation Markings: A Study in
Communication, (found primarily in the first two chapters of
Part A, and in Part B) would be published without further
additions. However, the publisher for that first volume
(which was part of a series in Semiotics) went bankrupt and
the work went unpublished. During that time a second mono-
graph was written. And during the time both monographs
were sitting unpublished, the first portion of third mono-
graph was completed. Eventually all of these studies came
together as Volume I (Parts A-D, University Press of
America, 1981).

Three of the studies have been listed in the pre-binding
year rather than in the year of the binding. This is the case
with Part B, Part F, Part H (Ist ed). Each was completed save
for binding in December of the respective year and bound in
January of the following year. All three should have been
listed in the later year.

The second edition of Part A contained a number of new
and altered elements. The Prolegomena retained materials, or
at least themes, from the Ist ed. Preface. The opening chapter
is a revision, enlargement, and reformulation of the first two
chapters of the old Part A. The former third and fourth
chapters became a single chapter though augmented by a
discussion of light. The next chapter, acoustical signals, was
a new chapter and reviewed concepts in acoustics as well as
examining acoustical signals. Electronic signal processes is
also a new chapter. That chapter followed the format of the
acoustic signals chapter. The final chapter, also new,
examined core ideas of design. These include graphic,
geometric and alphanumeric signals as exercises in design
processes and the influence of design throughout the T-M
spectrum.
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The second edition of Part A was a reconstituted version
of the original study. It was more of a new monograph than a
revised edition since much of it was either new material or a
major reworking of first edition materials. Nonetheless, the
direction and themes of both editions are similar even with
divergent content,

A third edition of Part A was published in 1999. That
edition added a segment on holarchy and an expansion and
revision of the Prolegomena. The two chapters on lights and
colors were combined into one chapter. And the primer
sections of the visual, electronic and acoustical chapters were
brought into closer alignment with one another. Some more
limited work on the design chapter was undertaken.

The fourth edition of Part A (2005) included a much
more extensive chapter on design. A primer with terms and
concepts relating to design was a major area of change. A
further change was the addition of a brief history of design.
Reworking of the Prolegomena and updating of several
chapters completed that edition. The contents of the fourth
edition covered 35 years: 1969 to 2004. Differences in time
periods, perspectives, topics, research materials and handling
of materials were reflected in that study resulting in a work
displaying some measure of coherence and multi-facted
diversity. That edition might well have been the final edition
yet a further “final edition” has been added on. New material
on semiotics, an increase of coverage on matters cultural and
an extensive appendix on T-M terminology and foundations
have been added. That fifth/final edition is outlined in a
fourth segment of the Addenda: iv “Final” Edition.

A second edition of Part B, A First Study in T-M: The
US was published in 1993 (though listed as 1992 since the
pre-binding completion date had been employed). The
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second edition is a markedly different production from the Ist
ed with a reduction of some materials, a variety of additions,
as well as revisions of retained materials. A review of the
variety of classifications, explanatory notes and
reconfigurations of materials are included in the study

The second edition of International Marine Aids to
Navigation (Parts C & D) was published in 1988. The vol-
ume is made up of an introductory chapter followed by chap-
ters on floating aids to navigation: a historical survey of
buoys and buoyage systems, classifications, descriptions of
buoy types, and message systems. Fixed aids to navigation
include chapters on methodology, lights, daybeacons, elec-
tronic aids and fog signals. Classifications, descriptions of
types and message systems are subsumed within the relevant
chapters. The monograph also includes appendices.

Two parts were originally assigned to Marine A/Ns
since floating aids were viewed as significantly different
from land-based forms. In retrospect, one part divided into
two sub-parts would have been a better approach. But the
two-part approach has become fixed after more than 20
years. Originally T-M studies were centered on a large chart
of safety aids grouped by modes of transportation and
intersected by the nature of T-M forms. That chart necessi-
tated the two-part approach or so it seemed. A new issue has
arisen with satellite-based aids. Either a third segment will be
needed or a reconfiguration of aids into land-based and
water/space-based (or non-land based) forms is required.

The first edition of International Traffic Control
Devices, Part E was first published in 1984. That first edition
focussed on TCD systems with a historical undergirding. A
second edition in 2004 focussed on T-M forms rather than on
systems; history and systems have a more secondary role.
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The approach of the 2nd edition more closely follows the
modal approach of the other monographs with international
T-M themes than did the Ist edition.

International Railway Signals, Part F (1992; though
previously listed as 1991 since the pre-binding completion
date had been employed) begins with a survey of semiotics,
physical properties and history. While most of the
monographs did not explicitly include semiotics; however, a
need to return to fundamentals shaped this study. The railway
signalling study includes chapters on classifications, colors
and their meanings. Other chapters examine the types of
signals, signs, markings as well as messages in more specific
terms. The monograph ends with a glossary of terms and two
appendices.

International Aeronautical Navigations, Part G (1994),
begins with an initial chapter dealing with terminology,
methodology, and early history of aero aids. A second chap-
ter takes up several forms of classification. Several chapters
examine fully-lighted, partially and unlighted aids, and elec-
tronic aids including physical equipment and messages. The
study ends with an appendix.

General Classification of International Transportation-
Markings, Part H, has had two editions. The first in 1995
(but listed as 1994 as previously noted because of former
practice of dating by pre-binding process)and a second in
2003. Part H is a brief work that brings together the various
classifications throughout the previous works. Two primary
chapters take up classifications within the contexts of

transportation modes and message energy forms. A third
chapter surveys variant classifications as well as an US T-M
classification. An appendix encompasses several topics
including nomenclature and an index of classifications in the
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several monographs. The first edition was divided into
chapters but not sub-chapters; section numerations instead
were employed (e.g., 1, ii). The 2nd edition reverts to sub-
chapters and sections.

The Transportation-Markings Database was envisioned
as a single study though completed in increments. The
extensive work needed for the Database required an incre-
mental approach that generated quasi-autonomous studies.
For at least an interim period of time the Database is in four
segments: Marine A/Ns (2nd ed., 2007), Traffic Control
Devices (2nd ed., 2008), Railway Signals (2000), and Aero
Nav Aids (2001). The Database consists of individual T-M
forms listed by dual-indexes and descriptive entries. When
necessary treatments of messages and special categories have
been included. '

The T-M Database proved to be a difficult work even
after subdividing it into four mode-specific monographs.
Each monograph requires a second edition in which errors
and omissions can be addressed. The first of these second
edi-tions is that of 7-M Database: Marine (2007). Improve-
ments over the first edition have been carried out including
numerous new terms. A special component of the 7-M
Database has been the Composite Categories Classification
& Index (2006). It gathers together all of the individual
classifications of terms into a single classification/index of T-
M forms. New terms have been added to that study that are
lacking in the first editions of the other 7-M Database
studies.

Transportation-Markings: A Historical Survey, 1750-
2000 (Part J) constitutes a near-final study in the Series. An
introductory chapter includes a survey of early T-M forms as
well as a survey of the Industrial Revolution(s). A chrono-
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logical review of visual aids requires two chapters divided
into two uneven periods of time. A single chapter suffices for
sound signals; one chapter is also sufficient for radio aids.

The intended final study, 4 Truly Integrative T-M
[Alternative title: 7-M as an Information System] remains a
projected study in search of a title. The original title is quirky
and probaby not usable. The alternative may work. “Com-
munication system” is a second alternative preferable though
a focus on Information may be the more workable title.
Holistic dimensions of T-M would be the concern of that
study rather than a focus on T-M forms as is the case in the
mode studies. It is possible that a mode-related dimension
can be entirely omitted.

Beginning in 2002 a periodically updated 7-M General
Table of Contents with Index has been published. The latest,
the fifth edition (2006) is the most recent. A 6th edition is
projected for 2008. The first edition was only 44 pages and
the 5th edition is 94 pages. The work is not yet a monograph
since a traditional definition of a book requires at least 100

pages.
b) T-M: A Discipline?

This book is about “Transportation-Markings™ (here-
after T-M). A T-M can be defined as “any device which aids
a mode of transportation (ship, plane, auto, train) by giving
guidance, by expressing regulations, or by giving warnings.”
That includes the whole field of T-M forms (also termed
safety aids): lighthouses, taxiway lights, traffic signs, railway
semaphore signals, radio beacons, buoys, traffic beacons,
global positioning systems, fog signals, targets, obstruction
beacons, daybeacons, and hundreds of other T-M forms.
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There is no recognized discipline of T-M. It began as a
notion of this writer and -- perhaps unfortunately -- it re-
mains that. Neither the term nor the underylying concept
have met with general acceptance or even restricted
acceptance. The whole enterprise remains unknown even in
specialized environments where such a study might possibly
generate interest. While there are some researchers and
writers who have promoted parts of what might be termed T-
M they have not included the entire spectrum and scope
(with the notable exception of G. Jean). The Library of
Congress system of subject headings affords a measure of
acceptance of T-M yet only limited use of the term has
resulted. One major academic library has misused the term
thereby negating what little headway toward acceptance
might have been achieved.

Why promote something so unusual, so seemingly un-
tenable? Because these diverse objects -- with their com-
munication dimension -- are, in fact, a single subject. They
belong together since they perform the same tasks, refer to
parallel modes of transportation and, on occasion, share the
same technology. There is, therefore, a need to say that they
belong together as a discipline.

To say they belong together requires demonstrating the
relatedness of all types of T-M entities. It is not enough to
simply construct a work encompassing T-M forms. It is also
necessary to stress the commonality of the aids along with
the simultaneous independence of the forms and their unique
characteristics. This theme of commonality can be demon-
strated in a variety of ways. The theme can be explicit when
dealing with semiotic and communication concepts, taxon-
omy, and holography.

Commonality is also present in less obstrusive ways
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which may actually be more pervasive. For example, the
classifications highlight the individuality of T-M yet at the
same time taxononomy ties T-M forms together by indicating
shared characteristics. Vignettes of history and descriptive of
T-M forms more than hint at shared backgrounds and parallel
developments. The over-all development of the monographs
hopefully illuminates T-M forms to be a single phenomena
with multifaceted and multifoliated dimensions rather than
disparate elements with little in common.

¢) T-M: Why Not a Discipline Before Now?

This section was substantially written in 1991 which is
long before the World Wide Web became a household word.
Despite the difference that the internet made, what was
written in 1991 has more than a little truth to it. The Web is
clogged with references to T-M but most of them run counter
fo the correct meaning of the term and the meaning of trans-
portation-marking of the Library of Congress. There are also
many sources for individual forms of safety aids and to
transportation modes on the Web. But these are frequently
Jfragmented and widely separated. The new Transportation
Catalog (spring, 2004) may possibly be an aid yet the other
use of T -M continues its pernicious ways.

But if T-M forms belong together why are they not
already together? If a broad-scope, semiotic and communica-
tion undergirded and holographic support non-technical
study of T-M does not already exist why start now? One can
point to the lack of integrative writings about safety aids and
say they ought to exist but why don’t they already exist to-
gether? Much of the answer is found in the nature of existing
T-M materials: they do exist but only in specialized, frag-
mented portions; even the fragments, which may exist for a
specialized audience, are largely unknown to a larger world.

18



For example, publications of the International Hydrographic
Bureau, a key source in the past for buoyage materials, are
found in few libraries; even a variety of mariners may not be
conversant with that literature. Nor are the publications of the
International Association of Lighthouse Authoritaries
(IALA) readily available to a large reading public; even
libraries with technical collections may lack IALA’s publi-
cations. Various railways, traffic control and aero publi-
cations are found only in specialized collections and
unknown by few non-specialists. Only very general works,
which are often of a technical nature, would include even
brief mention of many forms of T-M. And many internet
entries for Transportation-Markings point to surface
markings.

It is not very likely that even a moderately well-stocked
library possesses even some of the more essential works on
T-M. And unlikely that many individuals would have know-
ledge of even some specialized publications. This suggests
that even a partial awareness of the nature and form of T-M
would be in the possession of few people. Though readers
with wide transportation interests may be acquainted with a
few publications (as well as using some forms of T-M). In
many instances only the most general works, which are often
of a technical nature, would include mention of many forms
of T-M. More specialized works often include a single area
of T-M forms and then perhaps only a small segment..

Further, specialists are concerned only with their disci-
plin; they are rarely concerned with adjoining disciplines.
Mariners, for example, many not see a need for a knowledge
of railway signals, nor would auto motorists see a need to
know about aero lights. This would be true of operators in
other modes of transportation. Though an understanding of
other forms of T-M and resulting interconnections would be
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an aid to operators in a single mode.

A sense of unity of T-M can hardly be conveyed:
If few libraries have publications in all areas of T-M
If few broader-scope works touch on the full spectrum
of safety aids.
If few people have more than a slight awareness of T-M
as constituting an integrative discipline.

If the key term is misused on a massive scale on the
internet. And if connections between the components of T-M
are not in evidence on the internet because misuse of the
primary term blocks the finding of linkages.

Yet an integrative, wholistic approach to all T-M forms
can be achieved. T-M can be a reality.

d) T-M: Approaches & Forms

The approach of this studies could take an abstract
direction. However, the writer has chosen a more concrete
approach and one centering on the international character of
T-M forms. There have been many efforts at building
common systems of aids through international bodies for
some T-M systems; while other markings have achieved less
global convergence. Nonetheless, an attempt has been made
to draw together the many marking types from around the
world. This includes those forms whose source materials
have been tailor-made, and those whose sources had to be
woven together from many fragmented strands of materials.

The approach of this study could have incorporated
one of several forms: a technological one centering on how
the mechanical, electronic and other devices are designed,
constructed and operated. Or a semiotic form with a focus on
sign processes at work in objects standing in for other objects
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(accompanied by the resulting disposition to act that this
disposition creates in the receiver). Or a communication form
centering on physical signal processes (semiotics does not
involve the physical signal dimension to a notable degree).
Or a study giving significant attention to holons and holarchy
with each element simultaneously part of another entity and
yet having autonomy in itself.

While T-M studies do not ignore the technological
dimension, they do not focus on it either. The several studies
follows an approach that is holistic and integrative and
centers on communication theory, semiotic perspective and,
more recently holography concepts.

¢) Underpinnings for T-M

The underpinnings of the several studies of this Mono-
graph Series on Transportation-Marking as Communication
dates back several decades. They are founded on a childhood
familiarity with a diverse range of T-M forms.

- Traditional lighthouses from Tillamook Rock on the
Oregon Coast, Cape Disappointment and North Head adja-
cent to the Columbia River estuary, to Alki Point in Seattle.

- River and Harbor Lights of the Columbia River; often
superficially similar objects made up of small houses, boxes,
platforms and skeleton towers and marked off by stripes,
bands, letters and numbers; further differentiated through
unique flashing, occulting or fixed characteristics. The
singular quality of river and harbor lights is conjured up by
memories of specific lights: the fixed green glow of
Garibaldi Light on a misty afternoon in Tillamook Bay; the
staccato flashes of Stella Range Rear Light on the Columbia
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(flashes created by a railway searchlight lantern), the black
and white banded daymark of Columbia River Entrance
Range Front Light, larger than some traditional lighthouses.

- Buoys of several shapes and sizes and displaying red or
black hues. Buoys with bells, gongs, or whistles sounding a
message sometimes clamorous, sometimes eerie in storm or
fog. The special quality of sound buoys is reflected by the
cacaphony of buoys in the Columbia Estuary heard from atop
Cape Disappointment; the almost ghostly sound of the Cape
Kiwandi Whistle Buoy heard from the moist forest of Cape
Lookout in Tillamook County.

- Aeronautical lights from the simple runway edge and end
lights of the Kelso airport to the complex approach lights of
Sea-Tac; prosaic fixed or flashing red lamps atop €lectrical
or communication transmission towers. Such lights are high-
lighted by an engrained memory of the loom of the Rocky
Point Airway Beacon guarding the flanks of the Kelso
airport.

- Railway signals from more modern color light signals of
the Northern Pacific at Kelso to more colorful semaphores: a
sentinel with square-ended blade in red and white in the
Chehalis lowlands and a signal with pointed-end blade yel-
low and black near Vader. And interspersed with the signals
were little noticed targets, whistles, mileage posts, and
station signs.

The panorama of marine, aero, rail signals and beacons
of the northern Pacific coast, the River of the West, and the
Puget-Cowlitz lowland, was framed within a matrix of the
ubiquitous traffic signal, sign and pavement marking.
Objects so common that they may fail to register in the con-
sciousness though they may conceivably became embedded
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in the subconsiousness of many users. A utilitarian object
occasionally made singular by an ancient traffic sign coated
with raised glass beads or an unitary signal with peaked roof
~or a traffic beacon displaying the embossed word “Go.”

Despite the specificity and restricted geographical
milieu of these diverse markings they formed the basis of an
interest that went far beyond them, and far beyond the
concrete object to a global interest concerned with symbols
and their meaning.

Brian Clearman

Humboldt County on California’s North Coast
(McKinleyville/Clam Beach/Arcata/Eurka)
January-September 1991

Revised & Enlarged at Neskowin, Mt Angel &
Neskowin again 1998

Revised Yet Again at Mt Angel & the Milk Ranch
2004

And revised once again at Mt Angel & the Milk
Ranch 2007 and 2008

Prolegomena: Addenda

i Transportation-Markings in Proceedings
(Chartered Institute of Transport in the UK, June 1997)

Professor John Hibbs ( Univer&ity of Central England),
editor of Proceedings, invited submission of a brief essay
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Jor that Journal. The Chartered Institute of Transport dates
back to the early decades of the 20th century and has
membership in many English-speaking nations. This journal
primarily reflects British interests. However, Professor
Hibbs thought I was “on to something” with this approach to
safety aids and kindly provided this forum for T-M.

Transportation-Markings (T-M) is an integrative and
wholistic study of all forms of safety aids in the realm of
transport. T-M can be defined as any device (external to a.
mode of transport) that aids a means of transport by giving
information, providing regulations, or expressing warnings.
“Safety aids” provides an alternative term though less spe-
cific. T-M views safety aids as possessing a shared common-
ality transcending the boundaries of transport modes. Tra-
ditionally safety aids are associated with one mode of
transport and not all T-M forms. Railway signals, for
example, are attached to trains and tracks, not to marine aids
to navigation, traffic control devices, or aero navigation aids.
To be sure, it is reasonable to view these aids in the tradition-
al perspective. From the perspective of a railway engineer or
other mode-specific specialist it may well seem odd to view
safety aids in any perspective other than that of the mode.

Yet an exclusively mode-specific approach to safety
aids can have shortcomings. T-M forms are ultimately a form
of communication and even of human communication. T-M
can be said to be less a component of transport science than
of human communication: the emission of symbols with
agreed-upon meanings aiding the movement of people and
goods. Because they are part of communication they share a
common basis and execution, no matter their form or loca-
tion. In all fairness, it must be admitted that the traditional
mode viewpoint remains a vital and necessary dimension
of safety aids. However, the integrative approach can com-
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plement the traditional approach by seeing T-M forms first as
a component of communication and closely related to all
other such forms, and only then as mode-related.

T-M offers a perspective on safety aids through an inte-
grated system of signs (signs in a semiotic sense) forming a
single discipline. Within that discipline various forms of
energy and symbolic behavior are manifested, yet the sub-
structure of common purpose remains intact. T-M provides
an additional perspective on safety aids rather than deny the
traditional mode-related nature of conventional studies.

T-M can be regarded as a technical subject, yet an inte-
grative and wholistic approach may find fruitful insights in
semiotics. There are many definitions of semiotics; the
simple one of Pierre Guiraud (1975, 1) will suffice here:
“Semiology [or semiotics] is the science which studies sign
systems.” Guiraud gives substantial treatment to the various
kinds of codes. Codes (or culture codes) are defined by A.A.
Berger (1984, 156-157) as “(1) directives in our culture
which we do not recognize (generally) but (2) which have a
highly articulated structure and which are very specific”.
Guiraud divides codes into several categories of which
“logical codes” is especially vital for T-M. Logical codes, in
turn, can be further subdivided; the subdivision of “practical
codes: signals and programmes” includes T-M. This category
“coordinate[s] action by means of injunctions, instructions,
notice or warnings”. (Guiraud 1975, 45, 51).

Another important perspective for T-M is that of the
communication model (Noth 1990, 174ff). Communication
models focus on the material signal element (the physical
aspect) while semiotics is more concerned with signs (the
mental process). An important model is that of Shannon &
Weaver (1949, 7), who outline a linear communication chain
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in which a signal moves from a transmitter through a channel
to the receiver. Both the semiotic dimension and physical
communication need to be present for T-M.

Nearly as important as semiotics and communications
for T-M is the study of taxonomy. Dana’s System of
Mineralology (C. Palache, ed., 1944) has served as a founda-
tion for a general classification of T-M forms. The classifica-
tion not only lists and numbers T-M phenomena but also
clearly illustrates the commonality and interconnections of
T-M safety aids. A variety of library classifications also indi-
cates shared elements among the T-M forms.

A final perspective is that of the holon, developed and
described by Arthur Koestler (1967, 1978 and 1981). Holons
manifest a double nature: holons are simultaenously semi-
independent wholes and an integrated part of larger wholes.
Each holon contains other holons and, in turn, is contained in
other holons. Koestler describes holons as a vast hierarchy
(more correctly termed a “holarchy’’) with each holon as
“Janus-faced”. “The face turned upWard, toward the higher
levels, is that of a dependent part; the face turned downward,
towards its own constituent, is that of a whole of remarkable
self- sufficiency”. (Koestler 1978, 27). T-M very much
resembles a holarchy with each T-M (attached to a mode)
making up a holon while containing other sub-forms or
additional holons. Each mode-related T-M holon is a com-
ponent of the holon of T-M in its totality, and that totality is
also a constituent of communication and semiotic forms.

The technical element is not lacking in this integrative
approach to safety aids. Rather, the technical is interwoven
with social science and communications resulting in a
discipline of T-M phenomena which not only encompasses
the full spectrum of phenomena but creates a single study.
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Many of the monographs admittedly take up a mode-
specific approach (Parts C/D, E, F, G) as it is difficult to con-
sider the whole subject in detail in a single integrated trea-
ise. That approach is, however, kept within at least an in-
formal semiotic framework and it is firmly grounded in
taxonomy. The foundation monograph (Part A, 1991, 1999,
2005, and this new edition) offers a primer on energy forms
as well as an exposition of semiotic, taxonomic and design
factors. The US study (Part B, 1992) does take up the
spectrum of T-M, though confined to one nation. The general
classification (Part H, 1994, 2003), provides a perspective
that draws together all of the elements of T-M. The database
(Parts Ii-Iv, 1997-2008) provides succinct descriptions of the
individual markings. It too, however, remains anchored in
the overall concept.

There has been some confusion over the meaning of
T-M. Some users have interpreted the term as constituting a
synonym for pavement markings. This is not the case. T-M
is a general, overarching term for all forms of T-M. In order
to reduce confusion a hyphen has been added conjoining
“transportation” and “marking”. This results in an image of
T-M as a single and unified concept, thereby reducing
misunderstanding over the meaning of the term and
especially of mistaking T-M with one of its constitutent
elements. The end result is a term that encompasses all forms
of safety aids including forms that incorporate “mark”,
“markers”, or “marking” in their names.
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ii Building Construction: An Analogy for T-M Studies

The original draft of this segment is undated but was
probably composed in the early 1980s. It was later retyped
with minor changes. This draft has been only slightly revised.
While perhaps idionsyncratic it offers a view on how the
notion of T-M through the various studies came about. It
refers to construction as is the case with Addenda iii.

I suppose that a study of almost anything ought to
proceed on rational, orderly, logical, systematic foundations.
A study of something heretofore unstudied would assuredly
follow that pattern even more studiously. And yet in the
study of Transportation-Markings, in the preparation of
writings on T-M, and even in the assembling of those
materials for publishing, I seem to have followed a different
pattern. A pattern keynoted by a scurrying and even frantic
rushing about, of throwing together systems, classifications,
arrangements without much -- in many instances -- reflective
mulling over of the various components of the study. I think
that this can be best explained by an analogy from the
construction trade.

It would appear that I have, to some degree and in some
sense, prepared the blue prints or at least rough sketches of
the edifice of T-M. I have drawn out the outer limits, the sub-
divid- ing lines, even some of the details on paper. Then the
paper concepts were laid out on the ground with string and
stakes. If there was a slowness and even some measure of
reflection in the early stages it vanished as the project
lengthened and grew. More and more speed and less and
ruminating occurred as the days, weeks, months went by.
The framing for the structure at times seemed reasonably
rational. The various foundations were set up and poured, the
framing was begun. As the framework stretched out in all
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directions it may have had something of an impressive
appearance about it. The studings marched off into the wings
and exuding something of a symmetrical appearance.

But things began to happen. Some wings were not
needed or so it seemed. Then other yet unbuilt wings were
needed. While yet other wings needed to be shortened or
lengthened. Foundations were thrown together for the
extensions. Unneeded foundations were torn out or simply
abandoned. Weeds, vines and other vegetations appeared
with almost indecent haste and soon enveloped the aban-
doned wings. The new wings and framings were often out of
kilter with what had gone before. Signs of topsy-turvy began
to appear.

Some building materials had to be imported: woods
from far countries, and stone, and even some of the metal
pieces. As these materials arrived there was no time to
carefully and slow prepare them: no time to trim and burnish
and finish them for their intended function. Instead as they
arrived they were swiftly bundled off to the right location
and wheeled into position and tacked down in some fashion
or other. And hardly was that accomplished before yet other
materials arrived. Older existing materials also had to be
installed. More and more of a frantic pace was observed.
Shoveling and wheeling, nailing and stapling. Paint brushes
and hammers and nails and paint mixed together and scatter-
ed far and wide. Whole wings out of kilter, windows miss-
ing, door frames without doors, walls without paint, floors
without flooring. As yet new wings were started it became
necessary to throw together new parts with whatever was at
hand. Some wings were constructed of green wood that had
never seen a kiln, nails that had never experienced galvan-
izing dip. Warped and rusting these wings testified to haste if
to little else. Yet other wings ended in mid-air without outer
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walls or any demarcations at all. Some sections were tole-
rably finished though mortar was missing or mortar was
slapped clumsily on bricks.

And yet, more and more a vast edifice was rising above
the plain. The perfectionist would be appalled, the slow of
step would probably end in disaster walking in the unfinished
galleys, on the unfinished floors, up and down the missing
stairs. Architects might faint away, craftspersons would
collapse on the spot. But a very few might see something in
the turmoil and chaos: a vast outline with order in the
asymetry; a vast edifice that was more vision than concrete.
The wings that failed to materialize were dead-ends that had
to end that way; the unfinished wings were those that had life
but not the wherewithal for reaching a definitive state. Open-
ings and gaps and loose ends were segments that had a form
and a purpose and a definition but lacked some unit or
several components.

iii Practical Symbol Practitioners

This essay has existed mentally for quite sometime but it
is only now prepared in a written form. It too is eccentric in
tone but it does offer an explanation of the undergirdings of
T-M. And it too refers to construction.

It seems unlikely that Longview, Washington (and the
adjoining town of Kelso) has qualities that would generate
such an entity as T-M. That is, qualities which are unique to
Longview. There are other mill and port towns. There are
other towns with river lights and fog signals, aero beacons
and airport lighting, railroad signals, traffic signs, signals,
traffic markings. There are other towns not far removed from
a coast with traditional lighthouses, from major urban areas
with international airports, the full panopoly of T-M systems
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marked by both an intense and sophisticated character.

The character of the town can therefore be only part of
the generating force. Much of the generating force for T-M is
the family. A family where a craft, in this case carpentry, has
been long practised and with considerable skill. It may be of
little consequence that not all members of the family had the
skill. A certain basic attitude, mindset permeated the family
and this stemmed from carpentry. It could have stemmed
from other crafts as well.

The basic attitude is that of symbolic behavior: creating,
reading, acting on symbols. It may be true that this is not a
family where abstract thought dominated. It was a family
where the concrete, the practical was the order of the day.
Yet symbols and their use were at the core of the craft of
carpentry and that greatly affected the family. That world of
symbols is found in blueprints. Yes: Blueprints; sheets of
paper with white lines, graphic symbols on blue paper. What .
is a blueprint but a mass of interrelated symbols? Each line,
each mark is a symbol: each stands for something else:
symbols for door openings, walls, foundations, electrical and
plumbing systems. One can focus on the skill of a carpenter:
walls that are square, nails and screws neatly installed, wood-
work that is artistic. But more basic is the ability to know
what each symbol means and to create it in the concrete: a
symbol becomes a door, a window, a roof beam. Symbols
and what they represent and creating what they represent in
the concrete is deeply embedded in the family.

A professor of theology or of philosophy is very much
caught up in symbols. But those symbols are often not
empirically based. Such a person could speak at great length
about symbolic behavior and be very wrong-headed (though,
to be sure, they may often use symbols correctly). And it
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may not be readily evident when such a person is wrong-
headed in using and explaining symbols.

But a crafts person can’t misuse symbols without that
misuse of symbols becoming quickly obvious. Misread
symbols on a blueprint and comic if not lethal consequences
quickly ensue.

--Misread the symbol for a bathroom windown and instead
install the garage door in its place. When the happy home
owner is drying off from a shower and a neighbor activates
their garage door opener and the whole wall of the bathroom
opens up the happy homeowner may say, “that craftsperson
cannot read symbols correctly.”

--If the plumber can’t read symbols well and connects the
toliet drain to the shower head the happy home- owner may
say, “that craftsperson cannot read symbols either.”

--If the electrician installs the 220 volt line for the kitchen
range to the outlet for the toaster or microwave, the happy
homeowner may not be available for comment.

T-M was borne of Longview and its character, a largely
solitary childhood, and a special world in which one thing
stood for another thing and those things were interrelated.
Gradually an interest first in lighthouses but increasingly
with more and more kinds of safety aids became less than an
interest in picturesque structures and more in what they do:
represent dangers, give guidance, convey regulations by
something else: that something else being a symbol in light,
flashes, colors, sounds, electronic impulses. And that
symbolic behavior led to a notion that the various kinds of
transportation equipment (ships, planes, trains, cars) were
essentially a single entity: practical objects creating and
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projecting symbolic messages that were essentially the same
since they did the same thing.

The shared world of symbols and messages over-
shadowed the more conventional idea that the various kinds
of safety aids were separate worlds. The world of carpentry
and its use of symbols became transferred to safety aids and
eventually the concept of T-M came about first in classifi-
cation then in descriptive accounts then in holarchy.

iv “Final Edition”

Four editions had seemed sufficient for T-M: SIC
(°‘81/°91/°99/°05). Yet an additional “final” edition now
seems necessary. New materials have been added to Part A.
And some existing materials in the current edition were not
alluded to in the Prolegomena. The largest change is the
addition of the fragment known as “3M” which so far had
lacked a home. “3M” began as a listing of mark-marker-
marking and their use in the monographs according to
transportation modes. No date has been found for the original
form though working papers suggest a date of about 1998-
2000. The list was undertaken in order to see how often core
terms were in use. That list has been updated with the
addition of more monographs.

In 2005 it became apparent that an addition was needed
for “3M”. It had become increasingly apparent that T-M (the
original, correct version) could not win with the professional
transportation community and their misuse of the core term.
T-M therefore had to find its own roots which are in history
and in lexicography. The 2005 material in “3M” uncovers
those roots through descriptive and terminology material.
That segment was completed by adding material on compet-
ing terms to T-M. In 2006 additional material was added to
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“3M” that was intended to be a link between the earlier
portions. However, the additional material lengthened “3M”
without adding the link. An additional effort in 2007 to
provide linkage may possibly prove to be more successful.

“3M” constitutes an Appendix in this 5th edition. Most
of the alterations in the edition are found in materials of the
4th edition. And most of the changes are in Chapter 1 and
Chapter 5. In fact, a general reworking of 1A has been
undertaken of semiotics. The goal of the revisions intends
has to been to clarify and strengthen the existing coverage of
semiotics. Semiotics is not an easy study to briefly explain
and ongoing and that is an endless task. Notes on Sources in
Chapter 1 has been augmented by inclusion of a work by
Georges Jean, a French semiologist and linguist. His work
aids in linking T-M to semiology/semiotics.

Much of the focus for Chapter 5 has been the matter of
design and T-M. Culture has been present yet only in a
restricted sense. The place of culture has grown with
succeeding editions though incrementally and this edition has
added to the presence of culture. Culture may not have
achieved “equal billing” though is more significant. A brief
examination of the relationship of design and culture has also
been included. One aspect of culture, that of material culture,
was little more than an afterthought in the 2005 edition; it
has more prominence in this edition. And the coverage of the
iconic role of fabrics and of denim has also increased.

v The Semiotics Circus Tent

The original monograph in the 1970s was accepted by
Professor Thomas Sebeok of Indiana University for his
Studies in Semiotics Monograph Series. The intended
publisher was the Research Center for Language and
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Semiotics Studies at Indiana University. RCLSS required a
subsidy for publishing and that derailed the process. A
relatively new publisher, Peter De Ridder Press of Lisse in
The Netherlands, then took up the Series without a subsidy.
Unfortunately that publisher went out of business before
completion of the Series. And the study was not published.
As aresult, T-M has been officially apart from Semiotics for
these past 30 years.

Yet Semiotics has much to say about T-M: how the
individual Markings create, transmit messages, influence a
disposition to respond in a given way by the user. But
Semiotics is not an easy tool to understand and to use.
Semiotics is not a discipline in the sense of History, or
Geology or Sociology. The practitioners are from existing
disciplines (Linguistics, Anthropology, Philosophy,
Sociology among others) rather than from an organized and
coherent discipline. What one calls the study of signs (or
whatever designation one uses) and how one defines it and
how one analyses its working differs from user to user.

Transportation-Markings has been a part of Semiotics
and will continue to be such. Even if it lacks a full- scale
semiotic of the components of T-M and even if it gives only
a brief explanation of semiotics and its use in T-M . To
whatever degree T-M can be seen as part of semiotics it is
due to Thomas Sebeok. As a result semiotics is an enduring
factor in T-M study. The following remarks may explicate
the place of semiotics and the role of Thomas Sebeok.

Thomas Sebeok was like a circus ringmaster who
welcomed diverse offerings into his voluminous tent of
semiotic wonders. A new sign system was to be welcomed
and brought into the tent. And if possible it was to be
published by one means or another. The inhabitants of the
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published by one means or another. The inhabitants of the
tent sometimes included sign systems with the full panopoly
of semiotic terminology and explanation. But they also
included signs and systems far removed from abstract
thought and lacking all that suggested a recognized semiotic
process. The diverse tent dwellers did have one thing in
common: they were part of the world of signs and their
meanings and they were welcomed in that tent. Perhaps
Semiotics is more formal now and less welcoming to non-
standardized systems now. But that older and more
ecumenical approach has much to recommend it. Something
vital has been lost with the death of Thomas Sebeok and his
very ecumenical welcome to diverse sign works.

“We communicate and navigate with a
code of logos, symbols, emblems, and

signs.”
Susan Yelavich, Design for Life: Our Daily Lives,
the Spaces we Shape, and the ways we Communicate,
as Seen Through the Collections of Cooper-Hewitt,
National Design Museum. 1997.
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CHAPTER ONE

THE STUDY OF TRANSPORTATION-MARKINGS
IN A MULTI-FACETED FRAMEWORK:
SEMIOTICS, COMMUNICATIONS,
CLASSIFICATION & HOLARCHY

1A Semiotics & Communications
1A1 Introduction to Chapter One

There are several basic tools and perspectives at the
core of the foundations of this study which can lead to some
measure of understanding of Transportation-Markings and its
workings. These include semiotics, communications, tax-
onomy and holarchy. Chapter 1 in the previous edition was
divided into three parts: semiotics in itself; communication
and the semiotics of the object; taxonomy and holarchy. In
this edition material is bifurcated into communications and
semiotics (1A), and taxonomy and holarchy (1B). Notes on
Sources complete the Chapter.

Semiotics as a mental process was separated from what
were viewed as more physical considerations in the previous
edition. While it is true that semiotics is not essentially a
physical concept there is no necessarily hard and fast sepa-
ration from the abstract to the concrete of communication.
This edition, therefore, encompasses semiotics and com-
munication dimensions in one segment though considered in
several sections.

This treatment gives more attention to basic semiotic
material (1A2) especially in competing definitions of
semiotics than previous editions. It also includes a
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consideration of semiosis and components of that process.
The relationship of semiotics and communications is also
examined. Foundations of messages are included in the
familiar form of previous editions (1A3). The study of
communications (1A4) is included as before with an enlarged
focus on a communication model. Greater attention is given
to information and communication theory as employed by
figures in semiotics.

An additional dimension of Chapter 1A (1A5) considers
the semiotics of the object of Roland Barthes. This topic
encompasses both physical and signification concerns. An
attempt has been made to apply the Barthean idea to
Transportation-Markings.

Chapter 1B takes up taxonomy and holarchy. Tax-
onomy (1B1) is a basic element for any form of study. It
establishes basic rules of procedures and process. It creates
an essential foundation for this study. It also provides linkage
between transportation modes and constituent markings with
the result that the hidden commonality of markings becomes
visible. Some forms of taxonomy in 1A refer to messages
rather than the types of Transportation-Markings.

Holarchy (1B2) is a more recent addition to these
studies. Arthur Koestler developed the notion of holarchy
over a period of time as seen in several of his works. It has
proven to have significance for these studies. Both taxonomy
and holarchy involve a principle of hierachy thereby linking
these concepts at least to some degree.

Notes on Sources include several additional titles
including a work by Georges Jean, and further works in signs
and symbols.
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The several topics of Chapter 1 are not intended to be
compartmentalized though they are considered separately. To
some degree they intermingle and merge, For example, the
foundations of messages are not only a primary adjunct of
semiotics but they also provide linkage between semiotics,
communication, holarchy and classification. And the semi-
otics of the object is linked to “regular” semiotics as well as
to taxonomy and technology though technology is not the
primary focus of this study. A review of major sources for
this chapter is included at the end of the chapter.

1A2 Basic Semiotic Concepts

Semiotics is not a highly integrated discipline marked
by a notable degree of consensus among its practitioners.
Nonetheless, it is possible to make some general comments
about semiotics that will be adequate for this study and
Series.

Semiotics has been defined in many ways. It has been
seen as a science by some in the field. Though others would
deny it is. It has been termed a discipline by some and not a
discipline by others. Often semiotics is defined as a study of
signs. Yet not a few see that as very inadequate (a “scant
clue” for Lidov 1999, 1), Thomas Sebeok covered several
bases by defining semiotics as “the doctrine, science of
theory of signs” (Sebeok in Blonsky 1985, 466). Only
discipline was lacking.

Defining it as a study of signs may be adequate if that
is followed by a further explanation. A second common
definition is that of a study of sign systems: Guiraud terms it
as the “science which studies sign systems (Guiraud 1975,
1). Leeds-Hurwitz (1993, 6-7) includes two definitions: signs
and sign systems.
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Even the term Semiotics is a source of disagreement.
While it has become dominant there is a second and older
term of Semiology that still finds some usage. Semiology has
found more usage in Europe and is tied to Saussare; Semi-
otics is more associated with Peirce. And there are some who
continue to employ Semiotic rather than Semiotics (e.g.
Clarke 1987). The three terms have a complex relationship
and history of usage that becomes difficult to sort out. All of
the terms have their supporters. Perhaps the terms can be said
to be somewhat interchangeable. Berger in contrast to most
sources employs both Semiotics and Semiology: Semiology
“is the science of signs which, for Saussare, ‘studies the life
of signs within society.” While Semiotics “is the system of
sign analysis assocated with C. Peirce that focusses on the
iconic, indexical, and symbolic attributes of signs.” (Berger
1984, 191).

A core term in semiotics is that of sign. For semiotics it
is a mental construct more than a physical object. The com-
plete sign assemblage can be said to have two dimensions:
the sign vehicle and the multi-facted sign process with its
signification. Sebeok viewed signification as the meaning of -
the message (sign). (Hervey 1982, 47-48). Deely terms the
sign vehicle as an “objectified physical entity” while signs in
a strict sense are not “perceptible entities ... .” (Deely 1994,
25).

The most important term after semiotics is that of
semiosis. Semiosis is concerned with sign process. Sless
offers a succinct definition: “At the heart of semiotics is
semiosis -- the process of making and using signs. Semiosis
comprises signs, referents and users in an indissoluble triad.”
(Sless 1986, 9). Other semiotic writers also employ a
semiosis with three elements. However, there can be as many
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as six components at work. This is especially true of Charles
Morris, a pivotal figure in semiotics. Hervey has examined
variant formulations in Morris and there are seemingly five
components in his schema (Hervey 1982, 47-48).

In employing the ideas of Morris one can see these
elements in semiosis: The sign (a mental construct rather
than a physical object) stands for something else (the object.
The message of the sign leads to an interpretant (Noth 1990,
174, Sless 1986, 9). The interpretant creates a disposition in
the interpreter to act in a given way to the sign. The
signification of the sign is the meaning that it has in this
process. For example, a red nun buoy stands for the starboard
(or right side) of a channel. The buoy (its redness and shape
more than the physical buoy) is the sign; it stands for the side
of the channel, and the interpretant is that disposition to keep
the edge of the channel to the right of the vessel. The
signification or meaning of buoy (sign): keep that buoy to
your right. The interpreter is the party that responds to the
interpretant (which is the disposition to a given action not the
person responding to the sign).

A second example would be a railway signal with three
aspects (each aspect representing one color, and each aspect
constituting a sign in its own right though aspects acting
together would be a single sign). The green aspect or sign
stands for a clear segment of track and it creates a disposition
for a train crew (the interpreter) to proceed through that
section of track at the agreed upon maxium speed. The
signification or meaning of green is that the track is free of
obstructions.

A final dimension of semiotics for Transportation-
Markings is that of codes. Noth notes that the term became a
major element of semiotics through information theory
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(Noth 1990, 206ff). Many semiotic endeavors have
employed studies centered on codes. As previously noted,
Guiraud views Semiology as “the science which studies sign
systems” and a key component is that of codes. Guiraud has
provided a major contribution to codes in semiotics and A.A.
Berger has commented on, and expanded the coverage of
Guiraud (Berger 1984, Chapters 21-22). Noth and Wendy
Leeds-Hurwitz also write at length on codes with an
influence from Guiraud.

Codes constitute a major sign system and they can take
many forms. Guiraud divides codes into Logical codes,
Aesthetic codes, and Social codes. The codes of interest for
this study and Series are within the category of logical codes
and within that category, practical codes. Guiraud notes that
“[t]he function of signals and programmes is to co-ordinate
action by means of injunctions, instructions, notices or
warnings.” (Guiraud 1975, 51-53). Ship whistles codes, fire
alarms, military signals are also in the category of practical
codes. An examination of codes centers more on message
systems than on the physical signal though Transportation-
Markings includes the physical as well as the message and its
meaning.

1A3 Foundations of Messages

This topic is a kind of pre-semiotic endeavor: it does not
examine actual messages but instead focusses on the foun-
dation of messages. Messages are shaped and formed by
technology and needs of the transportation mode. Messages
are not a pure theoretical construct. Foundations of message
makes up a bridge linking semiotics, the physical signal, and
the transportation mode together.

While it is appropriate to place the foundations of
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messages in the same sub-chapter as that of semiotics, this
material also touches on all aspects of the study including
that of taxonomy since the classification of messages is
linked to the classification of T-M forms in 1C.

Transportation-Marking messages can be reduced to
four major forms:

1. Multiple capability that permits Changing Message/
Multiple Message (C3M).

2. Message capability that permits only Changing
Message/Single Message (CMSM).

3. Message capability that includes an Unchanging
Message but with Multiple Messages (U3M).

4. Message capability that is restricted to Unchanging
Message & Single Message (UMSM).

Marking messages have a dialectical character about
them: unchanging or changing; multiple message or a single
message. All of the possibilities are combinations of one
member of each of the two sets of the dialectic.

The most frequent type of changing message/multiple
message (C3M) are those of road and rail lighted signals. In
these instances the message has several phases or sub-mes-
sages which change according to pre-programming, transpor-
tation mode-initiated change, or central control. The basic
signal for rail and road contains three-lenses displaying red,
green, and yellow hues. The meanings of multiple-messages
refers to distinctly different messages at various times from a
single marking. Changing refer to the situation in which the
messages alternate or change according to some established
pattern. A marine light may have a complex message but,
nonetheless, it is a single sequence or period which means
one message. There are few examples of C3M outside of
road and rail signals. Other varieties of railway signals
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(search-light, position, color-position) follow the C3M
pattern though the manner of executing the message varies
from one signal type to the next.

The changing message/single message (CMSM) type
suggests a contradiction since change and a single message
sequence are in one message formulation. A reasonable
explanation is possible: some markings contain one message
but that message is not continuous. For example, a road
signal at a signal at a school may only operate during school
hours, or a drawbridge signal may function only when the lift
span is raised. The signal, when inoperative, creates a
different pattern of traffic than when on.

An apparently contradictory nature may also seem
present in the changing message/multiple message form
(U3M). This category refers to situations where at least two
distinct messages are found within a single marking. For
example, the device known as a “traffic beacon” has an
unchanging message yet two messages are displayed: one a
flashing yellow indication denoting caution, the other, a
flashing red indication denoting stop and then proceed only
when the intersection is clear. A second example is the
marine light known as a directional signal. It emits messages
for two or three zones within a single channel
simultaneously.

Unchanging message/single message (UMSM) is self-
explanatory. It includes the greater part of marine and aero
markings as well as many unlighted and partially-lighted
road and rail markings. The UMSM type has one sequence
which is unvarying in all cases. In the 1984 (2nd ed., 2004)
monograph on traffic control devices it became apparent that
some very different forms of markings were merged together
in the UMSM category. The changes made in that category
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carried forward to further studies in the Series.

The members of UMSM exhibit one of two message
characteristics: they either produce one message at a time
(though other messages could be programmed for the
mechanism) or they produce a single message and are
incapable of any other message. The former sub-category can
be term “Programmable Transportation-Markings™ while the
remainder of forms can be denoted “United Markings.”

The unitary group can be further divided into: a) some
markings have a single form and admit no variation; these
are termed “Variant A”; b) an intermediate group allows for
one of several predictable variations and these are subsumed
under “Variant B”; c¢) these include markings about which
few, if any, predictions can be made and are labelled
“Variant C.” A stop sign clearly suggests the “A” variant, a
turn sign (displaying one of several types of turns) represents
“B” while a sign denoting the name of a town denotes the
“C” form.

A programmable marking, such as a marine light, can
not easily be further sub-divided. The relevant marine agency
may publish a listing of the spectrum of light phase char-
acteristics but the actual light/dark sequence is an individual-
ized process and the observer would have to examine many
individual lights in order to gain an appreciation of the
categories of messages.

1A4 Communication Model

A communication model often cited in communication
theory is that of Shannon and Weaver. Their model con-
stitutes a “communication chain that includes an informa-
tion source, transmitter, channel, receiver, and destination.
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Messages are defined as “a sequence of elementary symbols”
and signals “are only the energetic or material vehicles of
signs, their physical form” (Noth 1990, 174-175). A simple
representation of the chain can take this appearance:

IS T C R. D
/ / / /
M M M M

Messages (M) travel from Information Source (IS) to Trans-
mitter (T) then the Signal (S) proceeds to Channel (C) and
thence to Reciever (R) which conveys messages to Destina-
tion (D).

The information source is the programming unit.
Channel in older models referred to the medium the signal
passed through (air, telephone wire, etc.) but for newer
models channel refers to characteristics of the signal such as
electrical impulses.

The previously described model includes signals which
are “the energetic or material vehicles of signs,” though not
the signs. The communication model with its information
source and transmitter encompasses the total communication
process though not the subject matter (Noth 1990, 174). It
includes the element which produces and projects the
apparatus as well as the mental dimension.

1AS5 Semiotics of the Object

Roland Barthes offers a variant form of semiotics termed
“Semiotic of the Object.” (Barthes 1988). While Semiotics is
most often viewed as a study of mental processes Barthes
also examines physical object and the signification that
grows out of objects. Barthes does not focus on the subject
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matter of T-M yet semiotics of the object can illuminate
both the physical and meaning aspects of T-M and provide a
kind of pre-semiotic state of the physical apparatus of T-M.

Put simply, an object has the appearance or existence
of non-human things which continues in existence. (Barthes
speaks of connotations and here the reference is to the
existential connotation). A second connotation, that of the
technological, refers to the fabricated nature of the object as
well as its standardized and often large-scale character.
(Barthes 1988, 180-181).

An object has a use, a function. But objects in
themselves are also a “vehicle of meaning.” Barthes employs
the phone as an example of meaning beyond that of function.
A white phone can convey luxury, femininity. A phone of
complexity and mass may convey a bureaucratic sense. An
old phone may give a sense of a past era such as the 1920s.
(Barthes 1988, 182).

Barthes also writes of coordinates and the object’s
position at their intersection. One coordinate is that of the
symbolic: it acts as a signifier with reference to a signified.
The second coordinate is that of classification. Everyone has
a classification schema of objects whether realized or not.
And objects undergo classification whether in a factory, a
department store, an encyclopedia or countless other settings.
The meaning of an object may stem from an individual
object or it may stem from a collection of objects. (Barthes
1988, 183).

Some forms of T-M have only limited relationship with
the semiotics of the object of Barthes. For example, unlight-
ed markings such as road signs and pavement markings
nearly subsume the non-sign objects into the sign as mean-
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ing. Various partially-lighted markings, such as lighthouses,
and aero obstruction beacons, utilize both the unlighted and
lighted segments of the object to produce messages. Yet
fully-lighted signals, especially those of railway systems,
maintain an object that is not a direct part of the marking: the
signal mast, bridge, ladder, etc. They constitute an object that
is not a marking yet clearly denotes a T-M form. A visual
sighting of such a signal installation -- even if the lighted
portion is obscured -- portrays a semiotic or pre-semiotic
message, a T-M message. And the physical object that
directly produces and emits messages can denote a message
apart from the actualized message producing function. For
example, a sighting of a traffic signal apparatus indicates a
signalized intersection in which messages conveying actions
to be taken are present. And a signalized intersection during
a power outage conveys messages of risks in the intersection
because of the lack of signalized messages that would
otherwise not be present.

Perhaps one can say that the totality of the T-M isa
semiotic sign: for some markings the object and sign are
virtually identical; for other markings the semiotic sign and
the physical undergirdings can be separated yet both --
though in different ways -- denotes a message producing and
transmitting phenomena.

1B Taxonomy & Holarchy: Expressions of Singulars,
Wholes & Transportation-Markings

1B1 Introduction

Taxonomy has been a long-enduring element of T-M.
More recently Koestler’s notion of holons and holarchy has
been added. Taxonomy and holarchy each encompasses the
individual T-M form and the totality of those forms and their
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relationships. The notions are not synonyms though they
overlap to some degree. They offer perspectives both
paralleling and diverging from one another. However, they
complement each other more than contradict. Taxonomy
presents an arrangement, a system built up of the individual
objects. Holarchy presents objects (holons) that are simul-
taneously wholes and components of larger wholes. Put im-
precisely, taxonomy is an arrangement of objects while
holarchy (or hierarchy) appears to consist of objects placed
in an arrangement in which each holon is both nearly
complete and also part of something larger.

A T-M study requires a bringing together -- in a man-
ner both compact and comprehensive -- the varied and di-
verse elements that make up the field of T-M. The lack of
any existing integrative approach makes that “bringing to-
gether” yet more imperative. The approach for providing that
linkage for this study is traditionally that of classification.
Classification can both provide points of connection, and it
can also uncover preexisting connections, and areas of
commonality between and among markings.

This sub-chapter includes rules of nomenclature for the
monographs. It does not include the actual classifications
which are found with the specific treatments of various
groups of markings. All of the studies are needed by the
observer in order to grasp the full range of classifications. A
general classification (Part H, Ist and 2nd eds) draws together
the individual taxonomies.

The approaches to classifications in the Monograph
Series have taken several forms: Part B, concerned with the
US, has three classifications: visual representations, an
outline by type of marking, and an outline by nature of
message. Parts C & D classifications are incremental in
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nature: separate classifications are provided for buoys (there
are two classifications for buoys: one in outline form, and
one in visual forms), and for each area of fixed markings (an
Appendix in the 2nd edition provides a general classifica-
tion). Part E and Part F contain unitary classifications; that is,
the entire classification is in one place rather than an incre-
mental form by nature of marking. Part F also contains a
variant form because of the many forms of signals. Messages
can also be classified (see Ch 1A).

1B2 Nomenclature

The nomenclature or rules for naming and classifying
T-M forms were established in 1969 and 1970. The classifi-
cation system has been substantially influenced by the Dana
System of Mineralology (Vol I, 7th edition, 1944, Charles
Palache, et.al., eds). The Dana System employed numbers as
well as names for mineral specimens (in contrast to many
natural classifications that have names only; other classifi-
cations -- including those of libraries -- use numbers). The
8th edition of the System (Dana’s New Mineralogy, 1997)
continues the use of numbers though the numbers are set off
by periods.

What is the rationale behind this nomenclature and
classification schema? The schema adopted is not a “natural”
pattern since there is no natural T-M arrangement; T-M is of
the realm of the artificial. Hopefully, the adopted arrange-
ment is not altogether arbitrary either. The system has four
levels (each represented by a digit): mode of transportation;
nature of marking; classes of markings (when applicable);
and the individual marking. Because of the special nature of
buoys and other floating aids to navigation, the marine mode
of transportation has been divided into two parts.
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Buoys are therefore represented by the number “1” and
fixed aids by “2”. Aero navigation aids adjoin marine and are
alloted “3” (there are some resemblances between marine
and aero; for example, Readers’ Guide to Periodic Literature
in some older volumes referred to “Aerial Lighthouses,”
Vols VI-X, 1922-1937). Traffic control devices are repre-
sented by “4” and rail signals, signs and marks by “5”.

Other arrangements by mode of transportation are
possible. Historically, road safety aids are probably the oldest
followed by marine, rail, and aero. Yet there are other factors
supporting the present arrangement: Marine aids are the most
developed area of modern T-M forms. Many aero aids are
unlighted or partially-lighted as is the case with marine, and
many aids are electronic in nature for both aero and marine.
One could also note that “beacons” are a major form of
marine and aero aids while many rail and road aids are of the
“signal” form. Therefore, marine, then aero then road and
finally rail is a reasonable arrangement.

The nature of the message number is denoted by the
second digit follows this arrangement: Fully-lighted visual
messagers are represented by “1” (for example, rail and road
signals). Partially-lighted markings are listed under “2”. The
original classification attempted to distinguish between over
50% lighted and those merely half-lighted. But that is a
difficult, if not impossible, distinction. Perhaps some com-
puterized process may be able to ascertain that a lighthouse,
for example, is more than 50% lighted (since the need may
be greater at night than in daytime) and a railway target with
switch lamp is exactly half-lighted and half-unlighted. But in
this preliminary study such distinctions are not possible.

Number “3” denotes unlighted markings (signs, pave-
ment markings, buoys without sound or light mechanisms).
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Accoustical signals are “4” in the classification and elec-
tronic devices are “5”. Markings with messages from two
different categories are listed under “6” (e.g., a lighted sound
buoy). Because of changes in the system and in different
monographs it will eventually be necessary to examine and
alter the numbers of some T-M forms in older classifications.

The third digit number is not required for all markings.
It is needed where there are two or more groups of markings
are found within a message type. For example, there are
several forms, or classes, of unlighted buoys: nuns, cans,
spars, etc. The third or class number designates the various
groups. In this classification the third digit “1” marks a nun
buoy. A “0” will be found in the third digit position when
classes do not exist.

This last digit denotes the specific marking number and
this allows for up to ten members for a specific classification
sequence. For a nun buoy in the international classification
the total number is 1412: indicating it is a buoy that is
unlighted (14), that it is the first member of a group of more
than one type of unlighted buoys (141, Unlighted conical)
and the “2” designates that it is a US nun buoy.

A classification problem occurs with traffic control
devices. Traffic signs merge the type of sign (in a physical
other-than-semiotics sense) with the messages (sign-in-a-
semiotic sense) with the result that the traffic sign has a fixed
and very narrow message instead of a single marking which
can be programmed for many different specific message
characteristics (such as a marine light). There are many types
of signs each with one message. (Note: this classification is
of types not messages while with traffic signs the type and
message become closely united and can not be readily
“broken apart.” This has meant that the last digit does not
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represent individual signs since they are semiotic signs -- in
some sense and to some degree -- more than physical signs
and therefore the fourth digit becomes a referent to groups of
signs. For example, under 442, Regulatory signs, there are
several categories of signs for prohibitory purposes and each
of these can be divided into sub-categories; for example,
those dealing with turns are numbered 4423. A message for a
sign affects the physical appearance of the sign as a physical
unit and is therefore within the nomenclature of the
classification.

In summary, the T-M classification follows this pattern:

First Digit: Mode of Transportation: Marine (in
two parts), aero, road and rail.

Second Digit: Nature of the message (visual
divided into all-lighted, partially-lighted, and unlighted),
acoustical, electronic, combination.

Third Digit: Classes of a given form of marking
when applicable.

Fourth Digit: Individual marking number (altered
to group of closely united markings when numerous).

Numbers employed:
First Digit: l1to 5
Second Digit: 1to 6
Third Digit: 0to 9
Fourth Digit: 0to 9

1B3 Holarchy

Arthur Koestler coined his terms Holon and Holarchy
before there was a Transportation-Markings. Nevertheless,
this researcher was slow to grasp the significance of the
holon despite reading an account of holons and holarchy in
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Toulmin’s Return to Cosmology (1982). Only in the last few
years has the holon become a major element for T-M studies.
Koestler wrote of hierarchy, holons, holarchies in Ghost in
the Machine and in several other treatments. One such treat-
ment is Janus: A Summing Up (1978).

This coverage will closely follow the Janus coverage.
Koestler’s ideas are complex and only certain aspects will be
reviewed here. Two key words are parts and wholes.
Koestler notes that the word “parts” suggests something that
is a fragment, not complete, lacks autonomous life. The word
“whole” suggests something complete by contrast. Koestler
denies the existence of parts and wholes in a full sense. It is
his view that an organism constitutes a whole which consists
of sub-wholes and sub-wholes, in turn, have sub-wholes.

Instead of an organism undergoing processes it is a
“stratified hierarchy of sub-wholes.” A diagram of inner-
connected sub-wholes presents a picture of a pyramid (or
upside-down tree) in which sub-wholes are nodes and the
lines connecting the nodes are communication and control
channels. Hierarchies in many forms constituted a major pre-
occupation of Koestler. He recognized that the term had a
pejorative meaning for some if not many people therefore he
coined Holarchy as a substitute. A holarchy is an arrange-
ment of holons with their janus-like character (Janus was the
Roman god of doors with faces in both directions).

The term sub-whole can be joined by other entities
including “part-whole,” “sub-structures,” “sub-structures”
and other less than graceful terms. To avoid the awkwardness
Koestler devised Holon. Holos comes from the Greek with
the meaning of whole. The suffix “On” (found in words such
as neutron, proton) can denote particle, part. Holon then is a
sub- or part-whole. Editorial remarks accompanying Janus

55



speak of holons as having “a dual tendency to behave as
quasi-independent wholes, asserting their individualities, but
at the same time as integrated parts of larger wholes in the
multi-levelled hierarchies of existence.” (Koestler 1978,
“Janus: A Summing Up”).

Holons manifest considerable autonomy, are sub-
stantially self-regulating, display integration in themselves.
At the same time they are parts of yet other categories or
holons. They are janus-like in character: one direction mani-
fests dependency while in the opposite direction they are
largely autonomous.

Some T-M forms may constitute isolated monads
though many if not most resemble holons and holarchy. A
channel buoy rarely exists in a solitary manner but is inte-
-grated with other buoys marking channels, obstructions
among other roles. An airport taxiway light is one of many in
that function. Each buoy or taxiway light is a holon but they
are in turn part of the holon of airport lights, buoys in general
which are in turn part of the holon of marine aids to naviga-
tion, and aero navigation aids which then become part of the
holon of T-M. Even isolated T-M forms display character-
istics of the code system to which they belong. Codes are
also vital to Koestler’s thought. He notes the place of codes
for the structure and function of holons. This can suggest the
place of codes in semiotics.

Notes on Sources

While this study contains a standard bibliography, a
review of important basic sources for semiotics, communica-
tion, classification and holarchy may be an appropriate con-
clusion for this chapter.

56



Among semiotic works of note is that of Theory of
Semiotics by Umberto Eco. It is a more ambitious work than
of Guiraud. It provides perspectives on semiotic phenomenon
with considerable attention to the visual. Eco includes some
T-M forms though in a rather fragmented sense. A researcher
conversant with both semiotics and a subject discipline may
well be able to apply the basic notions to a specialized work.
Though for this researcher, and this study, the work of
Guiraud is more valuable. '

Pierre Guiraud’s Semiotics is a very compact work but
written in an understandable manner and with a focus on the
place of codes. Guiraud has been of more value for this study
than any other semiotic. A.A. Berger of San Francisco State
University has written a work of semiotics entitled, Signs in
Contemporary Culture. Berger devotes two chapters to
codes; a coverage influenced by Guiraud though expanded.

Two other more recent works in semiotics that give
considerable attention to codes are Caged in Our Signs: A
Book About Semiotics by Kyong Liong Kim (Ablex Publish-
ing, 1996), and Semiotics and Communications: Signs,
Codes, Cultures by Wendy Leeds-Hurwitz (Lawrence
Erlbaum, 1993). Both give considerable attention to codes;
this is especially true of Leeds-Hurwitz who devotes several
chapters to the topic.

Two massive tomes can also be mentioned here:
Winifried Noth’s Handbook of Semiotics, and the Encyclo-
pedic Dictionary of Semiotics edited by Thomas Sebeok in
three tomes (volumes). Both provide a coverage marked by
diversity and depth for the discipline of semiotics.

Thomas Sebeok has written and edited a great many
essays, books, and entire series. An essay that helps to sum
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up and survey his work has been written by Eugen Bauer.
That essay, “Thomas Sebeok’s Doctrine of Signs” appears in
Classics of Semiotics edited by Martin Krampen (1987). The
essay includes a bibliographical sketch of Sebeok along with
an exposition of his work and an extensive bibliography.

A relatively recently discovered work by Georges Jean,
Signs, Symbols and Ciphers (ET 1998) includes a chapter
that is similar to the approach of thiese studies. It thereby
provides a stronger context for T-M within Semiology/
Semiotics. This work is discussed in the Prolegomena:
Revisted iv.

A more general work in communication is that of the
four-volume International Encyclopedia of Communications
edited by Erik Barnouw (Oxford University Press 1989). It
includes semiotics and many other topics with connections to
communications. The work of Shannon and Weaver, men-
tioned in many works, exists in a monograph entitled, 7he
Mathematical Theory of Communication published in 1949
(reprint 1964).

There are not many works that include at length a wide
range of T-M forms. One such work is the Symbol Source-
book: An Authoritative Guide to International Graphic
Symbols by Henry Dreyfuss. The work is not exhaustive
though it comes closer to a full-length treatment than
probably any other work. There was to be an ongoing symbol
databank that would add to the symbols. But with the death
of Dreyfuss the project was discontinued. Martin Krampen’s
“Signs and Symbols in Graphic Communications” (Design
Quarterly #62, 1965, Rudolph Modley’s “Graphic Symbols
for World-wide Communication” (Sign, Symbol, Image,
1966) and Handbook of Pictorial Symbols provides coverage
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of many T-M forms though the coverage is restricted to the
visual, and especially graphic symbols. Both of Modley’s
titles also provide classification of symbols that can be
applied to many forms of T-M. An additional work that en-
compasses aspect of T-M in all modes is Navigation: Land,
Sea, Air, and Space edited by Myron Kayton, 1990.

Some recent works in signs and symbols include
Official Signs & Icons 2 by Mies Hora, 2005, and Wayfind-
ing: Designing and Implementing Graphic Navigational
Systems by Craig Berger, 2005.

The primary source for the classification is the Dana
System of Mineralology by Charles Palache, et.al. (Vol I,
1944). This edition, though perhaps dated for mineralology,
is very adequate for the classification system. (and more so
than newer editions of the System which omit the numerical
dimension. The 7th edition was partially completed in 1944
with further volumes in 1951 and 1962. The 8th edition,
Dan’s New Mineralology (1997), was prepared by Richard
V. Gaines and six other collaborators. It retains the older
classification but with the addition of decimals.

Koestler developed the idea of holon in Ghost in the
Machine, 1967. It also receives attention in two later books:
Bricks to Babel: A Selection From 50 Years of His Writing,
Chosen & With a New Commentary by the Author, 1981, and
Janus: A Summing Up, 1978. Toulmin’s Return to Cos-
mology: Postmodern Science & the Theology of Nature,
1982, offers a succinct review of Koestler’s holon and
holarchy.
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CHAPTER TWO

LIGHT & COLOR PROCESSES &
VISUAL TRANSPORTATION-MARKINGS

2A Primer on Light & Color
2A1 Light: A Brief Review

Chapter 2 is a revision and enlargement of the same
chapter from the 3rd edition (1999). This Chapter begins
with the topic of light, continues with color as a dimension of
light, augmented by a review of essential aspects of color,
and finishes with remarks on uses and influences of color in
T-M. References to sources will follow standard forms in
some instances while in other cases references will be more
general or simply refer to other monographs in the Series.

There are several elements involved in understanding the
nature of lights. A reading of even a few authors can present
contradictory or paradoxical explanations. On occasion,
divergent understandings can also display a measure of
convergence.

Electromagnetic energy has several forms including that
of light. The physical character of radio waves and of light
are both forms of radiant energy (Murdoch 1985, 14;
Bloembergen 1985, 655). Older theories about the character
of light included ideas that light consisted of rays or cor-
puscles (particles). More modern notions began in the 17th
century and the foundations of contemporary studies were
established in the 19th and early 20th centuries (Ditchburn
1976, 15).

James C. Maxwell developed the Wave Theory of Light
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in the second half of the 19th century (undergirded by the
work of several others in the 17th and early 19th centuries).
This theory received a high degree of acceptance. In
summary, the theory stated that light waves were electro-
magnetic waves and, hence, the same as any waves produced
by electrically generated radiation except for wavelength
(Brill 1980, 3). Heinrich Hertz strengthened the theory by
experiments which indicated electric circuit-generated
electromagnetic waves conformed to the same physical laws
that lights or optical waves did (Brill 1980, 3). Light, there-
fore, exhibited wave properties and its nature was electro-
magnetic.

But very early in the 20th century it was found that
some properties of light cannot be explained by the electro-
magnetic theory. For example, the theory could not explain a
blackbody’s radiation (radiation absorbing material across
the spectrum of the wavelengths) (Bloembergen 1985, 656;.
Murdoch 1985, 14). The explanation could only come from a
particle (corpuscule) theory of light. Isaac Newton had sug-
gested a particle theory of light but that had been disregarded
with the advent of the electromagnetic theory of light (Brill
1980, 3; Ditchburn 1976, 13; Murdoch 1985, 14).

A key element in understanding the workings of light is
to be found in the work of Max Planck on black-body radia-
tions. Those entities, though without color and non-reflect-
ing, glowed more visibly as their temperature increased:
temperatures changes resulted in color changes. Ongoing
thermal activity throughout the electromagnetic spectrum
range appeared to be taking place. Scientists were aware that
energy exchange was taking place in the black bodies. Great-
er temperatures added energy in a heat form. Energy was
removed by light radiation. The color of the emission and
intensity of it were brought about by the wavelength or light
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frequency (Mooney 1996, 73-74).

Planck noted that, according to classical physics princi-
ples, the energy additions and subtractions should be a con-
tinuous process. However, the theory did not match the
colors observed, and changes in color. Planck came to the
conclusion that theory and observation could only agree if
the light energy was emitted in the form of very small
bundles whose “propagation [was] perforated by ‘jumps’.”
(Mooney 1996, 73-74). Planck referred to energy granules as
quantas. Quantas contained varying amounts of energy
frequency. A high frequency wave (with short wave length)
contained more energy quanta radiation than a low frequency
one. Planck developed a way to measure wave energy.
(Mooney 1996, 73-74).

This way of measurement, Planck’s Constant -- which is
at the heart of Quantum Theory -- indicates that energy of
emitted radiation is proportional to its frequency” (Brill
1980, 3). This hypothesis does not insist that emitted energy
must be in packets. A possible, but difficult, reconciliation
with wave theory cannot be ruled out. In 1905 Albert
Einstein, who made use of Planck’s work, perceived that
light “was in the form of small energy “quanta” (later termed
photons) (Brill 1980, 3). The work of other researchers
coupled with previous work brought about the Quantum
Mechanics theory by 1927. The existence of that theory does
not resolve all of the problems regarding an understanding of
light.

There are several possible and revised explanations of
light. One theory of light combines Maxwell’s electromag-
netic theory with Einstein’s notions of photons and relativity.
Each approach partly explains the workings of light. (Brill
1980, 3-4). A variant version notes there is no theory of light
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in itself. Rather, Quantum Mechanics is one theory that
includes light properties and matter properties. This version
(Ditchburn 1976, 13-15) can be placed in a diagram form
showing “streams” of electromagnetic theory, quantum
theory/photons, and relativity flowing into and forming
Quantum Mechanics. Ditchburn notes that in Quantum
Mechanics the two ideas complement rather than rival each
other; each notion has appropriate milieux. Bloembergen
speaks of properties of light which are “wave-like” and other
properties which are “particle-like” and the manner of their
combination in Quantum Mechanics “without internal con-
tradiction” (Bloembergen 1985, 656).

A leading illumination engineer offers yet another ex-
planation by suggesting that light has a dualistic nature
(Murdoch 1985, 17). Murdoch notes that quantum theory
(rather than Quantum Mechanics) offers a a better explana-
tion of some parts of the processes of energy transmission
than the older electromagnetic theory. While the older theory
better explains the remainder of the process than the newer
thought. Dualism, in this view, more adequately describes
the process than a single element. Dualism may suggest a
two-track form that manifests a closely united nature of two
elements rather than two tracks combined into one.

Yet Harald Fritsch (of the Max Planck Institute) states
that Maxwell’s electromagnetic theory is intact. The theory
may be intact but it needs to be interpreted: all waves are in
photo form. While there may be no contradiction between the
view of Fritsch and other authors, yet Fritsch’s interpretation
seems at variance with the idea of combining disparate
elements, and of separate theories that explain some though
not all light processes. It may be enough to say that either the
once-dominant electromagnetic theory of light has become
subsumed into a more all-encompassing theory which more
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adequately explains light, or the electromagnetic theory
remains valid but needs to be interpreted in the light of the
photon theory (Fritsch 1984, 105-106). Daly notes that
“Niels Bohr showed that light could be understood and
treated as either wave-like or particle-like, but not at the
same time, and that each function complemented the other.”
(Daly 1989, 16).

Put simply, light is radiant energy. A more expansive
definition is offered by Murdoch: Light is “visually evaluated
radiant energy.” Light is “transmitted by radiation, and ... a
form of radiant energy to which the eye is sensitive.”
(Murdoch 1985, 5). Light occupies a portion of the electro-
magnetic spectrum that includes energy in a variety of wave-
lengths including radio, cosmic and x-rays. The wave-lengths
that are visible to the unaided eye are termed light (Danger
1987, 36). And what is color? The sensations generated by
specific wavelengths in the visible part of the spectrum.
Kaufman completes this definition by noting colors are the
“characteristics ... by which an observer may distinguish
between patches of light of the same size, shape and
structure.” (Kaufman 1981, 5-2).

2A2 Introduction to Color

The visible part of the spectrum is one color: white
(Danger 1987, 36). If light is “broken down” through the use
of a prism six colors appear: the primary ones of violet, blue,
green, yellow, orange and red. Red is the longest in wave-
length while violet is the shortest. Visible light is bracketed
by infrared rays (just above) and by x-rays (just below
violet). (Danger 1987, 36).

The wavelengths for primary colors are:
380-430 nm Violet
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430-490 nm Blue

490-560 nm Green

560-590 nm Yellow

590-630 nm Orange

630-770 nm Red
nm=nanometers. These are sometimes referred to as
millimicrons; a millimicron is 1/1,000,000 of a millimeter;
ten millimeters= 1 centimeter = .03937 inches) (Murdoch
1985, 10). Cutler (1972, 13) has figures somewhat at
variance with other sources: 400-450 nm violet; 450-500 nm
blue; 500-570 nm green; 570-590 nm yellow; 590-620 nm
orange; 620-700 red.

The process of human vision and the presence of color is
complex. A color sensation is generated when light (radiant
energy) passes into the eye (Danger 1987, 36-37). The
human eye has three forms of receptors: one responsive to
red, another to blue, another to green. The light that has
entered the eye acts as a stimulus for the receptors which
creates nerve impulses in the receptors which, after trans-
mission to the brain, become mental images. (Danger 1987,
36-37).

Equal stimulation of the receptors results in the brain
perceiving white but the receptors need not be so stimulated.
If, for example, the blue receptor is not involved then the
receptors for red and green create yellow. The degree of
involvement for the receptors means that a vast number of
permutations is possible. White, black and gray supplement
the six primary colors in this process. Yet an older essay
(Hartridge 1961, 102-111) questions the three-color theory
and instead promotes a seven receptor, polychromatic theory.
The second theory contains tricolor receptors and two sub-
sidiary units (Y-B and R-BG-Y). The more complex theory
may have much to recommend it over the simpler one. Yet
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the three-color receptor theory is buttressed by the more
recent work of Davson, The Physiology of the Eye (1990,
399-400).

There are many physical, physiological, and psycho-
logical factors that affect the creation, transmission and inter-
pretation of color. These include the light energy, absorption,
reflection and transmission of the energy form that the
human eye receives and which it processes as well as the
viewing conditions (Culow 1972, 35). Culow notes that
“colour, as such, has no material existence. The wavelength
of the light is the physical reality (the stimulus) which is
responsible for the perception of colour. For instance, a light
beam of wavelength about 550 nm is not in itself green but
the reaction caused by it on the eyes of a normal person is
that which we call green.” (Culow 1972, 7). The remark that
a wavelength is not a given color but rather what humans so
regard as color as energy processed by the eye and brain is an
important observation.

What are termed primary colors depends on the per-
spective in question. Chemistry views color as a matter of
pigments and compounds; primary colors are red, yellow,
and blue in this perspective (Birren 1963, 84, 98, 141-151).
Physics views colors as light and includes red, green, and
blue-green. Physiology and psychology, which examines
color from the perspective of human vision, includes four
primary colors: red, yellow, blue, and green according to
Faber Birren. Earlier studies held to the view there were
three primary colors and these colors correspond to the
chemistry or physics perspective. More modern studies
(including Herring, Ostwald, Hofler, Birren) found that what
humans view in color differs from color as pigment or light
and therefore four colors are primary for humans. (Birren in
the places sited).
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Possibly the best known figure for color research in the
US is Albert Munsell (Birren 1963, 144-151). His studies
incorporate a strongly physics-orientated approach to color.
Munsell followed Helmholtz’s notion of color having three
facets: hue, value, and intensity. Hue refers to that quality
which the non-specialist terms color. Value has reference to
brightness (the dark or light of a color). While intensity, or
chroma, focusses on the purity or grayness of color. (Birren
1963, 144-151).

Munsell emphasized the physics of light but he also
included the psychology of color through his representation
of some hues as stronger than others in his color solid (See
Science of Color, 1953, 367 for a discussion of color solids).
Munsell occupied a middle ground “between color as energy
and color as sensations.” However, Birren notes that
Munsell’s work fell “short of the kind of perfection realized
by Wilhelm Ostwald.” (Birren 1963, 144-151).

Ostwald notes that the science of color has occupied one
of three perspectives: chemistry, physics, or physiology/
psychology. Ostwald, after a review of other studies, thought
that “in the last analysis color is a sensation” and that “a true
solution of color’s mysteries lay in an analysis of the physio-
logical and psychological processes of seeing.” (Birren 1963,
144-151).

Ostwald adopted Herring’s four primary color system of
red, yellow, green, and blue. But he constructed a new
pattern of color based on three colors. Herring had also
advanced the idea of color having three forms: pure hues,
white, and black. Ostwald’s system of color has seven forms
of color: a) the first form includes the pure hues of red,
green, yellow and blue; b) the second is that of white; ¢) the
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third of black; d)-g) the final forms are mixtures of the first
three. Human vision perceives only these forms. (Birren
1963, 144-151).

Signal colors have been greatly influenced by early
work in color. Primary colors mirror developments in T-M. It
can be noted that in T-M the definition of primary colors
may vary with the mode-specific context, and color is not the
only factor at work in T-M forms.

2A3 Light Sources

Incandescent light globes have had a major role in
electric safety aids though a few aids have employed other
lighting forms in the past (e.g. some early approach lights
employed neon; see Part J, 90). In recent years other forms of
“bulbs” are increasingly employed. These include halogen,
metal halide, discharge forms. More recently an additional
form, L.E.Ds., has achieved a prominent role and may
supplant traditional and less than traditional forms.

The incandescent bulb dates back to the 1870s (Joseph
Swan and Thomas Edison are the inventors). In incandescent
light an electrical current passes through a wire (often tung-
sten), The wire glows and light energy radiates outward.
However, most of the energy is in a heat form not light
(Electric Lighting 2002). One source claims only 5% of the
energy is light while a second suggests 15%. (Carmanah
2003; Laughton 1985, 27/8). The incandescent bulb can be
made more efficient but that results in a shortened life span.
~ (Laughton 1985, 27/8).

Halogen lamps (that is one of many names for this light
source; other names include halogen cycle, tungsten-halogen,
quartz, quartz-iodine). (Glossary 2004). These are incandes-
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cent lamps that employ a halogen group gas such as iodine or
bromine. (Glossary 2004). With the presence of iodine any
tungsten evaporating from the filament will be regenerated
and return to the filament. The cleaning or regeneration
process adds to the life span of the lamp. (Technical
Information). Halogen lamps experience a reduced level of
darkening of the globe in contrast to conventional incan-
descent bulbs. (Lindsey 1991, 43-44). Halogen lamps mani-
fest very good “color rendering.” And they produce con-
siderable wattage in a small envelope. (Lindsey 1991, 75).
Many aero nav lights employ halogen lamps (e.g. ADB).

Flashing lights have long been a mainstay of aviation
safety. (see Part J). Historically these have been largely of an
incandescent form. A different form of flashing light
developed in the last half-century. These lights are known
by many names including strobe lights, capacitor-discharge,
and condenser-discharge lights. These were originally
employed for approach lighting and more recently for
obstruction lighting (see Part G, Part J). While discharge
lights forms have differences they share a xenon short-arc
technology. The arc tube is comprised of a tube or envelope
of quartz containing xenon gas in which an electric current
travels through the gas between two electrodes. (IESS 1984,
8-52; Brooks 1983, 255). The flash tube can be either
compact or linear in form. The color has been described as
that of daylight or sunlight. (Technical Information 2004).
The energy for the flash comes from energy stored in a
capacitor (Brooks 1983, 258).

The metal halide lamp is a form of discharge lighting;
that is of high intensity discharge nature(mercury vapor and
high pressure sodium are also of that form) (Brooks 1983
236-237; Glossary 2004). Metal halide lamps include a
ballast that allows the light to continue operation in contrast
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short-arc of xenon lights. Metal halide lamps including traces
of metals that creates a white light of a daylight character,
The lamp can also produce a wide range of color hues.
Metal halide lamps are long-lasting and efficient. A variety
of aero beacons employ this technology. (The Metal Halide
Story). Keeler 1987 viewed the metal halide as a possible
replacement for incandescent lights. (Keeler 1987, 291).
However, the Coast Guard has instead employed L.E.D.
forms. (see LNMs of 13th CG District).

L.E.D.s (light emitting diodes) have rapidly become a
key form of light. Marine aids to navigation, traffic signals,
railways signals are adopting this form of lighting. The
L.E.D. is atiny silicon chip requiring only an electrical
current of limited power. Each chip is composed of crystal
elements for one color. Filters are not needed. Electrical
energy is converted to light not heat in contrast to incan-
descent lamps. Solar energy is often used for L.E.D. modules
since the diodes are of low voltage and suitable for that
energy source. The life span of the diode can be measured in
years rather than in hours. Many diodes are needed for a
single installation. Even hundreds of L.E.D.s at an instal-
lation (e.g. a traffic signal) require little energy. (Wikipedia
2004; Carmanah-roadlights.com 2003; MRSEC.wisc.edu
2001).

An older light source, neon, finds some use for
obstruction lighting. This is seemingly more often employed
in Europe. ICAO speaks of a cold cathode neon-filled lamp
that can be directly attached to power lines and from which it
draws its energy. The neon red is reasonably close to signal
red. A neon discharge lamp set within a vertical tube is
marketed by ADB and other European firms as a low-cost
obstruction aid. Some limited use of mercury and flourescent
lamps are also employed for obstruction lightings. (Part G,
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ICAO 1993, 128; manufacturers include ADB, Cegelec and
Thorn Europhane).

2B Color & Transportation-Markings
2B1 Historical Development of Color Use in T-M

A survey of the development of color usage for T-M
examines several issues: a) do color usages pre-date T-M and
therefore come from other fields? b) do color usages origi-
nate in various scientific and technical disciplines? or c¢) do
color usages emanate from T-M in itself?

A historical survey of color messages for T-M soon
encounters a problem in examining possible pre-T-M
messages. As Henry Dreyfuss notes in his Symbol Source-
book, not a “single source ... explained the traditional and
contemporary meanings of specific colors in specific
contexts” (Dreyfuss, 1972, 232). Historical sources that
consider color meanings often do so only in general terms.
However, some evidence is available which may indicate
whether or not messages corresponding to T-M messages
may predate that usage.

Dreyfuss notes that for the 200 years before 1900 only
red had a meaning corresponding to present signal usage
(Dreyfuss 1972, 238). Red has had a variety of meanings in-
cluding that of danger. Red flags were employed in colonial
Massachusetts as a signal to a doctor while he was on his
rounds; storm warning flags were also red (Dreyfuss 1972,
238-239). These examples suggest red had a danger or near-
danger meaning before the advent of modern T-M forms. But
the researches of Dreyfuss found no evidence about yellow
or green that suggests modern usages. There are indications
of the use of yellow and green in industrial safety and auto-
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racing but only after T-M usage was underway (Dreyfuss
1972, 240-241).

Green and red were employed as markers for starboard
and port side (respectively) of ships, beginning in 1847
which reflects the use that green and red occupy in Eastern
Hemisphere buoyage and beaconage markings (O’Dea 1959,
68). It can be noted that red was employed for starboard
buoys before that date and not until the early 20th century
did some nations employ a pattern based on the 1847 ship-
board lighting practice. (Naish 1985, 194; Parts C/D). The
marine use of green and red is at variance with the core
meaning (red= danger, stop; green= proceed, clear) whether
red is to star-board or port, and green is to starboard or port.

While the evidence is limited and sketchy for T-M
message patterns there are indications that red came from
non-transportation uses (green and red in marine T-M forms
are a variant usage). But for the most part, T-M color formu-
lae emanated from other sources. Other possible sources of
color meanings include color studies in psychology, physics
and chemistry, and the internal requirements of T-M.

Much of the work in color standards for T-M took place
in the 19th and early 20th centuries. Psychology was in its
earliest stages during this time and not a major factor in the
development of color messages. Psychology has become a
major factor in color and in T-M messages but only after
many of the foundations were established. Color studies
based on physical science were of more significance.

T-M message colors are very similar to primary colors
suggesting an influence from color studies. This is true even
though some of the major work in color took place at the
same time as developments in T-M colors uses were occur-
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ring. Nonetheless, the close parallels between the work of as
Munseljand Ostwald indicates an influence upon T-M
developments. Especially important is the Munsell color
system since it fits in well with signal color systems
especially those of railways (AARPAPOS 1953, Ch 1).

Munsell’s hues include red, green, yellow, blue and
purple (Birren 1963, 148-149). It is perhaps telling that
Munsell includes purple, unlike other systems, and that
purple appears in railway color patterns though, admittedly,
on a limited scale. Railway uses of color and Munsell’s stu-
dies chronologically overlap. Ostwald’s work is somewhat
later yet some influence on T-M may be present.

In summary, what can be said of the impact of color
and especially of color research on the T-M colors? While a
cause and effect relationship would be difficult to establish
probably some relationship is present. Signal colors and
primary colors demonstrate considerable correlation. It is
quite possible that those involved with transportation color
usage (in an earlier stage) were familiar with the work of
Munsell. While American railway literature does not provide
details on any actual connection there is the tantalizing sug-
gestion that railway colors -- which are the basis of many
signal color systems -- are tied to the Munsell system. There
is at present a large body of publications dealing with color
standards and signal colors yet much of that literature came
about after the establishing of colors.

Munsell’s studies were less vision-orientated than those
of Ostwald yet they had greater impact on color. This may
indicate that Munsell’s work took place about the same time
as much transportation color usage was developing. It does
not necessarily indicate the superiority of Munsell over
Ostwald.
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The use of primary colors in T-M may possibly have
been selected because “red, yellow, green, and blue are
unique in appearance and resemble nothing else” (Birren
1963, 151). The use of primary colors needs to be qualified
since some special hues have been employed that are not
primary colors (or at least not primary in all color systems:
lunar-white, purple and what one railway calls orange [which
may be within the limits of yellow]) ( Swiss Federal Rail-
ways 1981; Part F, 1991, 117).

Color usage in T-M is not fully an achievement of
science. Some measure of historical accident and even
arbitrary actions played a role in these developments. Light-
house authorities as well as railway companies made use of
the available color glass technology and mechanisms of their
times. Science and technology were not always the final
arbiter in these matters. The colors employed and the result-
ing messages were formed by the agencies and companies
directly involved in signals with a complementary yet in-
creasingly important role by scientists, engineers and tech-
nicians in manufacturing concerns, government agencies and
universities.

In summary, the meaning of most signal colors does not
predate the modern era of T-M. While psychological factors
are often important in scientific color studies -- and psycho-
logy began in roughly the same era -- it is not responsible for
much of the actual T-M color usages. The development of
the T-M message system was brought about by an interplay
of the signal system with the science and technology of the
late 19th and early 20th centuries. The work of chemistry and
physics, especially in railway signal undertakings, greatly
influenced the development of the colors employed and the
accompanying messages.
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The focus of this segment has been on color meaning to
T-M. It can also be noted that over many decades certain
colors have meanings stemming from T-M. Colors can even
be removed from T-M usage and retain the same meaning in
diverse roles. For example, to say that an arms control agree-
ment has received a yellow light means that caution has crept
into the process or even that the agreement is on hold. Red
with the meaning of danger or stop occurs in advertizing and
the same is true of green with a meaning of “go ahead” or
“pull out all the stops.” Many of the meanings associated
with colors used in T-M do not preceed those selfsame
markings yet many of those meanings follow meanings
created in T-M usage.

2B2 Summary of Color Usage in T-M

The scope of this monograph cannot not encompass the
full range of T-M messages. But a review of general uses of
color in T-M is possible. The first edition of Part A color
usage was arranged by the transportation mode (aero, marine,
rail, road). But in the 2nd edition to this edition the focus is
instead on the color usage followed by reference to the mode.
The modal monographs provide more detailed coverage.
Color usage is not accompanied by references as the
coverage ranges over a wide range of materials. Again, the
modal monographs supply that information.

The use of red follows the widely-accepted meaning of
stop in many cases. In aero markings it finds frequent use in
obstruction markings on towers, buildings and other barriers
that can affect air navigation. Red is not infrequently
combined with other colors. For example, red is added to the
backside of aero threshold lights to denote wrong direction
by aircraft. It also conjoined with the color white in aero
approach lights.
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Red can be employed with variant meanings that do not
denote danger (at least in a direct sense). In marine aids to
navigation red alternates with green as an indicator of the
sides of channels rather than as a stop signal. Red is rarely
used as a danger signal in marine navigation. A few major
lights may have a red sector denoting a special region of
danger near that light; that would constitute a standard mean-
ing of red. Red is also found with directional lights (narrowly
focussed lights of several colors delineating a multiple-
channel). Seemingly, no other transportation mode employs a
principal color in an atypical manner to this extent.

Red has the accepted meaning of stop in road and rail
situations; most of the meaning of red as a stop or danger
message originates with these signals. A possible area of
confusion is the railway use of red when conjoined with
other colors. The use of multiple colors indicates qualified
versions of more basic messages, or -- in the case of multi-
ple-signal heads -- red can have the standard meaning even
with other colors present. Traffic signals are an exercise
in simplicity in which red has an unvarying message of stop.
There are a limited number of situations where a flashing red
or double red indication is present and these represent addi-
tional variants of the basic stop message.

Green was once a cautionary color for railway signals,
but it has become very much associated with a “go” message
with the one major exception of marine usage. It has a some-
what limited role in aero navigation though various aero bea-
cons employ green, the “go” side of threshold lights are
green in color; taxiway centerline lights represent a variant
use.

For marine aids to navigation green shares the function
described for red which is to mark the sides of channels. A
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possible point of confusion concerns which side is designated
by green and which by red. In most instances the Eastern
Hemisphere employs red to port and the Western Hemis-
phere red is to starboard (this matter is further complicated
by the direction of the head of navigation).

Green in rail and road signals follows the format of the
comments about red. The general meaning ascribed to that
color comes from these signals. Green in rail use may appear
by itself though it can appear with other colors which some-
times --but not always -- qualifies the basic message. Flash-
ing and multiple green signals signify other nuanced mean-
ings. The use of green for road signals follows a simple
pattern with few qualifications (turn and lane sighals offer
some qualifications).

Yellow has a widely agreed-upon meaning of caution. A
variety of terms in addition to the word caution have been
applied to yellow. This is especially the case with railway
signals. Yellow is found with some forms of airport beacons
both alone and in conjunction with white. Yellow is em-
ployed for portions of runway edge lighting. Yellow in the
previously described situation, may have a cautionary char-
acter since yellow/white edge lamps are located between
approach lighting and the main section of edge lighting.
Yellow has a limited role in marine navigation. These uses
include special purpose buoys and warnings.

Yellow is part of a triumvirate of basic colors along
with red and green. Yellow has an importance in road and
rail approximating that of red and green. Road signals em-
ploys yellow for cautionary messages. Rail signals have a
more complex pattern of usage and the remarks for red and
green can generally be applied to yellow
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Red/Green/Yellow loom up very large in human con-
sciousness for T-M colors. Yet white is a frequently
employed color and in some instances eclipses apparently
more commonly used colors. White is the most common
color in use at airports and it is also significant away from
airports. White finds use with beacons, approach lighting
systems, runway edge and runway centerline fixtures. White
is sometimes used alone and sometimes with other colors.

White is also a key color in marine color usage. Most
major coastal lights employ white, and white is used for
many other lights as well. It is also employed in buoyage
systems for specified roles. White is also a major color for
structures. The new international buoyage system has
probably decreased the use of white since the new system is
more specific about color usage than previous systems and
has increased the use of green and red.

Road signals colors do not include white. But many
road pavement markings employ white as well as some signs.
White is used for railway signals though on a restricted level.
Some mainline signals display white messages though often
for specialized purposes (e.g., switch/point indicators).

There are also some special forms of white in use. One
of these is lunar white (sometimes termed blue white) used
by some railways. A second special white termed “variable
source white” is found largely with aero lights which can
vary intensity according to weather conditions and time of
day. Changes in intensity alter color temperature and hue of
the color in use. (Breckenridge 1967, 48; see also ICAO
1990, Attachment A).

The other colors in T-M are more restricted in use. The
most important of these is that of blue. It is used for taxiway
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light at airports, construction work, and derails on railways.
Blue also finds limited use with road signs and pavement
markings. Purple (often termed violet in Europe) has limited
applications in railways. Purple has been a substitute for red
in some non-mainline signal situations. Amber is not a color
in itself but an alternate name for the yellow hue employed in
some railways. It denotes a less saturated hue of yellow but
remains within the spectrum of tolerances for yellow. The
color orange employed by the Swiss Railways is within
acceptable yellow boundaries. Orange in different hues than
previously described forms are employed for some buoys and
some older pedestrian signals. Some aero markings are also
orange. Other colors including black and brown are
sometimes employed with road signs.

The welter of colors and meanings can become confus-
ing. But the core colors of red/green/yellow with the accom-
panying messages of stop/proceed/caution constitute much of
the color system in T-M. Marine and aero aids to navigation
represent a kind of sub-culture of usage. White occupies an
intermediate position with major uses for marine and aero
aids. The remaining colors are much more restricted and
peripheral in T-M usage.

. 2C Historical Development of Color Messages
1 The Development of Messages Before 1900
a) Before 1850

Quite obviously T-M before 1900, and even more
before 1850, displays a truncated appearance. The aero mode
did not exist and traffic signals were primitive and very much
of a rarity before 1900. Only two modes were served by
markings of a relatively complex nature. In the early 19th
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century only marine markings amounted to very much at all.
Traffic control devices were limited in scope and simple.
Railway signals were in a primitive and embryonic stage.
However, developments in color messages in one or two
modes spill over into other modes and in time affect the total
spectrum of T-M. To speak of color developments on the
coasts of England and Scotland, for example, may seem a
narrow topic yet it can have far-reaching results. This is also
true of many other seemingly small events in color.

At the beginning of the 19th century marine markings
stood nearly alone as a T-M system. White was preeminent
in that system. The range of color was not as narrow as that
statement might suggest. “White” can include a number of
hues; the phrase “uncolored light” includes shades known as
“white, bright, or clear” (Stevenson 1959, 77). The color of
illumination, when color glass is not employed, can also
create a difference in color. This is especially the case when
a variety of fuels were used in early lights.

Despite the primitive state of early 19th century tech-
nology, including that of glass manufacturing, some marine
lights exhibited color messages in that era and before. For
example, Flamborough Head had a red and white color
system in 1806 and this light also revolved. This may be the
first light exhibit a two-color message, and also to revolve.
Bell Rock (or Inchcape) displayed large panels of red glass
after Flamborough was established. Extensive use of red
glass was probably a rarity then and later. (Stevenson 1959,
77).

Color studies were underway even in the early 19th
century. For example, A.D. Stevenson carried out experi-
ments that demonstrated “red was the best color as an alter-
native to white or natural light” (Stevenson 1959, 79); that
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finding is borne out by much later studies. A French contem-
porary of Stevenson, Baron Saint Holouen, proposed a color
light system for distinguishing between lighthouses but that
proposal did not reach a concrete stage. (Stevenson 1959,
79). -

A US lighthouse in New Hampshire displayed a three-
color message of red, white, and blue. This may have been
more of a patriotic gesture than an advanced color optic
system. The blue was soon dropped because it could not be
seen for an adequate distance (Adamson 1953, 88). Blue
continues to find use with airport taxiway lights and slight
employment in railway signals but not in marine lights.

Perhaps surprizingly, the first light in England with a
color message displayed a green light not one of red. Sur-
prizingly because green has a shorter viewing capability than
red and rarely employed for coastal lights. That initial color
light, the Smalls in UK, was a very early light: 1775.
(Stevenson 1959, 281-282; and this is the reference for the
next two paragraphs as well).

Color developments were very gradual but there were
more extensive changes in light phase characteristics. In
1750 all lights had been fixed but by 1800 three additional
characteristics had been added: revolving, oscillating, and
occulting. Quick-flashing was added in 1819 and additional
patterns were added late in the 19th century and in this
century.

By 1850 the situation in lighthouse forms was not
greatly different from half a century earlier. Lights were
usually dim in intensity, often white in color and not infre-
quently of a fixed character. The second half of the century
saw many more developments in light phase characteristics,
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lens optics, and improved illuminants.

The first actual traffic signal was established in 1868.
However, a primitive form of land signal for surface traffic
already existed. This “land lighthouse” was similar to a
marine lighthouse in that it was made up of a tower topped
by an open fire. It was not intended to direct or separate
traffic but rather to provide guidance for travellers between
towns (Stevenson 1959, 47). A simpler “land lighthouse”
was established near Whitby in Yorkshire in the early Middle
Ages. This writer has a photograph of that beacon which
shows an iron brazier fastened to four wooden poles, the pur-
pose was identical to the more elaborate land tower. The
great tower of Saint Botulph’s Church in Boston, UK may
constitute a third example of a “land lighthouse.” Knowles
refers to it as the “beacons of the fens.” (Knowles 1976, 14).

Railways began working on signals early in the 19th
century. Railways and signals began in England with many
later developments in the US. The first signals may have
been on the Liverpool & Manchester Railway in 1830
(ARSPAPOS 1953, 6-19). The earliest signals were much
like current switch signals with targets. An early US signal
utilized flags, baskets or balls painted white or black. White
was the clear indication of that time and for many years to
come; black represented a hazardous or stop condition. A
somewhat more modern signal employed discs painted white
or red. White continued as a clear or go signal while red
became the symbol of danger; the red discs contained the
word “danger” as well. When night messages were added
they followed the white and red pattern of day indications;
the “banner” box signal of the Civil War era continued that
message pattern.

By mid-century T-M forms and their message systems
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were limited in numbers and in complexity but some ad-
vances were occuring. Marine colors and light phase char-
acteristics had undergone some improvements and
expansion. For example, lighthouse technology (including
the Fresnel lens and improved fuels) was experiencing major
developments. Railway signals employed several colors. Red
was in use and displaying the meaning it has at present.
White was a significant color though with a different
meaning than the contemporary one. Green had limited use
during the mid-century. It had begun as a caution color and
long retained that meaning especially in the US. Modern
T-M forms and messages were some distance in the future,
but some embryonic underpinnings were becoming visible
by mid-century

b) 1850-1900

1850-1900 stands as a vital transition period for T-M. It
is the last period lacking aero navigation aids. It includes the
most intense period of the crisis in railway signal color
development. It represents the zenith of visual marine aids to
navigation, and it includes the first traffic signals. But this is
also a period of embryonic beginnings rather than fully com-
pleted solutions. The railway signal problem is not resolved
until the first years of the new century, nor do seminal
changes occur in marine aids until the 20th century. But that
half-century is, nonetheless, a vital bridge between a primi-
tive level of markings to a level more closely resembling
modern T-M.,

Throughout much of this period the railway signal color
pattern remained relatively uniform: red for stop, green for
caution, white for proceed (ARSPAPOS 1953, 73-74). The
original code (formulated at Liverpool before the mid-point
of the century) had far reaching impact. This is is not surpriz-
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ing since railways were largely confined to the industrial
nations of Europe, Japan, and North America; signal work in
the UK could therefore affect much of that restricted railway
network.

Chappe Brothers, an English lighthouse engineering
firm, determined that the colors of red, white, and green were
more commonly used on railways than any other colors, and
manifested a stronger intensity. Through survey and experi-
mentation they also found that white was the most frequently
employed color and of the strongest intensity. White thereby
became the proceed indication. Green became the caution
signal in the Chappe study. It is not known if any form of
yellow was tested.

White signals became a major safety problem within a
relatively short time after the 1841 Conference. It was found
that if a red or green lens broke or fell out of the signal then
the lamp became a de facto white signal indication. Or if a
house lantern near a track displayed a strong white lantern
that lantern might be mistaken for a signal message. In the
British Isles the task of phasing out the white signals was
soon undertaken. White lasted far longer in the US. At least
one US railway dropped white because of an accident and
instituted the now familiar green/yellow/red message pattern.

The slowness for changing colors and messages can be
traced to at least two explanations: a) human inertia: the
railways were accustomed to the older system and may have
perceived a potential for accidents if the existing pattern was
changed. The railway attitude may be less unacceptable than
it first appears: symbols can become ingrained in human
conscio